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Foreword 

Before  World War 11, r a d i a t i o n  p r o t e c t i o n  was p r i m a r i l y  o f  concern  

i n  medic ine .  Though t h e r e  c o n t i n u e  t o  be impor t an t  problems a r i s i n g  

from medica l  i r r a d i a t i o n ,  i n  t h e  post-War e r a  t h e  most prominent  p u b l i c  

conce rn  wi th-  r a d i a t i o n  p r o t e c t i o n  h a s  been e n e r g y - r e l a t e d .  No technology 

has  e v e r  been s u b j e c t e d  t o  c l o s e r  s c r u t i n y  f o r  p o s s i b l e  harm t h a n  

n u c l e a r  power. Only g r u d g i n g l y  a r e  we r c a l i z i a g  eve ry  s o u r c e  of 

e l e c t r i c i t y  h.as d a n g e r s ,  and t h a t  a d e c i s i o n  t o  b u i l d  a c o a l - f i r e d  

r a t h e r  t h a n  a  n u c l e a r  p l a n t  i n v o l v e s  t r a d e - o f f s  between t h e  r i s k s  

a s s o c i a t e d  wi th  t he  e n t i r e  c o a l  f u e l  c y c l e  ( f rom mining t o  end-use)  

and t h e  r i s k s  e n t a i l e d  by t h e  e n t i r e  uranium f u e l  c y c l e .  Analy.sis o f  

t h e s e  e n e r g y - r e l a t e d  r i s k s  i s  t h e  prime r e s p o n s i b i l i t y  of t h e  

Biomedical  and Environmental  Assessment  D i v i s i o n  o f  t h e  N a t i o n a l  

Cen te r  f o r  A n a l y s i s  o f  Energy Systems.  

I n  c a r r y i n g  out  t h e s e  a n a l y s e s ,  we c o n s i s t e n t l y  f i n d  t h a t  p u b l i c  

p e r c e p t i o n s  v a r y  w ide ly  a s  t o  awareness  of  t h e  e x t e n t  of  r i s k .  We 

have t h u s  become i n t e r e s t e d  i n  p e r c e p t i o n  of r i s k  by t h e  . p u b l i c ,  a  

s u b j e c t  t h a t  r a i s e s  s o c i a l  q u e s t i o n s  and v a l u e  c o n f l i c t s .  o f  t h e  s o r t  

d i s c u s s e d  i n  an  h i s t o r i c a l  mode i n  t h i s  i n fo rma l  r e p o r t ,  which M r .  

Serwer p repa red  a t  P r i n c e  t o n  be£  o r e  coming t o  Brookhaven. P u b l i c  

conce rn ,  p r o f e s s i o n a l  r e s p o n s i b i l i t y ,  i n t e r d i s c i p l i n a r y  c o o p e r a t i o n ,  

and t h e  a c t i v i t i e s  of government and o f  t h e  c o u r t s  a r e  p e r v a s i v e  

themes wherever  s o c i e t y  i n  t h e  1970s c o n f r o n t s  harmful  consequences 

a r i s i n g  from s c i e n c e ,  medic ine  and technology.  S i m i l a r  themes a r o s e  

soon a f t e r  t h e  d i s c o v e r y  of X-rays and radi11.m. Thio h i s t u i y  Ls i n  Some 



impor t an t  r e s p e c t s  a  microcosm of  c u r r e n t  developments  i n  a r e a s  f a r  

removed from r a d i a t i o n  p r o t e c t i o n  i n  medic ine .  

The a b s o l u t e  s o l u t i o n  of p u b l i c  concern  and p e r c e i v e d  r i s k s  i s  

imposs ib l e .  Th i s  s t u d y  sheds  l i g h t  on the .  mechanis,ms s o c i e t y  u s e s  t o  

come t o  terms wi th  t h e  r i s k s  i t  c r e a t e s  f o r  i t s e l f ;  we a r e  d i s t r i b u t i n g  

i t  i n  t h i s  p r e l i m i n a r y ' f o r m  i n  t h e  hope of  d i s s e m i n a t i n g  t h a t  , 

unde r s t and ing  f u r t h e r .  

. . 

Leonard Hamil t o n .  



A b s t r a c t  

The h i s t o r y  of  r a d i a t i o n  p r o t e c t i o n  b e f o r e  World War I1 i s  

t r e a t e d  a s  a  c a s e  s t u d y  o f  i n t e r a c t i o n s  among s c i e n c e ,  medicine 

and technology.  The .fundamental concerns  i n c l u d e  t h e  £01 lowing : 

a )  , How a r e  medical  and t e c h n i c a l  d e c i s i o n s  w i th  s o c i a l  

impacts  made under  c o n d i t i o n s  of  u n c e r t a i n t y ?  

b) How a r e  s o c i a l  p r e s s u r e s  brought  t o  b e a r  on t h e  

development of  s c i e n c e ,  medicine and technology?.  

C) What does i t  mean f o r  medicine o r  technology t o  be 

" s c i e n t i f i c " ?  

d) ' Why do p r o f e s s i o n a l  groups s e e k  i n t e r n a t i o n a l  

coope ra t  i on?  

e )  What r o l e s  do v a r i o u s  s o r t s  of  p r o f e s s i o n a l s  and 

o r g a n i z a t i o n s  p l ay  i n  c o n t r o l l i n g  t h e  harmful  s i d e  

e f f e c t s  of  s c i e n c e ,  medicine and technology?  

These q u e s t i o n s  a r e  add re s sed  i n  t h e  s p e c i f i c  c o n t e x t  o f  p r o t e c t i o n  

from the  b i o l o g i c a l  e f f e c t s  of  X-rays and radium i n  medica l  u se .  

I n  t h i s  c o n t e x t ,  s c i e n c e , m e d i c i n e  and technology a r e  found t o  

have i n t e r a c t e d  s t r o n g l y  w i th  s o c i a l  concerns  exp re s sed  p r i m a r i l y  

through t h e  c o u r t s  and t h e  news media. P r o f e s s i o n a l  pe.rcepti0n.s 

t h a t  medical  r a d i o l o g y  might be t h r e a t e n e d  a r e  s e e n  r e p e a t e d l y  t o  

have mot iva ted  promotion of p r o t e c t i o n  measures ,  and ' in  t h e  

absence  o f  such p e r c e p t i o n s  p r o f e s s i o n a l s  d i d  n o t  proceed r e a d i l y  

/-----.. 
t o  l i m i t  t h e  r i s k s  .of  r a d i a t i o n  even  when they  themselves  s u f f e r e d  .- . 

-\ 

'\. 

much of  t he  ?-.arm, I l n c c r t a i n t i e s  conce rn ing  r a d i a t i o n  p r o t e c t i o n  



- iv-  

were o f t e n  resolved under s t r o n g  s o c i a l  p ressures  from w i t h i n  t h e  

p ro fess ion  2nd from the  genera l  p u b l i c .  

The l i n k s  between medical radiology and s c i e n t i f i c  s t u d i e s  of 

r a d i a t i o n  a r e  found t o  have been m u l t i f o l d ,  and the  a p p l i c a t i o n  

of s c i e n t i f i c  understanding t o  b i o l o g i c a l  even t s  i s  found t o  have 

been only one of a  number of  I n t e r a c t i v e  mechanisms between m e d i c a l .  

. radiology and s c i e n t i f i c  s t u d i e s  of r a d i a t i o n .  Medical radiology 

u n t i l  World War I used s c i e n t i f i c  d i s c o v e r i e s  wi thout  s u b s t a n t i a l  

inpu t  from s c i e n t i f i c  experiment o r  theory.  This s e p a r a t i o n  between 

l abora to ry  and c l i n i c a l  approacFes was c r i t i c a l  t o  the  h i s t o r y  of 

medical radiology and of r a d i a t i o n  p r o t e c t i o n .  Only the  War, and 

i n  p a r t i c u l a r  i t s  e f f e c t s  on the  c a r e e r s  of a  smal l  group of 

German phys ic ians  and p h y s i c i s t s ,  brought s u b s t a n t i a l  a p p l i c a t i o n s  

of s c i e n t i f i c  knowledge i n  medical radiology,  and even then p r a c t i c a l  

cons ide ra t ions  r a t h e r  than s c i e n t i f i c  ones d i c t a t e d  key dec i s ions  

on p r o t e c t i o n  and dosage quest  i o n s .  

I n t e r n a t i o n a l  cooperat ion on p r o t e c t i o n  and measurement ques t ions  

i s  found t o  have .depended s t r o n g l y .  on compet i t ive ,  and o f t e n  

n a t i o n a l i s t ,  r i v a l r i e s .  . P h y s i c i s t s  and p h y s i c i a n - s p e c i a l i s t s  played 

key r o l e s  i n  achieving by 1928 i n t e r n a t i o n a l  s t andards  f o r  r a d i a t i o n  

p r o t e c t i o n ,  though t h e r e  remained s u b s t a n t i a l  d i f f e r e n c e s  i n  the 

ways i n  which l a b o r a t o r y  and c l i n i c a l  r e sea rch  workers regarded 

p r o t e c t i o n  mat te r s .  



Preface 

This case study concerns the in t e rac t ions  amang sc ience ,  

medicine, and technology within a s o c i a l  context .  The p a r t i c u l a r  

branches of  science and medicine i n  ques.tion, both a t  one time 

.known a s  "radiology," o r ig ina t ed  i n  discoveries  o f  t h e  l a t e  

n ine teenth  century: .  R5ntgen1s discovery i n  l a t e  1895 o f  X-rays 

and t h e  Curies '  discovery i n  1898 of  t h e  rad ioac t ive  element 

radium. The sc i ence 'o f  radiology undertook experimental and 

t h e o r e t i c a l  i nves t iga t ions  of X-rays and of rad ioac t ive  substances 

wi th in  academic i n s t i t u t e s  and l abo ra to r i e s .  I n i t i a l l y  conqrised 

of phys i c i s t s  and chemists,  t h e  s c i e n t i f i c  r ad io log ica l  community 

c.ame l a t e r  t o  include b i o l o g i s t s  a s  wel l .  Such famous names as 

Rutherford, c u r i e  u ld  Becquerel cont r ibu ted  t o  t h i s  l a t e  nine- 

t een th  and e a r l y  twentieth-century sc ience  of rays .  Medical radio- 

logy appl ied  X-rays and radium f o r  diagnost ic  and therapeut ic  .purposes. 

The primary i n s t i t u i o n a l  s e t t i n g  f o r  both research and p r a c t i c e  i n  

medical radiology was the  c l i n i c ,  sometimes p r i v a t e  &d sometimes 

a t tached  t o  a hosp i t a l  o r  un ivers i ty .  

The technology with which we s h a l l  be concerned serv iced  medical 

radiology, which requi red  X-ray tubes,  radium app l i ca to r s ,  measuing  

instruments ,  p ro tec t ion  devices,  and a v a r i e t y  of a u x i l i a r y  equipment. 

S c i e n t i s t s  and physicians contr ibuted t o  t h i s  c l i n i c a l  technology, but  

s o  too d id  a diverse group of s k i l l e d  craftsmen. Before 1896, these  

craftsmen had been glassblowers,  instrument makers, e l e c t r i c i a n s ,  

and' mechdics  ; after 1836, t h c y  becaMe X-ray equipment manufacturers. 

Only during World W a r  I d id  X-ray and radium technology begin t o  

r e l y  heavi ly on the  science of  radiology and on academically t r a i n e d  



professionals ,  and a s  a  r e s u l t  t he  s c i e n t i f i c  and medical t r a d i t i o n s  

would eventual ly be drawn i n t o  a  s ing le  rad io logica l  community. 

Before t h i s  important development, however, t h e  s c i e n t i f i c  and 

the  medical rad io logica l  communities were l a rge ly  separate .  

E i ther  s c i e n t i f i c  o r  medical radiology might merit  h i s t o r i c a l  

treatment on i t s  own. My i n t e r e s t ,  however, l i e s  i n  t h e i r  i n t e r -  

ac t ions  with t h e  indus t r i a l l y  advanced s o c i e t i e s  t h a t  fos te red  

t h e i r  development before World.War 11: t h e  United S t a t e s  and 

Western Europe, espec ia l ly  Br i t a in ,  France, Germany and Austr ia .  

These in t e rac t ions  arose because X-rays and radium, i n  addi t ion  

t o  t h e i r  many medical bene f i t s ,  a l s o  posed hea l th  r i s k s .  Radiation 

damage and rad ia t ion  protect ion a re  not creatures  of our post-World 

.War I1 nuclear age. Both those responsible f o r  applying X-rays and 

radium i n  the  c l i n i c  and t h e i r  pa t i en t s  suffered i n j u r i e s ,  and a s  

a  r e s u l t  t h e  b io logica l  e f f e c t s  of X-rays and radium have been 

t h e '  subject  of publ ic  concern s ince  sho r t ly  a f t e r  t h e i r  respect ive 

discoveries. .  Today's newspaper e d i t o r i a l s  on the r i s k s  of nuclear 

reac tors  had t h e i r  counterparts f i f t y  years  ago, when ed i to r s  were 

concerned with the  r i s k s  of exposure t o  X-rays and radium i n  

medical use. Even today, medical i r r a d i a t i o n  contr ibutes  much more 

than rout ine  reac tor  discharges t o  t he  dose of rad ia t ion  received 

by an average American. Though now overshadowed by o ther  concerns 

i n  t h e  publ ic  eye, rad ia t ion  protect ion i n  medicine i s  s t i l l  an 

important problem f o r  science,  medicine and technology. 



The early,pre-World War I1 concern wi th  r a d i a t i o n  p r o t e c t i o n  i n  

medicine a rose  from t h e  discovery dur ing t h e  four  decades fol lowing 

1896 t h a t  X-rays and radium had a  v a r i e t y  o f  a c u t e  and long-term 

b i o l o g i c a l  e f f e c t s .  Let  me o f f e r  here  an o u t l i n e  of major 

events  t h a t  I s h a l l  d i scuss  i n  d e t a i l  i n  l a t e r  chap te r s .  I n  1896, 

wi th in  a  few months o f  R8ntgen1s discovery o f  X-rays, it became 

widely known t h a t  exposure t o  t h e  X-ray tube  caused human h a i r  t o  

f a l l  ou t  ( e p i l a t i o n ) ,  'reddened and' inflamed t h e  s k i n  (erythema) ,  

'and could a l s o  cause more s e v e r e  s k i n  i r r i t a t i o n s  ( d e r m a t i t i s ) .  

I n  1902 and 1903, s e v e r a l  o t h e r  l e s s  obvious e f f e c t s  were repor ted :  

X-r.ays and radium caused s t e r i l i t y  i n  both  males and females;. they  

caused changes i n  t h e  blood and blood-forming organs;  and they  

induced cancer .  I n  t h e  two o r  t h r e e  y e a r s  be fore  World War I ,  t h e  

e f f e c t s  on t h e  blood and blood-forming organs .were  found t o  l e a d  t o  

leukemia and t o  a sometimes f a t a l  pe rn ic ious  anemia, bu t  g e n e r a l  

r ecogni t ion  o f  t h e s e  consequences d i d  not  come u n t i l  around 1920. 

A l l  o f  t h e s e  b i o l o g i c a l  e f f e c t s  were t h e  r e s u l t s  of exposure t o  

X-rays and radium i n  medical use ,  and I s h a l l  be l a r g e l y  concerned 

wi th  t r a c i n g  t h e  consequences o f  t h e s e  c l i n i c a l  d i s c o v e r i e s .  I n  

a d d i t i o n ,  radia t ion- induced g e n e t i c  mutations were demonstrated f o r  

t h e  f irst  t ime i n  1927, under l a b o r a t o r y  c o n d i t i o n s ,  and between 

1925 and 1930 t h e  h e a l t h  e f f e c t s  o f  r a d i o a c t i v e  m a t e r i a l s  i n  i n d u s t r y  

began t o  arouse  concern. By 1930, radium and mesothorium ( a  radium 

i s o t o p e )  had been shown t o  cause inflammation of t h e  bone ( o s t e i t i s )  

and bone sarcoma i n  workers exposed while p a i n t i n g  luminescent watch 



d i a l s  wi th  radium p a i n t .  Radon, a gas produced by t h e  r a d i o a c t i v e  

decay o f '  radium, was s t r o n g l y  suspected by 1930 o f  causing lung 

cancer i n  a r s e n i c  and uranium miners exposed i n  t h e  course  o f  t h e i r  

work. A monuinent t o  X-ray and radium v ic t ims  of a l l  c o u n t r i e s  

1 
c a r r i e d  169 names when it was ded ica ted  i n  Hamburg i n  1936. Many 

o t h e r s  remained anonymous. 

' A s  a r e s u l t  o f  these d i scover ies  o f  r a d i a t i o n  e f f e c t s ,  a  s e r i e s  

o f  n a t i o n a l  and i n t e r n a t i o n a l  i n s t i t u t i o n s  concerned wi th  r a d i a t i o n  

p r o t e c t i o n  developed dur ing t h e  f i r s t  four  decades o f  t h e  t w e n t i e t h  

century.  One of my primary concerns w i l l  be to relaLe t h e  

discovery o f  r a d i a t i o n  e f f e c t s  t o  t h e  evo lu t ion  o f  t h e s e  i n s t i t u t i o n s  

Radiat ion p r o t e c t i o n  recommendations f i r s t  began appearing i n  t h e  

medical r a d i o l o g i c a l  l i t e r a t u r e  around 1902. Before World. War I ,  

X-ray p r o t e c t i o n  and X-ray measurement, a  c l o s e l y  r e l a t e d  t o p i c ,  

had become coritinuing concerns of t h e  German Rtjntgen S o c i e t y ,  

which played a l e a d e r s h i p  r o l e  i n  t h i s  a r e a  a s  it d i d  i n  medical 

radiology a s  a whole. The Germans i s s u e d  t h e i r  f i r s t  formal s e t  

o f  p r o t e c t i o n  g u i d e l i n e s  i n  1913, a  precedent t h a t  t h e  B r i t i s h  

Rgntgen Soc ie ty  followed i n  1915. A f t e r  World War I ,  concern with 

radium a s  we l l  a s  X-ray p r o t e c t i o n  grew r a p i d l y  and l e d  t o  t h e  

es tabl ishment  o f  s e v e r a l  n a t i o n a l  p r o t e c t i o n  committees i n  t h e  e a r l y  

1920s. I n  1925, t h e  f i r s t  I n t e r n a t i o n a l  Congress o f  Radiology 

c r e a t e d  an I n t e r n a t i o n a l  Commission on X-ray Uni t s ,  and i n  1928 t h e  

second such Congress c r e a t e d  an I n t e r n a t i o n a l  Commission on X-ray 

and Radium P r o t e c t i o n .  By 1935, t h e  t e rmina l  d a t e  f o r  t h e  p resen t  

s tudy,  t h e  I n t e r n a t i o n a l  X-ray and Radium F r o t e c t i o n  Commission had 



e x p l i c i t l y  adopted a s  t h e  b a s i s  of i t s  X-ray p r o t e c t i o n  recommendations 

t h e  t o l e r a n c e  dose,  which w a s  thought t o  be a  dose below which no 

harmful e f f e c t s  would occur .  

The i n s t i t u t i o n s  concerned wi th  r a d i a t i o n  p r o t e c t i o n  b e f o r e  

World War I1 were l a r g e l y  p r o f e s s i o n a l  i n s t i t u t i o n s ,  not  governmental 

ones.  I t  was t h e  s c i e n t i f i c  and medical r a d i o l o g i c a l  communities, 

no t  adminis t ra t ive  o r  l e g a l  a c t i o n s ,  t h a t  promulgated t h e  p r o t e c t i o n  

recommendations. ' The h i s t o r y  o f  r a d i a t i o n  p r o t e c t i o n  before  World 

War I1 thus  o f f e r s  an oppor tuni ty  t o  s tudy how p r o f e s s i o n a l  mechanisms 

work i n  t h e  absence o f  p o s i t i v e  i n t e r v e n t i o n  by government a u t h o r i t i e s  

(though with  t h e  t h r e a t  o f  t h e i r  i n t e r v e n t i o n  o f t e n  p r e s e n t ) .  It 

might be p o s s i b l e  t o  view t h e s e  mechanisms as p a r t  o f  t h e  s e l f -  

r e g u l a t o r y  behavior t o  be expected o f  a  p r o f e s s i o n ,  bu t  a s  we s h a l l  

s e e  t h e i r  opera t ion  depended heav i ly  on what t h e  medical r a d i o l o g i c a l  

community viewed a s  t h r e a t s  from t h e  broader s o c i e t y  conveyed through 

t h e  c o u r t s ,  t h e  news media, and insurance companies. Unfor tunate ly ,  I 

s h a l l  no t  be a b l e  t o .  o f f e r  a  fu l l  h i s t o r y  o f  t h e  popular  r e a c t i o n  t o  X-rays, 

radium and t h e  i n j u r i e s  they caused,  but  I s h a l l  t r a c e  a t  c e r t a i n  

c r i t i c a l  junctures  p r o f e s s i o n a l  pe rcep t ions  o f  how t h e  p u b l i c  

viewed medical radiology and I s h a l l  show how t h e s e  p r o f e s s i o n a l  
- 

percept ions  provided a compelling motive f o r  r a d i a t i o n  p r o t e c t i o n  measures. 

The r e s u l t s  o f  t h i s  e f f o r t  t o  d e l i n e a t e  i n t e r a c t i o n s  between 

p r o f e s s i o n a l  behavior  and s o c i a l  demands cannot be  t r a n s l a t e d  

unthinkingly  t o  today ' s  problems. Though I s h a l l  argue t h a t  

r a d i a t i o n  p r o t e c t i o n  i n  t h e  p a s t  wac i n  larger parL a p r o f e s s i o n a l  

response t o  pub l ic  p r e s s u r e ,  it would be a mistake t o  conclude t h a t  I 

b e l i e v e  r a d i a t i o n  p r o t e c t i o n  could o r  should r e t u r n  t o  t h i s  p a t t e r n .  

A t  t h e  same t h e ,  I b e l i e v e  t h a t  many of  t h e  mechanisms t o  be discussed 



a r e  s t i l l  opera t ive ,  and t h a t  t h e  r e l i a n c e  on government a u t h o r i t i e s  

changes form more than  substance.  To be s u r e ,  government a u t h o r i t i e s  

today, t a k e  t h e  f i n a l  dec i s ions  on r a d i a t i o n  p r o t e c t i o n  s tandards .  

More o f t e n  than  n o t ,  however, t h e s e  dec i s ions  a r e  t h e  culmination 
. . 

of  a process  t h a t  has reached f a r  beyond. the  narrow c i r c l e s '  of those  

formal ly  respons ib le .  That wider process  r e l i e s  on p r o f e s s i o n a l  

mechanisms and pub l ic  p ressures  s t r i k i n g l y  s i m i l a r  t o  t h o s e  t h a t ,  

e x i s t e d  before  government a u t h o r i t i e s  became involved.  I t  i s  

reasonable ,  I t h i n k ,  t o ' s u g g e s t  t h a t  governmental involvement has 

not  removed dec i s ions  on cornpiex medical ,and t e c h n i c a l  i s s u e s  f r o u  

t h e  t u g  and p u l l  o f  p rofess iona l -pub l ic  i n t e r a c t i o n s ,  but  t h a t  t h e  

r o l e  o f  government i s  t o  absorb t h e  blows from each si'de and thereby 

prevent  t h e  adversa r ies  from doing each o t h e r  s e r i o u s  harm. 

Whatever t h e  r o l e  o f  government, we s t i l l  r e l y  on nongovernmental 

mechani.sms more than we are g e n e r a l l y  aware, not only  i n  r a d i a t i o n  

p r o t e c t i o n  bu t  a l s o  i n  o t h e r  a r e a s  where modern s c i e n c e ,  medicine 

and technology pose s e r i o u s  r i s k s  t o  s o c i e t y .  The c l o s e s t  p a r a l l e l s  

t o  t h e  problems t h a t  r a d i a t i o n  posed i n  t h e  p a s t  l i e  among t o d a y ' s  

concerns wi th  t h e  s a f e t y  and e f f i c a c y  of drugs ,  wi th  t h e  hazards o f  

food a d d i t i v e s ,  wi th  t h e  e f f e c t s  o f  occupat ional  exposure t o  i n d u s t r i a l  

and a g r i c u l t u r a l  chemicals,  and wi th  t h e  e f f e c t s  o f  non-occupational 

exposure t o  environmental chemicals. Looser, but  s t i l l  s u b s t a n t i a l  

ana log ies  can be drawn with  o t h e r  ins tances  where science-based 

' technology and medicine pose s o c i a l  r i s k s  o f  uncer ta in  magnitude. 

I n  t r a c i n g  t h e  r i s e  o f  rad ia . t ion  prote 'c t ion through i n t e r n a t i o n a l  

agreement among p r o f e s s i o n a l s  on t h e  t o l e r a n c e  dose,  I hope i n  p a r t  



t o  b r i n g  c u r r e n t  even t s  i ~ ~ t o  a deeper pe rspec t ive .  I n  t h i s  

p e r s p e c t i v e ,  s o c i a l  c o n t r o l  over  modern medicine and technology no 
. . 

longer  looks  utopian.  I t  looks  i n s t e a d  l i k e  a harsh r e a l i t y  wi th  

which we have been l i v i n g  f o r  a long t ime,  and from which we cannot 

escape.  The important ques t ions  f o r  t h e  f u t u r e  a r e  "which p a r t s  o f  

s o c i e t y  should be involved?" and "how much c o n t r o l  i s  adequate?" 

I n  undertaking ' the  p resen t  case  s tudy ,  I have been guided by " 

a number of' fundamental assumptions concerning modern sc ience  and 

i t s  i n t e r a c t i o n s  wi th  medicine, technology and s o c i e t y .  Medicine 

and technology a r e  today o f t e n  assumed t o  be s c i e n t i f i c  endeavors,  

and t h e  a p p l i c a t i o n  o f  s c i e n t i f i c  knowledge i s  considered rou t ine . '  By 

c o n t r a s t ,  I have assumed t h a t  sc ience  and medicine a r e  s o c i a l l y  d i s t i n c t  

i n s t i t u t i o n s ,  t h a t  they i n  some important r e s p e c t s  u t i l i ' z e  d i f f e r e n t  

c r i t e r i a  i n  coming t o  conclus ions ,  and t h a t  t h e  a p p l i c a t i o n  o f  

s c i e n t i f i c  knowledge o r  t h e  use of s c i e n t i f i c  methods i n  medicine 

(and i n  technology) i s  t h e r e f o r e  a complex process  invo lv ing  d i f f e r e n t  

community percept ions  and s tandards .2  I s h a l l  d i s t i n g u i s h  between 

t h e  s c ' i e n t i f i c  and medical r a d i o l o g i c a l  communities no t  on t h e  b a s i s  

o f  s t a t e d  i n t e n t i o n s  of i n d i v i d u a l  a u t h o r s ,  bu t  r a t h e r  on t h e  b a s i s  

of occupat ional  r o l e s ,  i n s t i t u t i o n a l  a f f i l i a t i o n s ,  and journa l s  

u t i l i ~ e d . ~  One might a l s o  t h i n k  o f  us ing t h e  d i f f e r e n t  c i t a t i o n  

p a t t e r n s . t h a t  P r i c e  has claimed c h a r a c t e r i z e  sc ience  and technolo@;y, 

on t h e  assumption t h a t  medicine might resemble technology more than  

sc ience .  I suspec t ,  however, t h a t  t h e  medical r a d i o l o g i c a l  - l i t e r a t u r e  

would show t h e  cumulative p a t t e r n  and exponent ia l  growth t h a t  

Prioe views as c h a r a c t e r i z i n g  s c i e n t i f i c  p u b l i c a t i o n  from a very 



early date, as it does today.4 I agree with Price's basic point-- 

that technology (and, I believe, medicine) should be presumed 

independent of science until proved otherwise--but one must 

recognize that a nonscientific community, thinking of itself as 
. . 

'scientific, may put a good deal of effort into citing the contemporary 

scientific literature and into copying the scientists' citation 

pattern. 

With the nptions of "scientific" medicine and "scientific" 

technology often comes the assumption that medical and technical 
. . 

decisions can be made on a "scientific" basis. I assume that 

medical and technical decisions with social impacts are usually 

made under conditions of uncertainty, and that many factors besides 

reason can therefore enter into consideration. Accordingly, I do 

not treat science, medicine and technology as institutions entirely 

separate from the rest of society. One need not doubt the dedication 

of a profession or of its practitioners to lofty goals in order to 

recognize that professional institutions and their members are 

interacting continuously with social pressures. I assume that these 

pressures can affect not only the status and prerogatives of the 

profession, but also its intellectual development. One especially 

important aspect of the intellectual development of a discipline is 

its interactions with other disciplines, and I shall assume that 

social pressures as well as the inherent character of the subject 

matter can play a major role in the formation of interdisciplinary 

endeavors.. Another important aspect of intellectual development 

within a discipline is its international character. Here, too, I 



shpil ass- that more than the subject matter is involved, Ad. 
that international cooperation depends on social pressures both 

within and outside a profession. 

The degree to which I can demonstrate the validity of these 

assumptions even within the narrow confines of radiation protection 

is limited, but I ask the reader's indulgence in suspending his 

disbelief . . and in following the detailed story of this very small 

segment of modern history. I am convinced that in the present 

state of the historiography case studies can shed more light on 

such basic issues than the more usual broad-ranging discussions under 

the rubrics "science and society" or "science and politics." The 

single most dramatic case of interactions between science and 

society is surely the atomic bomb, but for all the vast literature 

on this subject I think it has been singularly unproductive of 

interesting insights. Of other specialized studies, I would cite 

James Whortonls Before.Silent Sprinq and Richard French's 

Antivivisection and'Medical Science in Victorian Society as two that 

point in interesting directions. Neither, however, tries hard 

enough to draw general implications from the.particular cases. Such 

studies will, in my view, be more fruitful the more they are able 

to keep broader questions in focus while delving into the complexit.ies 

of a special case. The task, as I know only too well, is not an 

easy one. 

Let me state the bare outlines of the story that follows. 

In Chapter.1, I describe the separate development of scientific and 

medical rapiolotzy in the first forr ycars after 1096. haalum will be 



introduced only b r i e f l y ,  and i n  t he  next two chapters  it w i l l  play . 

a c o n t r a p k t a l  r o l e .  I n  Chapter 2 ,  I . sha l l  d i scuss  t h e  i n i - t i a l  

r e a c t i o n s ' t o  the-disc .avery t h a t  exposure t o  t h e  X-ray tube had 

b io log ica l  e f f e c t s ,  and i n  t h e  process t h e  s u b s t a n t i a l  e f f e c t s  of  

publ ic  concern on profess iona l '  behavior w i l l  become apparent .  
. . 

In  Chapter 3, t h e  f i r s t  decade of r ad i a t ion  pro tec t ion  a s  a 

profess iona l  concern w i l l  b r ing  t o  t h e  fo re  t h e  i s sue  of physician 
. . 

con t ro l  over rad io logica l  ' p r ac t i ce  and' t h e  i s sues  of p ro t ec t ion  and 
. . 

measurement techniques i n ' t h e  c l i n i c .  Pre-war developments i n  

science t h a t  would l a t e r  be important t o  medical radiology w i l l  be 

discussed i n  Chapter 4, which w i l l  a l s o  descr ibe i n  general  terms 

t h e  impact of t h e  War on medical radiology. Only i n  Chapter 5 w i l l  

t h e  science of  radiology, p a r t l y  a s  a r e s u l t  of World War I., 

cont r ibu te '  s u b s t a n t i a l l y  t o  t h e  medical appl ica t ions  of  X-rays. 

Also i n  Chapter 5 ,  radium pro tec t ion  w i l l  come t o  be t r e a t e d  on a 
. . 

par  with x - r aypro tec t ion .  Radiation measurement and pro tec t ion  w i l l  

become subjec ts  of i n t e r n a t i o n a l  cooperat'ion i n  Chapter 6 , . 'but  only 

a f t e r  a  per iod of in tense .na t iona l i sm.  Phys i c i s t s ,  and a newly 

evolving group of phys ic ian-spec ia l i s t s ,  w i l l  be c r i t i c a l  t o  t h i s  

development. Chapter 7 i n  t h e  cur ren t  t e x t  i s  merely a  preliminary 

sketch of quest ions t o  be d e a l t  with more f u l l y  i n  t h e  fu ture .  It 

w i l l  reconsider  a  key theme emerging from t h e  e a r l i e r  chapters ,  

namely the  separa t ion  between t h e  labora tory  and t h e  c l i n i c ,  i n  t h e  
. . 

context 'of radiation-induced mutation. It  w i l l  a l s o  discuss  t he  
. . 

r e l a t i o n s h i p  between t h i s  discovery and contemporary p o l i t i c s ,  which 

had a  g rea t  dea l  t o  do with t h e  way i n  which uncer ta in ty  over t he  



importance of genetic effects was resolved. 
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Chapter 1: I n t r o d u c t i o n  

Wilhelm Conrad ~ G n t ~ e n ' s  d iscovery o f  X-rays i s  an a rche typa l  

s t o r y  o f  modern sc ience :  t h e  lone  resea rch  worker i n  an e s o t e r i c .  

f i e l d ,  t h e  observa t ion  o f  a phenomenon o t h e r s  had missed, t h e  

f e v e r i s h  weeks o f  exper imentat ion,  t h e  rush t o  p u b l i c a t i o n ,  t h e  

enormous p o t e n t i a l  f o r  a p p l i c a t i o n s  beyond t h e  narrow sphere  i n  

which t h e  discovery o r i g i n a t e d ,  and t h e  widespread p u b l i c  .enthusiasm. 

This  c l a s s i c  s t o r y  has o f t e n  been t o l d ,  and I need only  r e c a l l  a 

few s a l i e n t  p o i n t s  .l REntgen, a p r o f e s s o r  o f  physics  a t  t h e  Univers i ty  

of Wiirzb~&g, had been experimenting with cathode r a y s ,  which were 

p r 0 d u c e d . b ~  a high vo l tage  e l e c t r i c  d ischarge a t  t h e  nega t ive  p o l e  

( o r  ca thode)  o f  a p a r t i a l l y  evacuated g l a s s  b u l b ' o r  tube.  The 

p r e c i s e  na tu re  o f  cathode r a y s ,  which today we regard as e l e c t r o n s ,  

was then  i n  d i spu te .  The des igna t ion  "ray" merely impl ied t h a t  

whatever t h e i r  n a t u r e ,  cathode rays  propagated i n  s t r a i g h t  l i n e s ,  

l i k e  the .  rays  o f  l i g h t .  P h i l i p p  Lenard, a young p h y s i c i s t  a t  Bonn, 

had found t h a t  he could make cathode rays  pass  through a t h i n  metal  

f o i l  i n s e r t e d  l i k e  a window i n t o  t h e  g l a s s  w a l l  o f  t h e  discharge 

tube .2  Thus a l e r t e d  t o  t h e  p o s s i b i l i t y  of r ays  o u t s i d e  t h e  tube ,  

R6ntgen l a t e  i n  1895 found much more p e n e t r a t i n g  rays  t h a n  those  

Lenard had observed.  These new rays  o r i g i n a t e d  wherever t h e  cathode 

rays  s t r u c k  t h e  wa l l  o f  t h e  discharge tube  r e g a r d l e s s  o f  whether 

it was equipped with a f o i l  window. Like cathode rays .  R6ntgenfs  

new rays  exposed photographic p l a t e s  and could not  be r e f l e c t e d  

o r  r e f r a c t e d ,  but  un l ike  cathode rays  they could  a l s o  no t  be  

deflected by a magnet and t h e i r  absorp t ion  i n  mat te r  d i d  not  appear 

t o  depend s o l e l y  on d e n s i t y .  



The apparatus  requ i red  t o  produce x-rays w a s  widely a v a i l a b l e  

i n  t h e  1 8 9 0 s ~  and t h e  equipment used by Rbntgen d i f f e r e d  i n  only 

small ways from t h a t  o f  h i s  predecessors  and successors .  Centra l  

t o  t h e  apparatus  was t h e  discharg; t u b e ,  which w a s  an evacuated 

g l a s s  bulb  wi th  metal  e l e c t r o d e s  s e a l e d  i n t o  i t s  w a l l s .  Glass- 

blowers .had been making such tubes  f o r  p h y s i c i s t s  s i n c e  t h e  1850s. 

Rontgen had purchased some of h i s  tubes  commercially, and both  

s c i e n t i f i c  and medical radiology soon depended heav i ly  on commercial 

tube  manufacturers.  ~ 6 n t ~ e n  permi t t ed  h i s  cathode 'rays t o  s t r i k e  

t h e  g l a s s  wa l l  of t h e  tube ;  s h o r t l y  a f t e r  h i s  d iscovery,  it became 

s tandard  t o  a l low them t o  s t r i k e .  a metal  t a r g e t  ( t h e  a n t i c a t h o d e )  

p laced  i n  t h e  c e n t e r  of t h e  t u b e ,  a procedure t h a t  produced a 

h igher  i n t e n s i t y  of X-rays. To evacuate h i s  t u b e ,  Rbntgen used a 

s e l f - a c t i n g  vers ion  o f  a common vacuum pump i n  which l i q u i d  

mercury f a l l i n g  repea ted ly  i n  a tube wi th  a c losed  end c r e a t e d  a 

vacuum. Rontgen kep t  t h e  tube a t t ached  t o  t h e  plrmp i n  o rder  t o  

mainta in  a s u f f i c i e n t l y  high vacuum, bu t  t h i s  procedure soon 

became unnecessary. The vacuum could be made high enough, and t h e  

s e a l s  t i g h t  enough, t o  permit  a tube t o  be evacuated i n  advance by 

t h e  manufacturer.  Var ia t ions  i n  t h e  vacuum, however, s t r o n g l y  

a f f e c t e d  t h e  ou tpu t  of X-rays. A s  a tube warmed up, t h e  vacuum 

g e n e r a l l y  became worse (as t h e  occluded gas was r e l e a s e d  from t h e  

e l e c t r o d e s  and t h e  w a l l s )  and then b e t t e r , ,  and over  i t s  l i f e t i m e  

a tube  g radua l ly  became s o  h igh ly  evacuated t h a t  it could no longer  

be exc i t ed .  U n t i l  t h e  inven t ion  o f  t h e  Coolidge t u b e ,  which I s h a l l  

desc r ibe  i n  Chapter 4 ,  a good d e a l  of s k i l l  and ingenu i ty  were 



a p p l i e d  t o  inven t ing  devices  f o r  keeping t h e  vacuum wi th in  workable 

l i m i t s .  To e x c i t e  h i s  d ischarge . tube ,  Rijntgen used a Ruhmkorff 

c o i l ,  which was one o f  t h e  s t andard  induc t ion  c o i l s  o f  t h e  day; i t .  

continued ' in  use f o r  more than  a decade a f t e r  1896. Th is  c o i l  

converted a low-voltage c u r r e n t  o f  about 20 amperes t o  a much 

h igher  vo l tage  c u r r e n t  o f  s e v e r a l  mill iamperes.  Rijntgen might 

a l s o  have used, as some o f  h i s  successors  d i d ,  a genera to r  o f  

. s t a t i c  ' e l e c t r i c i t y  (an  i n f l u e n c e  machine) t o  produce t h e  'high-voltage 

e l e c t r i c '  d ischarge.  Both Ruhmkorff c o i l s  and induc t ion  c o i l s  were 

r e a d i l y  a v a i l a b l e  from e l e c t r i c a l  equipment manufacturers.  

Thus t h e r e  was nothing unique about R6ntgen1s equipment, and 

it would soon become even more r e a d i l y  a v a i l a b l e  than  it had been 

before  1896. Rijntgen submitted a paper f o r  p u b l i c a t i o n  des 'cribing 

h.is f ind ings  i n  l a t e  1895.3 On New Year 's  Day of  1896, he s e n t  

r e p r i n t s  o f  t h i s  "prel iminary communication" t o  co l l eagues ,  enc los ing  

wi th  some of  t h e s e  r e p r i n t s  photographs demonstrating t h e  a b i l i t y  

o f  X-rays t o  p e n e t r a t e  mat te r .  The most s p e c t a c u l a r  o f  t h e  photo- 

graphs showed t h e  bones o f  a hand; such photographs would soon 

become a s  we l l  known t o  t h e  world o f  t h e  1890s as  photographs o f  

t h e  e a r t h  taken from space were t o  t h e  1960s.  One of t h e  r e p r i n t s  

and a s e t  of photographs f e l l  i n t o  t h e  hands o f  a Viennese news- 

paperman who wrote an account o f  t h e  discovery t h a t  sp read  r a p i d l y  

from Vienna t o  London, New York, P a r i s ,  and from t h e r e  t o  t h e  r e s t  

o f  t h e  world.  Before t h e  end o f  t h e  f i r s t  week o f  1896 t h e  news of  

X-rays was known throughout Europe and t h e  United S t a t e s .  

R8ntgcil llas been cele 'bra ted ever  s i n c e  h i s  d iscovery f o r  h i s  

c o n t r i b u t i o n  t o  medicine a s  w e l l  a s  t o  physics .  Medical i n t e r e s t  i n  



X-rays l a y  i n i t i a l l y  i n  t h e i r  d iagnos t i c  p o t e n t i a l ,  which had been 

d i scussed  even i n  t h e  f i r s t  newspaper r e p o r t s  o f  t h e  discovery.  Within 

a , f e w  weeks, both  physic ians  and nonphysicians r e p o r t e d  numerous 

d iagnos t i c  successes .  From swallowed p ins  and pennies a t t e n t i o n  

s h i f t e d  quickly  t o  embedded b u l l e t s ,  broken l imbs,  kidney s t o n e s ,  and 

s o f t  t i s s u e s ,  some of which were r e a d i l y  made v i s i b l e  by t h e  i n j e c t i o n  

of opaque substances .  A l a r g e  number o f  examinations was undertaken 

t o  determine what a given p a t h o l o g i c a l  cond i t ion  might look l i k e  i n  

t h e  sometimes decept ive  shadow images Chat X-rays p r o j e c t e d  on t o  a 

photographic p l a t e  ( radiography)  o r  on t o  a f l u o r e s c e n t  sc reen  ( rad io -  

scopy) .  $ The demand f o r  ref inements  i n  technique was met wi th  a f lood  

o f  inven t ions .  Contras t  media, devices  f o r  t a k i n g  s te reoscop ic  

p i c t u r e s ,  l o c a l i z a t i o n  techniques  f o r  fo re ign  bod ies ,  r e g u l a t o r s  t o  

c o n t r o l  t h e  vacuum i n  t h e  X-ray t u b e ,  and improved X-ray p l a t e s  and 

f i l m s  were o f t e n  invented independently i n  s e v e r a l  d i f f e r e n t  p l a c e s .  

The reason f o r  simultaneous discovery was not  a common resea rch  

t r a d i t i o n  but  r a t h e r  a common s e t  o f  t echnolog ica l  c a p a b i l i t i e s .  New 

techniques  developed from s c a t t e r e d  beginnings ,  smal l  improvement by 

s m a l l  improvement. With hundreds o f  people c o n t r i b u t i n g ,  o v e r a l l  

4 progress  w a s  r a p i d .  

The r e l a t i o n s h i p  between t h e s e  e a r l y  developments i n  d i a g n o s t i c  

technique and contemporary phys ica l  knowledge r a i s e s  i s s u e s  of genera l  

i n t e r e s t .  It i s  o f t e n  assumed t h a t  a technique based on s c i e n t i f i c  

d iscovery n e c e s s a r i l y  r e l i e s  heav i ly  on s c i e n t i f i c  knowledge, and t h a t  

such a technique thereby o f f e r s  t h e  c e r t a i n t y  i n  i t s  r e s u l t s  t h a t  i s  

a s s o c i a t e d  with t h e  under lying sc ience .  There a r e ,  of course ,  techniques 

t h a t  do r e l y  heav i ly  on sc ience  i n  both  medicine and technology: t h e  

r e l i a n c e  o f  immunology on b a c t e r i o l o g y ,  and o f  t r a n s i s t o r  technology 

on s o l i d  s t a t e  phys ics ,  may se rve  a s  examples. This p a t t e r n  i s  
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no t ,  however, a  necessary one. X-rays were unquestionably " sc i en t i f i c "  

i n  pedigree; they were discovered by an academic phys ic i s t  working 

within a scholar ly  t r a d i t i o n  of experimentation with cathode ray tubes.  

Rijntgen , however, made medical radiology possible  without contr ibut ing 

f u r t h e r  t o  it. He and h i s  colleagues i n  physical  l abo ra to r i e s  general ly  

l e f t  t h e  development of medical appl icat ions t o  o the r s ,  and the  

r e l a t i v e l y  few technica l  innovations t h e  phys i c i s t s  o f f e red  d id  not 

.usually r e l y  on the  spec ia l ized  knowledge of t h e i r  d i sc ip l ine .  For 

more than two decades, advances i n  diagnost ic  radiology were more 

o f t en  t h e  r e s u l t  of br icolage than of appl ied science.  

Si lhi lar ly ,  the  discovery t h a t  exposure t o  an X-ray tube could 

cause "physiologicalw e f f e c t s ,  a s  t he  e f f e c t s  we would now term 

"biological" were then ca l l ed ,  was independent of both physical  

and b io logica l  science.  I n  t h e  f i r s t  few months of 1896, severa l  

i nves t iga to r s ,  thinking t h a t  X-rays resembled u l t r a v i o l e t  l i g h t ,  

had an t ic ipa ted  t h a t  they might a f f e c t  bac t e r i a .  The experiments 

undertaken t o  t e s t  t h i s  expectation yielded negative r e s u l t s .  X-rays 

did not appear t o  k i l l  bac t e r i a ,  as  had been hoped, o r  even t o  l i m i t  

t h e i r  growth.6 A t  about t h e  same time t h a t  t h i s  disappointment was 

becoming apparent,  t h e  f i r s t  repor t s  of o the r ,  unant icipated,  bio- 

l o g i c a l  e f f e c t s  began t o  appear. A number of diagnost ic  p r a c t i t i o n e r s  

reported t h a t  pa t i en t s  were suf fer ing  from l o s s  of h a i r  ( e p i l a t i o n )  , 

reddening and inflammation of t he  sk in  (usua l ly  termed "erythema" ) , 

and a  more severe dermat i t i s  resembling a  t h i r d  degree burn.7 Both 

p rac t i t i one r s  and pa t i en t s  were surpr i sed  t h a t  t h e  e f f e c t s  of ten  

cppeared a f t e r  a  delay, sometimes of hours and sometimes of days 



o r  weeks, but  t h e  appearance of ep i l a t i on ,  erythema and dermat i t i s  

on p a r t s  of t he  body t h a t  had been close t o  t he  X-ray tube during 

i r r a d i a t i o n  made it c l e a r  t h a t  t he  tube was in.some way responsible.  

Thus. it was. c l i n i c a l  acc ident ,  and 'not s c i e n t i f i c  knowledge, t h a t  

f i r s t  brought t h e  b io logica l  e f f e c t s  of exposure t o  t he  X-ray tube 

t o  l i g h t .  
. .  . 

Dermatologists, already emerging a s  a spec i a l ty  group within 

medicine,. seized t h i s  discovery a s  a proniising t o o l  and.appl ied 

the  x-ray tube t o  the  treatment of a wide va r i e ty  of sk in  .diseases .  

Sometimes the  X-ray tube worked, espec ia l ly  i n  conditions such as 

eczema, lupus vulgar i s  ( tuberculos is  of t he  s k i n ) ,  and hypertr ichosis  
" I 

8 
(excessive growth of h a i r ) .  The success i n  t h e  treatment of 

. . . . . (. : 

, lupus. vu lgar i s  , . which .was known t b  be  caused.. by the  t u b e r c l e .  ; . . 
,.. 

. . 
baci.lJ&, stood i n  d i r e c t  contradict ion t o  what l i t t l e  waS known 

from experiments about t he  e f f e c t  of X-rays on bac t e r i a .  The 

contradict ion prompted fu r the r  experimentation, but it did not slow 

t h e  therapeut ic  use of t he  X-ray tube i n  cases of  lupus vulgar i s  and I 
other  b a c t e r i a l  skin diseases  .9 By 1900, success with rodent u l ce r ,  

a tumor of e p i t h e l i a l  c e l l s ,  had been reported.10 With t h e  s h i f t  

i n  medical and popular a t t e n t i o n  around the  tu rn  of t he  century 

from tuberculosis  t o  cancer, X-rays took on g rea t e r  promise i n  both ~ 
11 

t h e  professional  and the  publ ic  mind. The p o s s i b i l i t y  of a cancer 

cure was t o  remain a major f a c t o r  i n  t he  growth of b io log ica l  and 1 
I 

medical work with X-rays, and l a t e r  with radium. 



Progress in X-ray therapy, as in diagnosis, was largely the 

result of small contributions, many of which were made independently 

in several places. I shall discuss in Chapter 2 some of the thinking 

behind these efforts, but it would be a mistake to put too much 

weight on theory or experiment in the early development of X-ray 

therapy. Trial and error, only occasionally guided by conceptions 

of the nature of X-rays and their interactions with biological 

material, was the basic technique. The standard that prevailed 

among practitioners was not intelligibility, but effectiveness . 
It mattered little whether the biological effects of the X-ray 

tube could be understood. If the treatment worked, it could be 

used, regardless of the state of the related scientific research. 

The subject of treatment was the patient, and the results were 

reported as case histories. A physician might append a few words 

at the end of an article speculating that the effects of X-rays 

on biological material were similar to their effects on the photo- 

graphic plate, and therefore chemical or "actinic" in character. 

Or he might guess that the biological effects were essentially 

trophoneurotic, affecting the electrical condition of the nervous 

system first and only secondarily causing damage to other tissues. 12 

But on the whole these speculations remained at, a very general level, 

often testifying more to the assumption that biological facts 

could be explained in physical terms than to any continuing interest 

in unraveling the detailed mechanisms at'work. 



Why was scientific input into medical radiology so meager? 

Especially in Germany, where there was a long tradition of close 

connections.between science and medicine, practical applications of 

physical and chemical'knowledge might be expected. The annual 

Conferences of German Scientists and Physicians had .been meeting. 

since 1822, and RBntgenl s "preliminary communication" had been 

published in the Proceedings of the Physical-Medical Society of . . 

Wiirzburg; a society devoted to invigorating medicine with scientific 

methods. l3 The 'explanation for the paucity of' applied science even 
. I 

in this science-based branch of medicine is two-fold: neither bio- 

logy nor ,pLysics had much. to offer in these earl$ years of the use 

of X-rays in medicine, and medicine could not make ready use of the 1 
limited scientific knowledge available. X-rays had taken everyone . . 

.., . . 
.. ' by surprise. . . 

. . .. .. 
. . 

The physicist faced three interrelated problems : the nature 

of the X-rays; the processes generating them in a discharge tube; 

and the mechanism of the interaction of X-rays with matter. In I 
1897 and 1898 a theory treating these problems emerged that by 

1900 achieved widespread acceptance among physicists. This theory I 
treated the X-rays as electromagnetic pulses generated by the 

deceleration of cathode rays, which were by then viewed as streams I 
of negatively charged particles. If in passing through matter, 

X-rays interacted primarily with elastically bound electrons, such 

pulses might be very penetrating .and also cause the known emission 

of secondary X-rays. This pulse theory was occasionally challenged 

by those physicists who believed X-rays to be particles arising 1 



from t h e  discharge of cathode rays when they s t ruck  a s o l i d  body, 

and i n  1907 the  English phys ic i s t  ~ i l l i a m '  Henry Bragg would 

p r e c i p i t a t e  a major controversy over t h e  nature of X-rays (and the  

gamma rays of radium) with t h e  claim t h a t  they were p a r t i c l e s  . ra ther  

than pulses.  The pulse  theory,  however, remained dominant u n t i l .  - 

a t  l e a s t  1912. l4 

Productive though it was of  physical  experiment and discovery, 

t he  pulse  theory had l i t t l e  t o  o f f e r  medical p r a c t i t i o n e r s .  Even 

P f  they .understood the  theory,  as  on the  .whole they - d i d  not ,  those 

who were us:ing X-rays f o r  therapy and diagnosis had no m&s of 

l ink ing  t h e i r  b io log ica l  mater ia l s  w i t h  t he  p h y s i c i s t ' s  p ic ture  

of matter.  Not u n t i l  well  a f t e r  1900 d id  research on t h e  biochemical 

e f f e c t s  of rad ia t ion  prove f r u i t f u l .  The co l lo ida l  aggregate 

theory of pro te ins  would eventually provide a bridge.between t h e  

physical  process of ion iza t ion  and the  observed b io log ica l  e f f e c t s .  

I n  t h e  years before 1900, however, medical use of X-rays es tab l i shed  

i t s e l f  without any f i rm l i n k  t o  s c i e n t i f i c  theory and experiment. 

Biology and physics took longer t o  make something usefu l  of t h i s  

discovery than d id  medicine, which put it t o  work almost immediately. 

S imi la r ly ,  radium had been put  t o  use i n  medicine without r e ly ing  

on s c i e n t i f i c  knowledge soon a f t e r  i t s  discovery i n  1898. P i e r r e  

and Marie Curie made t h e i r  discovery of t h i s  rad ioac t ive  element 

while t r y i n g  t o  f i n d  the  reason f o r  t he  surprising2y. i n t e n s e  _emission 

from the uranium ore  pitchblende of rays s imi l a r  t o  X-rays.15 

Phys ic i s t s  would continue t o  dispute  whether t he  rays emitted by radium 



were i d e n t i c a l  t o  X-rays, but physicians were already r e f e r r i n g  

by 1900 t o  t he  " r a d i ~ a c t i & t ~ ~ ~  of t he  X-ray tube. Both newly 

discovered phenomena a f f ec t ed  -photographic p l a t e s , .  caused fluorescence , 

and ionized air.. It was a small s tep .  t o  imagine t h a t  radium, l i k e  

t h e  X-ray .tube, might have b io logica l  e f f e c t s .  Once s u f f i c i e n t  

quan t i t i e s  'of radium became ava i lab le ,  it was . another . s m a l l .  s t e p  

t o  t h e  relevant  t r i a l s .  A s e r i e s  of repor t s  i n  1900 and 1901 put 

t he  matter beyond doubt: radium, l i k e  the  X-ray tube, could 

"burn."l6 Radiixn was then quickly appl ied i n  therapy, beginning 

as  X-rays had with dermatological ailments.  

Medical i n t e r e s t  i n  radium increased fu r the r  with the  discovery 

, ' : '  , .  t h a t  a radioact ive gas,  known today as  radon but then ca l l ed  "radium. . .,, 

. . emanation," was present  i n  t h e  atmosphere, i n  s o i l ,  and mineral 
. . . . .  . . . . 

springs.  l7 I n  Continental Europe, mineral springs were frequently'  

used i n  therapy, and it appeared reasonable t o  suggest t h a t  t he  

cura t ive  e f f e c t s  of drinking and bathing these  waters might depend 

on the  presence of radium emanation. The measurement of t h e  

emanation dissolved i n  mineral waters. soon became a minor outdoor 

spo r t ,  with wide surveys conducted i n  France, Germany and Austr5.a. 

Badium s t i l l  posed fundamental problems f o r  both phys ic i s t s  

and chemists. The notion t h a t  i t s  r ad ioac t iv i ty  arose from the  

transmutation of one element i n t o  another,  a notion t h a t  we today 

regard as  t rue ,  was put forward around t h e  t u r n  of t h e  century, but  



t h e  Curies continued t o  be l ieve  i n  t h e  theory t h a t  had l e d  them t o  

use t h e  term "radioactive."18 This theory held t h a t  t h e r e  were 

highly penetrat ing rays throughout space t o  which c e r t a i n  elements, 

t h e  radioact ive ones, were , sens i t ive ,  and from which they could 

ex t r ac t  energy t h a t  was re-emitted as Becquerel rays.  Debate on 

t h i s    fundamental s c i e n t i f i c  problem, however, had no d iscern ib le  

bearing on t h e  medi,cal uses of radium and radium emanation, which 

developed apace on t h e  bas i s  of c l i n i c a l  t r i a l s .  

Despite . t h e i r  i n i t i a l  l ack  of grounding i n  contemporary science,  

X-ray diagnosis and X-ray and radium therapy were c l i n i c a l  successes 

and spread rapidly.  Well before 1900, diagnost ic  X-rays were pre- 

r e q u i s i t e  t o  many su rg i ca l  procedures.19 By e a r l y  1901, one American 

hosp i t a l  had made 8000 diagnost ic  X-ray exposures i n  3000 cases.  
20 

I have unfortunately been unable t o  f i nd  any contempor'ary da ta  on the  

number of X-ray p rac t i t i one r s ,  but  I would guess t h a t  by 1900 the re  

were a t  l e a s t  severa l  hundred diagnostic X-ray i n s t a l l a t i o n s  i n  each of t h e  

countr ies  of primary concern, namely Austr ia ,  England, France, 

Germany and the  United S ta t e s .  X-ray and radium therapy were l e s s  

widely used, but  the  success of X-ray therapy i n  t r e a t i n g  a number 

of dermatological ailments was well  es tab l i shed  by 1900, and radium 

emanation during t h e  f i r s t  few years a f t e r  the  t u r n  of t h e  century 

was beginning t o  be admini,stered by bathing, drinking and inha la t ion  

a t  hea l th  spas.  X-ray i n s t a l l a t i o n s  appear t o  have been espec ia l ly  

common, as  one would expect,  i n  R6ntgen1s Germany; i n  t h e  Curie 's  

France, radium was r e l a t i v e l y  more important t o  medical radiology. 



Medicine i s  i n  p a r t  an econpmic pu r su i t ,  and ne i the r  t h e  

leg i t imate  p rac t i t i one r s  nor t he  considerable number of quacks could 

have survived, much l e s s '  t h r i v e  a s  they did,  without .public support. 

An i n i t i a l  burst  of public enthusiasm, and continuing pfiblic i n t e r e s t ,  

encouraged t h e  adoptcon of medical techniques . tha t  required 

. . investments , a l b e i t  modest ones, i n  spec ia l ized  equipment. 21 New 

c l i n i c s ,  within hospi ta i s  and outs ide,  grew up quickly. s p e c i a l i s t s ,  
. . 

a l e r t  t o  new techniques t h a t  could e s t ab l i sh  t h e i r  competitive 

edge over t h e  general p rac t i t i one r s  more f i rmly,  were quick t o  

i n s t a l l  X-ray apparatus,  and hea l th  spap vigorously advert ised t h e  

radium content of t h e i r  waters. To appreciate  thg impact of t h e  

negative publ ic  react ion t h a t  I discuss below, it i s  important t o  

r e a l i z e  t h a t  'acceptance of  X-rays .and radium was very rapid.  The 
. . .. . . . 

vested i n t e r e s t  i n  t h e i r  continuing use,  though small i n  economic 

terms, was s ign i f i can t  f o r  the  individual  X-ray p rac t i t i one r s ,  

hea l th  spas,  mid equipment manufacturers. 

Growth of medical radiology under popular pressure put s t r a i n s  

on t h e  professional  mechanisms available; which i n  any case were not 

wel l  su i t ed  t o  t h e  d i f f i c u l t i e s  X-rays and radium posed. Only i n  

Austr ia  ,, where medicine was t i g h t l y  professional ized and acutely 

aware of i t s  prerogat ives ,  d id  physicians gain immediate and exclusive 

con t ro l  of t he  medical uses of X-rays and radium. I n  England, France, 

Germany and the  United S t a t e s ,  nonphysician p rac t i t i one r s  hung out 

t h e i r  shingles ,  primarily f o r  diagnostic work with X-rays. The 

question of physician cont ro l  over t he  use of x-ray& was t o  continue, 

a s  we s 'hal l  see ,  t o  pose problems. Whatever t he  meri ts  of t he  



case later, the surging demand in the first few years after 1896 

permitted nonphysicians with photographic, electrical and glass- 

blowing skills to compete effectively. The nonphysicians survived 

in part because physicians referred patients to them, and also 

because hospitals often employed nonphysicians to run their diagnostic 
I 

X-ray units. With the exception of physicians who before 1896 had 

been using electricity to diagnose and to treat their patients, a 

group of which we shall say more in Chapter 2, physicians were not 

well equipped to use X-rays. However important it might be for 

diagnosing and treating disease, a medical degree rarely testified 

to the types of skills required in building and maintaining high 

vacuum electrical discharge tubes and the auxiliary equipment. 

While straining the existing professional mechanisms, the use 

of X-rays in medicine also generated new institutions. Often 

young, the devotees saw in X-rays an opportunity to be first in 

discovery and to advance rapidly. The intense interest led to 

the establishment of Rijntgen Societies in Britain (1897), Germany 

(formed initially in Berlin but expanded to a national society in 

1905) and the United States (1900). The British and German 

Rantgen Societies will prove especially important to the history 

of radiation protection because they permitted physicians and non- 

physicians to participate on an equal footing. Membership in the 

French Society for Medical Radiology (founded in 1909 by an ex- 

pansion of the Parisian Society for Medical ~adiology) was limited 

to physicians, and the American R6ntgen Ray Society restricted 

nonphysicians to a lower category of metiibership. 



In addition to these professional societies, medical use of 

X-rays (and later radium) created a new professional literature. 

The volume of articles on.medica1 applications of X-rays and on 

the associated equipment was .unprecedented. Within two years, the 

medical radiological literature was outgrowing the capacity of 

the existing medical.journals, and a number, of specialty journals 

were established in,the first decade after 1896. In Germany, the 

Fortschritte auf dem Gebiete der Rbntgenstrahlen was founded' in 

1897, and the Verhandlungen der ~eutschen Rbntgengesellschaft in 

1905. In Britain, there was the Archives of the Rijngten Ray_, which 

was founded in 1898 as the Archives of Skiagraphy, and later also the 

Journal of the Rbntgen Society (first published separately from the 

. . . Archives in 1904 1.. In the United States, the American- X-Ray. Journal .. 
, .  . . . ~. . . 

(founded in 1897) gave way. as the leading journal to the ~rans- 
. .  . 

actions df the American Rbntgen Ray Society after 1902, which was 

joined by .the American Quarterly of RGntgenology after 1906. In . . 
France, the ~rchives d1Electricit6 Mgdicale, which had been founded 

in 1893, became the major outlet for medical X-ray work, and 

Le Radium served both the scientific and medical communities. 

With the exception of Le Radium, the new journals did not 

attract original work in physics or chemistry, and the scientific 

radiological community was readily distinguishable from the medical 

radiological community. The physicists working on X-rays and radio- 

activity generally used the existing journals like the Philosophical 

Ma~azine in Britain, the Annalen der Physik and the Physikalische 

Zeitschrift in Germany, and the Comptes Rendus (as well as Le ~adium) 



i n  France. The mater ia l  published on physical  aspects  of X-rays 

i n  t he  medical rad io logica l  journals was e i t h e r  der iva t ive  o r  highly 

p r a c t i c a l .  The authors were of ten  associated with manufacturers 

of  X-ray tubes and aux i l i a ry  equipment. In  Germany, where medical 

radiology showed more i n t e r e s t  i n  s c i e n t i f i c  devtilopments than 

elsewhere, most of t h e  " sc i en t i f i c "  and "techni.ca1" a r t i c l e s  were 

contributed u n t i l  World War I by Bernhard Walter, a d i l i g e n t  but 

thoroughly second r a t e  phys i c i s t ,  and by Fr iedr ich  Dessauer, an 

X-ray tube manufacturer who would only a f t e r  t he  War obta in  a doctorate  

i n  physics. I n  England, the  nonphysician members of t h e  Rbntgen 

Society were'.mostly tube manufacturers, e l e c t r i c a l  engineers,  a n d  

i n t e r e s t ed  d i l e t t a n t e s .  A s e r i e s  of In t e rna t iona l  Conferences of 

Medical Radiology and Electrology met seven times between 1900 

and 1914. This s e r i e s  was e n t i r e l y  separate  from the  contemporary 

in t e rna t iona l  s c i e n t i f i c  conferences on "Radiology and Ionizat ion" 

( ~ i s g e ,  1305) and on "Radiology and E lec t r i c i t y"  ( ~ r u s s e l s  , 1910) . 
This gap i n  i n s t i t u t i o n s  between medical and s c i e n t i f i c  radio- 

logy corresponded t o  a difference i n  methodologies t h a t  we s h a l l  f ind 

of grea t  importance. I s h a l l  s t a t e  t he  d i f fe rence  here i n  r ad i ca l  

terms without expecting t o  f i nd  it i n  so pure a form i n  the  s to ry  

t h a t  follows. I n  t h e  s c i e n t i s t ' s  laboratory,  experiment and theory 

a r e ,  i dea l ly ,  t i g h t l y  l inked.  The experimenter t r i e s  t o  work within 

c l ea r ly  defined t h e o r e t i c a l  presuppositions t h a t  enable him t o  ask 

questions about how a small and i so l a t ed  piece of t h e  na tu ra l  world 

behaves. I n  t he  medical c l i n i c ,  t h e  procedure i s  d i f f e r e n t .  The 

c l i n i c i a n  observes a r e l a t i v e l y  broad expanse of nature and t r i e s  
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to bring some sort of recognizable order to it without the 

experimenter's capacity for controlling the conditions under which 

observations are made. ~elicate and precise instruments may be 

used in the clinic, but to observe rather than to test. By 

accumulating ordered experience, and not necessarily understanding, 

the clinic aims to achieve practical. results. Thus through years 

of making rounds with his more experienced elders, the young 

physic'ian is trained to recognize a large number of diseases and 

the appropriate courses of treatment while understanding in 

scientific detail the causes of only a textbook few. 2 2 

There is no question about which of these methods is more precise. 

The clinical approach leaves a great deal of room for personal 

judgment, .which means both. wide scope for individual genius ..as' well .. ,.' . . 
,.. 

as wide.' scope' for error. There is, however., also nd question but 
. . .. 

that the scientific approach fails to offer solutions to many 

practical problems. As Wilfred Trotter pointed out in 1932, 

physiology could give no explanation of the most common symptons 

of which patients complain: feeling ill, pain, sleeplessness, 

vomiting, loss of appetite, and constipation. 23 Despite much 

research effort, the situation is not very different today. A 

physician can nevertheless learn to recognize and treat hundreds 

of diseases that cause these symptoms. The disadvantage of the 

scientific approach is precisely what makes it work so well: 

11 Experiment ... isolates the event to be studied from the common 
order of nature, and .causes it to occur in circumstances as far as 

possible simplified and subject to specification. "24 Even today, 



t h i s  approach has been used on only l imi t ed  aspects  of t he  vas t  

t e r r i t o r y  of medical p rac t i ce ,  and much of medicine continues t o .  

be what T ro t t e r  ca l l ed  a  "p rac t i ca l  a r t "  r a the r  than an appl ied 

2 5 science.  

The methods of t h e  p r a c t i c a l  a r t s  a r e  not l imi ted  t o  medicine. 

I n  chemistry, the  per iodic  t a b l e  has survived, desp i te  t he  discovery 

of physical  laws t h a t  make it superfluous i n  theory,  a s  a  device 

t o  organize experience r a the r  than t o  explain it. The t a b l e  permits 

a  g rea t  dea l  of p r a c t i c a l  work t o  be done without recourse t o  what I 
t he  phys i c i s t  would regard as  a  proper explanation of chemical I 
phenomena i n  quantum mechanical terms. When a chemist .said,  a s  

he might have' u n t i l  the  l a s t  few years ,  "xenon does not r eac t  because 

it belongs t o  t he  eighth period, t he  i n e r t  gases," he was s t a t i n g  I 
ne i the r  a  tautology nor t h e  consequence of a  physical  law. Rather, I 
he was s t a t i n g  t h e  r e s u l t  of a  vas t  quant i ty  of experience, with 

which he need not have been personal ly f ami l i a r  s ince  the  pos i t i on  

of xenon i n  t he  periodic  t a b l e  nea t ly  summarized it f o r  him. I n  

t h e  h i s to ry  of rad ia t ion  pro tec t ion ,  we s h a l l  encounter mnemonic 

devices s imlar  t o  t he  periodic  t a b l e ,  though not so conveniently I 
graphic,  and we s h a l l  recognize them as t oo l s  of a  p r a c t i c a l  a r t .  

One of these  was f o r  decades regarded a s  t h e  foundation of r ad i a t ion  

biology, namely t h e  "law" of Bergonig-Tribondeau. This law 

s t a t e d  t h a t  c e l l s  were a f fec ted  by r ad ia t ion  more s t rongly the  

g rea t e r  t h e i r  reproductive a c t i v i t y ,  t he  longer they took i n  mi to t i c  

d iv is ion ,  and the  l e s s  t h e i r  morphology and functions had been 

diffcpenLiated. 'l'hls statement summarized, and continues t o  summarize, 



many observations,  but  t he re  were, and a r e ,  exceptions t o  it. 

physical laws l i k e  Newton1 s o r  Maxwell ' s cannot, have exceptions 

and s t i l l  remain va l id .  The law of  Bergoni6-Tribondeau s t i l l  

stands because it i s  i n  most,cases cor rec t  and there'fore remains 

useful .  It i s  c lose ly  akin t d  t he  engineer 's  r u l e  of thumb, which' 

o f t en  serves him b e t t e r  i n  h i s  da i ly  work t h a n  physical  laws. 

I n  medical radiology, such rules--concerning which kinds of 

rad ia t ion  t o  use f o r  d i f f e r en t  purposes, t he  . length and frequency 

of t h e  exposures required, and t h e  pro tec t ion  measures t h a t  were 

appropriate--grew out of t h e  c l i n i c a l  experience of many p rac t i t i one r s ,  

who would sometimes accord them the  s t a t u s .  and respect  usual ly 

reserved f o r  physical  laws. 

. .  . Between .the .largely separa te  worlds of s c i e n t i f i c  and m e d i ~ a l  
. . . . 

radiology the re  were from: the  f i r s t  .three important l i n k s  t h a t  'would 
. . 

prove important t o  the  development of r ad i a t ion  pro tec t  ion. ~ i r s < ,  

the  two communities used s imi l a r  mater ie l .  On t he  one hand, medical 

radiology i n  t he  ea r ly  years  r e l i e d  d i r e c t l y  on s c i e n t i s t s  t o  obtain 

radium.. This r e l i ance  would, a s  we s h a l l  see ,  keep the  medical 

appl ica t ions  of radium i n  much c lose r  touch with r e l a t e d  s c i e n t i f i c  

work than the  medical appl icat ions of X-rays, which were developed 

by a much l a r g e r  group of of ten  i so l a t ed  p rac t i t i one r s .  .On the  

o ther  hand;scientists could purchase X-ray equipment r ead i ly  because 

it was produced commercially f o r  the  medical rad io logica l  market. 

I t  took only a few months i n  t he  spring of 1896 f o r  glassblowers 

and f o r  manufacturers of e l e c t r i c a l  equipment, many of whom already 

manufactured medical e l e c t r i c a l  equipment, t o  place on the  market a 

bewildering v a r i e t y - o f  X-ray tubes,  induction c o i l s  and in t e r rup te r s ,  



influence machines, and aux i l i a ry  equipment l i k e  fluoroscopes, 

tube s tands,  and examining t ab l e s .  Both the  s c i e n t i f i c  and the  

medical communities took an ac t ive  i n t e r e s t  i n  innovations i n  

X-ray and radium technology, and although c e r t a i n  items were 

considered su i t ab l e  only f o r  t he  laboratory and n o t  f o r  t h e  c l i n i c ,  

o r  v ice  versa,  t he re  was a common i n t e r e s t  i n  X-ray tubes,  t he  

manipulation of radium,.and t h e  measurement of both. 

The second major l i n k  between s c i e n t i f i c  and medical radiology 

l a y  i n  t h e  goals t h a t  t he  .medical rad io logica l  community s e t  f o r  

i t s e l f .  Acutely aware of i t s  s c i e n t i f i c  o r ig ins ,  medical radiolog.  

aimed t o  be s c i e n t i f i c  and became an important component of what I 

s h a l l  c a l l . t h e  "program of  s c i e n t i f i c  medicine." In  r e t ro spec t ,  

it i s  obvious t h a t  t h e  discovery of X-rays and radium by s c i e n t i s t s  

did not make t h e i r  medical use any more c e r t a i n  i n  i t s  c l i n i c a l  

r e s u l t s  than i f ,  f o r  example, they had been discovered by a glass-  

blower ( a s  might wel l  have been the  case f o r  X-rays). The image 

of  X-rays and radium a s  d i s t i n c t i v e l y  modern and advanced too l s  

was nevertheless  a s t rong one. Prec ise ly  what it meant t o  be 

" sc i en t i f i c "  var ied considerably. "Sc ien t i f ic"  medicine sometimes 

meant medicine based on s c i e n t i f i c  theory. Of the  people who thought 

along t h i s  l i n e ,  some were r educ t ion i s t s  who wanted explanat ions.of  

t he  b io logica l  e f f e c t s  of r ad i a t ion  i n  physical  o r  i n  chemical terms, 

but  t he re  were o thers  who were s a t i s f i e d  with explanations i n  

terms of cytology o r  bacteriology. To s t i l l  other  research workers, 

" sc i en t i f i c "  medicine meant t h e  use of  measurements o r  of experiments 

witkiln medicine r a t h e r  than explanations i n  s c i e n t i f i c  terms. Among 



these  people t he re  were d i f f e r en t  views of t he  prec is ion , requi red  

of measurements and d i f f e r e n t  opinions on what cons t i t u t ed ' an  

experiment. I s h a l l  d i s t inguish  below among these  d i f f e r en t  

meanings of " sc i en t i f i c "  medicine, and I s h a l l  go t o  some pains 

t o  show t h a t  t h e  . r e s u l t s  of research e f f o r t s  along these  d i f f e r en t  

l i n e s  were not necessar i ly  cons is ten t  with each 'other.  For t he  

moment, however, I want Lo emphasize t h a t  a l l  these claims t o  

" sc i en t i f i c "  s t a t u s  betray the  s t rong i n s p i r a t i o n a l  force of t he  

program of s c i e n t i f i c  medicine. A s  a r e s u l t  of the  widespread 

adherence t o  t h i s  program, medical radiology was i n  p r inc ip l e  more 

open t o  s c i e n t i f i c  input than many other  branches of medicine. 

The t h i r d  l i n k  between s c i e n t i f i c  and medical radiology was 

. . conceptual: . they both thought i n  terms of t he  "quantity." and 
. . . . . . . . . . 

. .. . 

. . 
. .  . "quality11 o f  It would be  decades before ' the  two 

. . 

communities would come t o  an agreement on how t o  measure these  

parameters, but both communities ta lked  of t he  quant i ty  and qua l i ty  

of X-rays and of radium a s  i f  these  were self-evident concepts. 

For X-rays, quant i ty  was the  amount of rad ia t ion ;  t he  term was of ten 

used interchangeably with '.'intensity1' (which might a l so  mean quant i ty  

per  un i t  t ime) and was analogous t o  t he  i n t e n s i t y  of l i g h t .  For 

radium, quant i ty  meant t he  amount of a substance. Qua l i t y ,  which 

was analogous t o  t h e  d i f f e r en t  colors  of l i g h t ,  meant t he  d i f f e r i n g  

a b i l i t y  of rad ia t ion  t o  pene t ra te  matter:  "harder" rays were more 

penetrat ing and "softer"  rays l e s s  penetrat ing.27 With the  discovery 

of radium, the  usage was quickly extended t o  t h e  rad ia t ion  it emitted: 

t h e  s o f t e r  rad ia t ion  t h a t  could be deviated with a magnet ( l a t e r  



broken down i n t o  pos i t i ve ly  charged "alphaq' p a r t i c l e s  and negat ively 

charged "beta" p a r t i c l e s )  and the  much harder ,  "gamma" rad ia t ion  

t h a t  was not deviable i n  a magnetic f i e l d  and was even more 

penet ra t ing  than t h e  hardest  X-rays known a t  the  time. 2 8 
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Chapter 2: Two-edged Swords : x-rays and Radium, 1896-1902 

While medical appl ica t ions  of X-rays developed rap id ly  bet- 

ween 1896 md,1900,  X-ray pro tec t ion  was a t . b e s t  a  minor concern. 

Lack of knowledge p e r  s e  was not t he  reason f o r  t h i s  i na t t en t ion  

t o  harmful s i d e  e f f e c t s .  Exposure t o  X-ray tubes was known t o  have 

harmful e f f e c l s ;  these e f f e c t s  were, a f t e r  a l l ,  t h e  bas i s  of X-ray 

therapy. 'Many operators ,  however, took no measures t o  pro tec t  

themselves o r  t h e i r  pa t i en t s .  Of those who did take  pro tec t ive  

,measures, t he  majority probably used a  grounded aluminum o r  t i n  

sheet .  Lead, though used by some p r a c t i t i o n e r s ,  .was considered 

unnecessarily inconvenient and even dangerous by o thers .  Many 

operators  t e s t e d  t h e  hardness of a  tube by exposing t h e i r  own 

hands and viewing the  r e su l t i ng  image on a  f luorescent  screen. 

The X-ray tube was, i n  general ,  not enclosed. Although phys i c i s t s  

rou t ine ly  recorded some measure of t h e  quant i ty  and qua l i t y  of X-rays, 

measurements were not general ly  made during medical appl ica t ions .  

Moreover, t he  bulk of t he  X-ray p rac t i t i one r s ,  physician and non- 

physician, around 1900 were pleased with t h e  s i t ua t ion .  The number 

of cases of harm t o  pa t i en t s  was, they thought,  decreasing rapidly.  

X-ray therapy was curing a  widening range of dermatological ailments. 

The reddening, sca l ing  and open sores  t h a t  had developed on the  

hands of many X-ray p rac t i t i one r s  were usual ly considered minor 

ailments.  This chronic dermat i t i s  was considered a small p r i c e  t o  

pay f o r  t h e  heripfits obfaincd f r b m  t l ~ e  ttpplicatibn o r  X-rays i n  

medicine. 



Change would come rap id ly  a f t e r  1900, a s  we s h a l l  see.  

Measures t o -  protect  t h e  pa t i en t  and t h e  operator  would become 

rout ine ,  however inadequate the  procedures used may appear by 

today 's  c r i t e r i a .  By the  end of 1902, t he  weight of professional  

opinion would s h i f t  against  t h e  use of aluminum and t i n  shielding,  

grounded o r  not.  Methods of measuring the .quan t i t y  and qua l i t y  of 

t he  rays would come i n t o  general  use. Operators who t e s t e d  hard- 

ness with ' t h e i r  own hands would be considered foolhardy a t  bes t .  
' 

The, professional  soci 'eties and journals would ac t ive ly  promote 

precautions. While f a r  from the  prec is ion  it was t o  acquire i n  

t h e  decades t o  follow, X-ray protect ion would by 1903 be a  recognized 

problem f o r  science, medicine, and soc ie ty  .' I n  sharp cont ras t ,  

, .  . .  
raaium pro tec t ion  was s t i l l "  unknpwn. . . . &  

. . 

Why did X-ray p rac t i t i one r s  be fo re ,  1900 use what. they  themselves 

would regard by 1903 a s  grossly inadequate and misdirected methods 

of protect ion? What made these p rac t i t i one r s  s h i f t  gears  a f t e r  

1900, embracing both X-ray measurements and X-ray pro tec t ion  a s  

e s s e n t i a l  professional  concerns? Why.did radium protect ion not 

become a matter of concern? We s h a l l  be concerned here with the  

s t o r y  of  rad ia t ion  pro tec t ion ,  but t he  implications of t h i s  

spec i f i c  case a r e  broader. We a r e  today a l l  .too fami l ia r  with a  

pa t t e rn  of medical and technological innovation i n  which t h e  widespread 

adoption of  a  technique leads t o  harmful s i d e  e f f e c t s  and subsequent 

retrenchment. Disinterested exper t i se  appears t o  be an obvious 

so lu t ion ;  and many professional  communities would p re fe r  t o  see  

problems a r i s i n g  from medical and technological innovation resolved 



within r e l a t i v e l y  narrow c i r c l e s  of exper t i se  and out of view of t h e  

publ ic .  Medicine i n  p a r t i c u l a r  has es tab l i shed  self-regulatory 

mechanisms t h a t  should, it can be argued, pro tec t  both p rac t i t i one r s  

and pa t i en t s  from harm. There a r e ,  I th ink ,  fundamental d i f f i c u l t i e s  

with t h i s  p i c tu re  of d i s in t e re s t ed  exper t i se  and professional  s e l f -  

regulat ion.  The term "expertise" suggests a degree of ob jec t iv i ty  

t h a t  o f t en  does no*, .and sometimes cannot, ex i s t :  those who know 

a good aea l  about something by d e f i n i t i o n  have an i n t e r e s t  i n  it. 

'The i n t e r e s t  may be i n t e l l e c t u a l  o r  profegsional  r a t h e r  than 

f inanc ia l ,  bu t  it i s  an i n t e r e s t  nevertheless  and may a f f e c t  t h e  

weighing of evidence. As f o r  the  self-regulatory mechanisms, they 

ce r t a in ly  e x i s t ,  but t h e i r  operation may depend on pressures  from 

outs ide  a professional  community. I n  order  t o  see the  in t e re s t ed  

character  of exper t i se  and t h e  dependence of se l f - regula t ion  on 

outs ide  pressures  i n  t he  case of r ad i a t ion  pro tec t ion ,  l e t  us r e tu rn  

b r i e f l y  t o  t he  period before 1900 t b  consider the  procedures used 

i n  X-ray therapy and t h e  thinking t h a t  guided therapeut ic  e f f o r t s .  

I s h a l l  then consider t he  conjoined i n t e l l e c t u a l  and s o c i a l  pressures  

t h a t  l e d  t o  change a f t e r  1900. The cont ras t ing  case,  radium, w i l l  

r equi re  only cursory treatment.  

Although X-ray pro tec t ion  p e r  s e  was not a concern before 1900, 

c l i n i c a l  experience had l e d  p r a c t i t i o n e r s  t o  adopt what they bel ieved 

t o  be conservative and cautious therapeut ic  procedures. Pa t i en t s ,  

it was general ly  thought, showed wide v a r i a b i l i t y  i n  t h e i r  react ions 

t o  treatment.  This idiosyncracy contrasted sharply with the  presumed 



i n v a r i a b i l i t y  of t h e  physical  agency, t he  X-ray tube. I n  report ing 

cases,  the  p r a c t i t i o n e r  spec i f ied  t h e  parameters of t h e  tube, such 

as  t h e  equivalent spark gap, t h e  "secondary" current  through t h e  

tube ( o r  sometimes only t h e  "primary'! current  flowing i n t o  the  

induction c o i l ) ,  t he  number of breaks per  minute of .  t h e  i n t e r rup te r ,  

t he  dis tance of  t h e  pa t i en t  from t h e  anticathode, t he  durat ion of  

the exposure, o r  whatever o ther  parameters had been found by c l i n i c a l  

t r i a l s  t o  a f f ec t  t h e  course of treatment.  No need arose f o r  measuring 

the  dose of X-rays del ivered,  and indeed the  notion of "dose" -d id  not 

ye t  e x i s t .  The presumed v a r i a b i l i t y  of t h e  b io logica l  mater ial  

made therapy an a r t .  Knowing when a s u f f i c i e n t  exposure t o  the  

X-ray tube had been administered was a matter  of judgment, preferably 
. . 
. . informed by -bo th  long experience and a medical. degree. ' ~ e n e r a l l ~ ,  . . ' . 

. .. 
. . 

/ . I  'phys'icians splved t h i s  matter of judgment i i m p i y . '  . Exposure 'was 

continued u n t i l  a l i g h t  skin reac t ion  was v i s ib l e .  The erythema 

was the  s igna l  both t h a t  t h e  treatment was working and t h a t  it 

should be discontinued. This p r a c t i c a l  method favored t h e  use of 

harder  tubes,  which "burned" l e s s  readi ly ,  and of s h o r t ,  repeated 

exposures over a period of weeks o r  even months. 2 

Many p rac t i t i one r s  administered t h i s  treatment with l i t t l e  o r  

no concern f o r  t he  mechanism of t he  r e su l t i ng  e f f e c t s ,  but  some 

X-ray p rac t i t i one r s  and medically or ien ted  research workers had 

t h e i r  own notions about t he  nature of X-rays and thereby drew 

conclusions about how they acted on b io logica l  mater ials .  These 

notions were analogies t h a t  placed t h e  new discovery within the  



context of  ex i s t i ng  b io logica l  knowledge. On t h e  one hand, X-rays 

were considered c lose ly  akin t o  l i g h t ,  and espec ia l ly  t o  u l t r a v i o l e t  

l i g h t .  Since v i o l e t ,  and u l t r a v i o l e t ,  l i g h t  was known t o  be a 

d i s in fec t an t ,  t h i s  kinship l e d  t o  the  an t i c ipa t ion  of bac t e r i c ida l  

e f f e c t s  of X-raysV3 The analogy t o  u l t r a v i o l e t  a l so  l e d  t o  t he  

treatment of lupus vulgar i s  with X-rays, i n  imi ta t ion  of therapeut ic  

successes with u l t r a v i o l e t  lamps . 4  On t h e  o the r  hand, X-rays were 

considered c lose ly  akin t o  e l e c t r i c i t y .  The way i n  which X-rays.were 

produced t e s t i f i e d  s t rongly t o  t h e i r  " e l ec t r i ca l "  charac te r ,  as did 

t h e i r  ion iza t ion  of gases.  This l a t t e r  analogy t o  e l e c t r i c i t y ,  

though f a r  from a theory whose implicat ions could be worked out i n  

mathematical fashion, was a  s t e p  i n  ass imi la t ing  X-rays i n t o  medical 

thinking and had profound consequences f o r  work on t h e i r  b io logica l  

e f f ec t s .  5 

The b io logica l  e f f e c t s  and medical uses of e l e c t r i c i t y ,  a f t e r  

f a l l i n g  i n t o  disrepute during the  1830s and 1 8 4 0 s ~  were again the  

subjec t  of  in tens ive  inves t iga t ion  i n  t h e  l a t e  nineteenth century, 

with i n t e r e s t  reviving i n  t h e  1860s and probably peaking i n  t h e  

1880s and ea r ly  1890s. Along with o ther  "physical" techniques l i k e  

baths and massage, e lectrotherapy played an important r o l e  during 

a  per iod of r e l a t i v e  n ih i l i sm i n  chemcial therapeut ics .  Although 

today much of t h i s  t r a d i t i o n  is forgot ten ,  e lectrodiagnosis  and 

electrotherapy were i n  t h e  1890s of ten  considered espec ia l ly  modern 

and promising areas  of s c i e n t i f i c  medicine. Medical e l e c t r i c i t y  was 

a l s o  considered an undeveloped a rea  i n  which over-enthusiastic 

adherents apd c h a r l ~ t - ~ n s  put forward excessive Claims, as should 



be expected of a rap id ly  developing spec ia l ty .  Because of t he  

s i m i l a r i t y  i n  t h e  equipment and s k i l l s  needed f o r  radiotherapy, 

many of the ea r ly  X-ray p rac t i t i one r s  came from electrotherapy.  

With h i s  knowledge of b a t t e r i e s ,  s t a t i c  generators ,  induction 

c o i l s  and e lec t rodes ,  t he  e l ec t ro the rap i s t  was f a r  ahead of other  

physicians i n  being prepared t o  s e t  up and maintain an X-ray tube. 

Moreover, X-rays were welcomed i n t o  medical e l e c t r i c i t y ,  and u n t i l  

World War I were of ten  t r e a t e d  a s  pa r t  of t h a t  broader and o lder  

t r a d i t i o n .  b 

The associat ion with medical e l e c t r i c i t y  s t rongly conditioned 

t h e  reac t ion  of many physicians t o  the  discovery of b io logica l  

e f f ec t s  of exposure t o  t he  X-ray tube. I n i t i a l l y ,  X-rays themselves 
I 

I 
. were of ten  assumed t o  ' t h e  be the  causal  agent ,  bu t .  a . v a r i e t y  o f  ' 

' - .  ' . . . I  
I 

other  'candidates.  were soon put forward. These include3 u l t r a v i o l e t  
. . . . . -  . 

. . 

l i g h t  from t h e  f luorescing tube,  ozone produce'd around the  tube o r  

i n  the  sk in ,  metal p a r t i c l e s  from the  anode, and t h e  s t a t i c  e l e c t r i c  

charges surrounding the  tube. Only the  l a s t  of these  suggestions 

, achieved a s ign i f i can t  l e v e l  of acceptance. This e l e c t r i c a l  view 

became dominant among medical p rac t i t i one r s  through 1900 and pe r s i s t ed  I 
f o r  severa l  years  t he rea f t e r . 7  At t r ibu t ing  t h e  b io log ica l  e f f e c t s  

t o  t he  s t a t i c  charges surrounding the  tube,  which was of ten  placed 

within inches of t he  p a t i e n t ,  r a the r  than t o  t he  X-rays themselves 

placed t h e  new technique i n  t he  sphere of e lectrotherapy and avoided 

the  uncertainty concerning the  nature of t h e  X-rays. Moreover, t he re  

was c l i n i c a l  evidence. A "brush" discharge of d i f fuse  sparks could 



sometimes be seen between t h e  X-ray tube and the  sk in  of t he  

pa t i en t .  Experience had taught medical p rac t i t i one r s  t h a t  increasing 

the  dis tance between the  tube and t h e  pa t i en t  would of ten  prevent 

harm. The s t a t i c  e l e c t r i c  f i e l d  around t h e  tube would not extend 

f a r ,  certaj .nly not as  f a r  as t h e  X-rays themselves, so t h i s  e f f e c t  

of dis tance favored t h e  e l e c t r i c a l  view.8 So, too ,  did t h e  repor t s  

t h a t  a .  grounded, aluminum screen would pro tec t  the  pa t i en t  .9 

Occasional repor t s  appeared of i n t e n s i f i e d  therapeut ic  e f f e c t s  when 

the  pa t i en t  was placed on an insu la ted  s tage ,  a  common p rac t i ce  i n  

10 . 
some e lec t ro therapeut ic  techniques. .Some p rac t i t i one r s  claimed 

t h a t  an X-ray tube exci ted with an inf luence machine r a t h e r  than 

with an induction c o i l  did not cause burns." This claim suggested 

t h a t  it was t h e  e l e c t r i c a l  means used t o  exc i t e  t he  tube r a the r  

than t h e  X-rays themselves t h a t  were responsible .  Ungrounded l e a d , '  

it was s a i d ,  might be harmful i f  used f o r  sh ie ld ing  because it 

would condense the  harmful s t a t i c  charges near t he  sk in  'of t h e  

pa t i en t  . l 2  

Experimental evidence aga ins t  t h e  e l e c t r i c a l  view was readi ly  

obtained. It was a  simple matter t o  expose a  f inger  t o  t he  X-ray 

tube,  pro tec t ing  p a r t  of it with ungrounded lead  and p a r t  of it 

with grounded aluminum o r  t i n  sh ie ld ing .  By 1898 t h i s  experiment 

and.comparable ones with o ther  b io logica l  mater ials  had been performed, 

but t he  unequivocal r e s u l t s  against  the  e l e c t r i c a l  view had l i t t l e  

e f f e c t  .13 X-rays were s t i l l  r e l a t i v e l y  new, t he  profess iona l  

coqnunities were s t i l l  i n  t h e  process of formation, a.nd 



standards of proof were s t i l l  uncertain.  Moreover, t he  weight 

of the  c l i n i c a l  evidence was on t h e  s i d e  of t h e  e l e c t r i c a l  view. 

No matter how. decis ive the  outcome, t h e  experimental'evidence was 

based on a mere case o r  two', and these  occurred i n  t h e  a r t i f i c i a l  

condiiions of t h e  laboratory.  The p rac t i t i one r  valued the  vas t  

experience of t he  c l i n i c  more highly. The recent ly  founded journals 

turned not t o  laboratory experiment, but r a the r  t o  surveys of c l i n i c a l  

experience t o  decide the  i s sue  of - what caused t h e  i n j u r i e s .  By 

co l l ec t ing  cases of in jury  and studying the  conditions under which 

they occurred, t he  p rac t i t i one r s  hoped t o  f i nd  ways of preventing 

t h e i r  recurrence. The surveys, which were begun i n  1897 and completed 

by 1899, f a i l e d  t o  reach d e f i n i t i v e  conclusions, and t h e  e l e c t r i c a l  

1 4  . .  . 
' view continued t o  dominate i n  the '  medical c'ommunity. ,. , 

. . 

. . 
The .advocates o f . t h e  e l e c t r i c a l  view g rea t ly  e.nhanced t h e i r  . . . .  

pos i t ion  by s h i f t i n g  t h e  burden of proof.  X-rays were presumed t o  

be innocent of causing any b io logica l  e f f e c t s .  Those who believed 

t h e  X-rays were t h e  causal  agent were asked t o  demonstrate t h a t  

none of t he  other  possible  agents'was responsible.15 The e l e c t r i c a l  

view was thus bols te red  by t h e  demonstration t h a t  high-voltage 

e l e c t r i c a l  charges could, i n  t he  absence of X-rays, cause erythema 

and ep i l a t i on  .16 Likewise, demonstration t h a t  e l e c t r i c  charges 
, . 

could k i l l  bac t e r i a  became evidence f o r  t he  e l e c t r i c a l  view s ince  

exposure t o  t he  X-ray tube was known t o  have a cura t ive  e f f e c t  i n  

t h e  c l i n i c  on a disease l i k e  lupus.17 Since the  majority view was 

t h a t  X-rays did not k i l l  bac t e r i a ,  those who bel ieved X-rays had 

biological e f f e c t s  a l so  had the  burden of accounting f o r  the  



successful  therapy. X-rays might s t imulate  t he  body's na tu ra l  

defense mechanisms, but t h i s  argument was unconvincing without 

supporting evidence. 

Decisive evidence t h a t  X-rays themselves caused t h e  b io logica l  

e f f e c t s  was f i n a l l y  of fe red  i n  1900, bu t  it was only slowly over 

t he  next severa l  years  t h a t  t h e  proponents of t h e  e l e c t r i c a l  view 

gave way. With the  evidence came a new technique of X-ray therapy, 

a need f o r  dose measurements, 'and g rea t ly  in t ' ens i f ied  concern f o r  

X-ray protect ion.  

The i n i t i a t o r  of these  hhanges was a young Viennese physician, 

not y e t  h a b i l i t a t e d ,  who was working a t  a p r i v a t e  c l i n i c .  I n  t h e  

course of t r e a t i n g  s i x  pa t i en t s  with X-rays i n  l a t e  1899 and ea r ly  

1900, Robert Kienbcck was forced t o  switch t o  a s o f t e r  tube when 

h i s  harder one was punctured.18 A l l  s i x  pa t i en t s ,  regardless  of 

how much they had been exposed t o  t h e  harder tube,  quickly developed 

skin react ions.  This c l i n i c a l  experience suggested t o  Kienb6ck t h a t  

X-rays, which were more in tense  from the  s o f t e r  tube, caused t h e  

burns r a the r  than t h e  s t a t i c  e l e c t r i c  charge surrounding t h e  tube,  

which would be more in tense  around t h e  harder tube. A s e r i e s  of 

s t raightforward experiments decided t h e  i ssue .  Kienb6ck exposed one 

s i d e  of a l i v i n g  organism t o  a s o f t  tube and one s i d e  t o  a hard tube. 

The reac t ion  appeared more rap id ly  on t h e  s i d e  exposed t o  t he  s o f t e r  

tube.  The point  c lo ses t  t o  t he  focus of t h e  cathode rays reacted 

soonest and most dramatically.  Mask'ng with l ead  showed t h a t  shadows 

were cas t  from the  s ing le  point  where the  X-rays or ig ina ted  r a t h e r  

than from the  surrouridings of t h e  tube. Rubber, a good e l e c t r i c  



i n su l a to r ,  did not pro tec t  t h e  skin.  Biological e f f e c t s  were 

observed only on the  s i d e  of t h e  anticath0.de s t ruck  by. t he  cathode 

rays ,  t he  d i r ec t ion  i n  which Kienbbck assumed a l l  t h e  x-rays t o  

be emitted. 19 . . 

Replying t o  the  advocates o'f the  e l e c t r i c a l  view,"Kienbbck 

of fered  explanati.ons f o r  t he  phenomena they had adduced as evidence. 

The grounded aluminum o r  t i n  f o i l  might delay and lessen  the  react ion 

because it absorbed X-rays, but  it d id  not prevent harm a l toge ther .  

Because t h e  current  through t h e  tube exci ted with an inf luence 

machine was l e s s ,  it produced a lower i n t e n s i t y  of X-rays than a 

tube exci ted with an induction c o i l ,  and therefore  burned l e s s  

readi ly .  , Biological e f f e c t s  were -more readi ly  produced i n  close 
. . 

proximity to. t he  tube because the  i n t e n s i t y  of t h e  X-rays f e l l ,  

o f f  with t h e  .square 'of t h e  dis tance.  

Kienbbck a l s o  of fe red  a new method of X-ray therapy. Idio- 

syncracy, he claimed, was i r r e l evan t .  Different  t i s s u e s  reacted 

d i f f e r e n t l y ,  but t h e  same t i s s u e s  i n  d i f f e r en t  individuals  of t h e  

same age reacted i n  t h e  same way. Instead of i r r a d i a t i n g  a pa t i en t  

with a hard tube u n t i l  a react ion appeared, Kienback suggested 

fewer and shor te r  s i t t i n g s  with a s o f t  tube,  preferably one whose 

qua l i t y  could be regulated. After  these  s i t t i n g s ,  the treatment 

would be suspended and the  physician would wait  f o r  r e s u l t s  t o  

appear. The quant i ty  of X-rays t o  which the  t i s s u e  was exposed 

was the  key var iab le  i n  t h i s  method, and the  notion of dose i n  

medical radiology dates  from i t s  adoption. Kienbcck's method required 

more a t t e n t i o n  t o  t he  tube and i t s  output and l e s s  a t t e n t i o n  t o  t h e  



pa t i en t  and h i s  idiosyncracy. Since high doses were t o  be given 

i n  a few s i t t i n g s ,  w i thou twa i t i ng  f o r  a reac t ion ,  t he re  was a c l e a r  

need f o r  a means of measuring X-ray Llosage. 

Kienb6ck1s proofs may i n  re t rospec t  seem t r i v i a l  and h i s  new 

method obvious, but t h i s  was not t h e  reac t ion  of h i s  opponents. 

To them, Kienb6ck appeared t o  be making extravagant claims, espec ia l ly  

when he advocated t h e  use of fewer exposures and higher doses. 

He would, they .warned, f i nd  with f u r t h e r  experience t h a t  X-ray 

therapy was more d i f f i c u l t  than h i s  mechanical approach suggested. 

Routinized appl ica t ion  of X-rays without regard f o r  the  spec i a l  

. c h a r a c t e r i s t i c s  of ind iv idua l  pa t i en t s  could only lead  t o  in jury .  

Kienb6ck1s method was inherently,dangerous because the  reac t ions  

only appeared a f t e r  exposure, while t h e  method i n  use f rac t iona ted  

t h e  exposures so  t h a t  they could be stopped a s  soon as  t h e  f i r s t  

signs of a reac t ion  appeared. One opponent offered an experiment 

i n  which t h e  s t a t i c  charges around t h e  cathode sec t ion  of an x-ray.  

tube appeared t o  k i l l  a b a c t e r i a l  cu l tu re  while t he  X-rays r ad i a t ing  

from the  anode f a i l e d . t o  do so. But t h e  primary argument aga ins t  

Kienb6ck was t h e  weight of t he  evidence. So many p a t i e n t s  had been 

t r e a t e d  by so many physicians with r e l a t i v e l y  hard X-ray tubes 

surrounded with s t a t i c  e l e c t r i c  charges. How could they a l l  be I 

The majori ty  e l e c t r i c a l  view was wrong, but  it took more than 

Kienb6ck1s experiments, and o ther  evidence of t h e  same s o r t ,  t o  

t.ilrn t h e  t i d e .  Thcoe expel-irne~~ls luay have 'been a necessary s t e p ,  

but they were not s u f f i c i e n t  t o  rescue X-ray therapy from e lec t ro-  

therapy. I n  p a r t ,  t h e  o ther  influences a t  work l a y  outs ide  both 



science and medicine. Popular reac t ion  t o  cases of X-ray 

in ju ry ,  and t h e  f e a r  t h a t  popular reac t ion  would br ing  l imi t a t ions  
. . 

on t h e  use of X-rays i n  medicine, were e s s e n t i a l  t o  hastening t h e  . - 
r e j ec t ion  of t he  e l e c t r i c a l  view and t h e  acceptance among X-ray 

of t he  need f o r  pro tec t ion  and dosimetry. .Also 

important .was t h e  recognition t h a t  chronic X-ray dermat i t i s  among 

. . prac t i t i one r s  could no longer be considered a minor ailment. Thus 

r ad i a t ion  prot.ection was by no means an automatic response by a  

professional  cornmur~ity t o  t h e  simple f a c t  of X-ray i n j u r i e s .  Public 

concern was e s s e n t i a l  t o  ac t iva t ing  the  self-regulatory mechanisms 

ava i lab le '  i n  t h e  medical rad io logica l  community. 

An i n i t i a l .  publ ic  outcry over X-ray i n j u r i e s  had occurred i n  
. . 

. . .  . . . . 1 8 9 7  and 1898 i n  t he  l a y  press .   he X-ray burns shocked  a  public " ' 

. . . .  . t h a t  had greeted the  new technology with almost unrestrained 

enthusiasm l e s s  than two years e a r l i e r .  The X-ray p rac t i t i one r s  ' 

reacted by mounting the  surveys of X-ray i n j u r i e s  mentioned above. 

Public reac t ion ,  i n  o ther  words, brought p rac t i t i one r s  together  

t o  a c t  j o i n t l y  i n  defense of t h e i r  profession,  a  pa t t e rn  t h a t  we 

s h a l i  see  repeated. Ambiguous though the  r e s u l t s  of. t he  surveys 

were on t h e  question of whether X-rays were t h e  causal  agent,  they 

i n  general concluded t h a t  hermati t i  s  r e su l t ed  l a rge ly  from idio-  

syncra t ic  react ions of espec ia l ly  s e n s i t i v e  ind iv idua ls ,  and t h a t  

t h e  r i s k  t o  most people was small. The presence on the  hands of 

many physician and nonphysician p rac t i t i one r s  of chronic dermat i t i s ,  , 

which had been recognized as  ea r ly  a s  1897, was discounted. 22 



Tne publ ic  was assured t h a t  below a c e r t a i n  l e v e l  of exposure no 

harm would be done, and t h a t  diagnost ic  X-rays could be given without 

any r i s k .  An organizer of t h e  Rijntgen Society survey concluded 

opt imis t ica l ly :  

We may, I th ink ,  s a fe ly  a s s e r t  t h a t  t h e  length of exposure 
necessary t o  produce an i n j u r y  i s  a t  l e a s t  t h ree  o r  four  
times that.  required t o  obtain a radiograph with t h e  improved 
apparatus now a t  our d isposa l ,  even when t h e  most.opaque 
p a r t s  of t h e  body a r e  concerned, and Lhen only when t h e  
p a t i e n t  i s  spec i a l ly  suscept ib le  t o  t h e  e l e c t r i c a l  forces  
which cause t h e  i n j ~ r y . ~ 3  

Indeed, t he  need f o r  unblurred radiographs and .g rea t e r  e f f ic iency  

i n  tak ing  them had l e d  by 1900 t o  improved photographic p l a t e s ,  

in tens i fy ing  screens,  and X-ray tubes.whose vacuum could be 

control led.  These improvements, even without any measures taken 

spec i a l ly  f o r  pro tec t ion ,  had s ign i f i can t ly  decreased the  number 

of repor t s  of acute  i n ju ry .  The e r ro r s  of t h e  pas t ,  it appeared, 

were being avoided, and the  fu tu re  would see  even g rea t e r  r e s u l t s  

from the  medical use of X-rays. The weight of t h e  evidence was 

subs t an t i a l :  a 1902 survey reported t h a t  "only one case i n  5000 

has been in jured ,  and l e s s  than ha l f  of these  ser ious ly .  I t .  24 

A second round of public reac t ion  came i n  t he  years 1900-02 

i n  t h e  courts.25 Here the  problem confronting X-ray p rac t i t i one r s  

was not t o  be solved so l e ly  by a l lay ing  publ ic  f ea r s .  Harm had 

been done, and pa t i en t s  were suing f o r  damages. A s  ear ly . ,as  1898 

an unsuccessful suit brought i n  Germany had l e d  t o  recommendations 

f o r  reducing exposures and increasing the  d is tance  between the  tube 

and t h e  pat ient .26 Beginning i n  1900, t he re  was a s e r i e s  of  successful  

s u i t s .  A climax of s o r t s  was reached i n  1902, when a cr iminal  



judgment of  "negligent bodily injury" against  a German physician 

was followed by a s u i t  f o r  damages of 36,000 marks. The defendant 

was a p a r t i c u l a r l y  i r a s c i b l e  and incoherent advocate of t he  e l e c t r i c a l  

view who had f a i l e d  t o  pro tec t  t h e  clothed p a r t s  'o f  t he  p a t i e n t ' s  

body.27 This physician became the  extreme against  which a more 

moderate pos i t ion  could be defined. ~ e i n f o r c i n ~  the  i n t e l l e c t u a l  

impact of Kienb6ckf s experiments, t he  law s u i t s  changed professional  

standards A d  c l i n i c a l  p rac t ice .  Short ly  a f t e r  t h e  s u i t  f o r  36,000 

marks was f i l e d ,  recommendations appeared i n  t he  professional  l i t e r a t u r e  

t h a t  aimed t o  pro tec t  the  p a t i e n t ,  the  operator  and the manufacturer. 

, These recommendations assumed t h a t  X-rays, not s t a t i c  e l e c t r i c  charges, 

caused observed i n j u r i e s .  

. . . . 
. The "second f ac to r  p rec ip i t a t i ng  , t h i s  concern f o r  protect ion . .  . ' ' . 

. . . . 
. . 

. was the  discovery t h a t  chronic X-ray dermat i t i s  was developing in- to .  , . . .. 
. . .. . . . . . 

carcinoma of t he  skin,  then termed "epithelioma" ( a  term now reserved 

f o r  benign tumors). The dermat i t i s  had been a pa infu l  and d e b i l i t a t i n g  

ailment. It had not responded t o  a wide var ie ty  of treatments,  ,.and 

even a f t e r  heal ing re lapses  were frequent.  There i s ,  however, an 

enormous qua l i t a t i ve  difference i n  the  react ion t o  malignant and 

benign disease.  Physicians,  no l e s s  than laymen and perhaps more, 

responded dramatically t o  t he  discovery i n  l a t e  1902 t h a t  one of 

Edison ' s a s s i s t a n t s  was suf fer ing  from X-ray induced carcinoma. 

~ e ' a t h  followed i n  1904 a f t e r  successive amputations aimed a t  saving 

him from a malignancy t h a t  had spread from h i s  hands up h i s  arm. 28 c 

A s  we s h a l l  see ,  t h i s  death was but one of severa l  t h a t  were t o  

generate increased i n t e r e s t  i n  rad ia t ion  dosimetry and pro tec t ion  

during the  next few years.  Cancer, t he  dread disease t h a t  X-rays 



were supposed to cure, they also caused. The discovery, it 

should be noted, was once again the result of clinical accident 

rather than laboratory experimentation. Scientific under- 

standing still had little to offer in guiding experimenters to 

the discovery of biological effects. 

The protection recommendations that resulted from the concern 

about law suits and about cancer could be little more than a 

wise man's view of .the measures 'that would avoid harm. Heinrich 

Albers-Schbnberg, the wise man, was the editor of the leading 

German radiological journal, Portschritte auf dem Gebiete der 

Rbntaenstrahlen. He would play a continuing role in the development 

of protection measures until his death from X-ray induced injuries 

in 1921.29 First among the precautions Albers-SchBnberg suggested 

in 1903 was to permit only competent physicians to apply X-rays, 

a suggestion that we shall meet again. Beyond control of clinical 

practice by physicians, Albers-Schbnberg offered what he 

considered reasonable exposure times and distances (less than 

four minutes at 30 centimeters no more than three times per day). 

He also recommended the use of lead shielding around the tube and 

between the operator and the tube. Testing the hardness of the 

tube with one's own hands he thought highly inadvisable, especially 

since chronic dermatitis absolutely excluded the physician from 

surgical or obstetrical practice. These recommendations were common 

'sense informed by experience. There was no experimental or 

theoretical reason to believe that the recommendations were adequate, 

or that they were not excessive. No one had studied dose-response. 



r e l a t ionsh ips ,  a s  l a t e r  t h e  radia t ion  b io log i s t s  would. There was 

nevertheless a good deal. of reason t o  bel ieve t h a t  t h e  recommendations 

would provide some measure of pro tec t ion  t o  the  pa t i en t  from physical 

harm and t o  medical radiology from law s u i t s .  As Albers-Schanberg 

put  it, "In order  t o  assure the  physician protect ion from such 

unfortunate occurrences [ as a suit f o r  36,000 marks] and a t  t h e  

same. time t o  pro tec t  t h e  public from t h e  p o s s i b i l i t y  . . of burns, I 

have draf ted  some ru le s  f o r  the.radiographic examination of p a t i e n t s ,  

whose observance can guarantee an: .almost c e r t a i n  protect ion.  ?, 30 

Albers-Schijnberg was unquestionably s incere .  He was already 

su f fe r ing  from chronic dermat i t i s  himself. To some of h i s  colleagues, 

t h e  recodendat ions  he proposed seemed overly s t r i c t .  31 No one 

. . 
challenged the  assumption, impl i c i t  in ' ,  t h e  . . recomm&dations . . , t h a t  e 

below some exposure threshold,  no harm.would be done. 

More important than t h e  d e t a i l s  of these  ea r ly  recommendations 

was t h e  introduction of X-ray dose measurements. KienbGck had 

urged t h a t  p rac t i t i one r s  keep carefu l  records of more than a 

dozen parameters while administering therapeutic  doses, but t h i s  

so-called "indirect"  method never came i n t o  use i n  t h e  form i n  

which he envisaged it. Instead,  a number of "direct"  methods of 

dose measurement t h a t  r e l i e d  on chemical changes caused by X-rays, 

as well  a s  some simpler ind i rec t  methods, were. introduced beginning 

i n  1902. These w i l l  be discussed i n  d e t a i l  i n  the  next chapter.  

Here t h e  key point i s  t h a t  t h e  introduction of even t h e  crudest 

measurement of X-ray quanti ty was not automatic f o r  e i t h e r  physician 

o r  nonphysician p rac t i t i one r ,  i n  therapy o r  i n  diagnosis.  For 



X-rays, measurement was introduced i n t o  medical p rac t i ce  t o  serve 

t h e  need f o r  pro tec t ion ,  which was not general ly  recognized f o r  

four  o r  f i v e  years  a f t e r  t h e  i n i t i a l  appl ica t ions  of X-rays i n  

medicine. To mark t h e  change, t h e  advocates of X-ray measurements 

r e f e r r ed  t o  t he  e a r l i e r  approach as  "more s c i e n t i f i c .  '13* AS we 

s h a l l  see ,  t h e  methods of measuring dose were i n  f a c t  highly p r a c t i c a l  

and t h e i r  connections with contemporary physical  science extremely 

tenuous, but t h e  claim t o  s c i e n t i f i c  s t a t u s  was made nevertheless .  

Measurements of t h e  quant i ty  of  radium would, a s  we s h a l l  

see,  en ter  t h e  c l i n i c  more readi ly  than X-ray measurements had, 

but t he  purpose of radium measurements was not pro tec t ion .  Not 

u n t i l  j u s t  before World War I would radium pro tec t ion  become even 

a per ipheral  professional  concern, and not u n t i l  a f t e r  t he  War 

would it be t r ea t ed  on a par  with X-ray protect ion.  Lack of 

radium i n j u r i e s  was not t h e  reason f o r  t h i s  delay. Phys ic i s t s  

and physicians who worked with radium extensively,  foremost among 

them t h e  Curies,  suf fe red  obvious e f f e c t s  on t h e i r  f ingers  wel l  

before 1903. A t  worst,  raw and i t ch ing  f ingers  seemed a small 

p r i ce  t o  pay f o r  working with t h i s  wonderful new element, j u s t  as 

a few years e a r l i e r  chronic X-ray dermat i t i s  had seemed a minor 

ailment t o  X-ray p rac t i t i one r s .  Marie Curie t r e a t e d  her  damaged 

hands as a badge of honor, and i n  her  laboratory pro tec t ion  measures 

were not encouraged.33 P i e r r e  Curie col laborated with two physicians 

i n  demonstrating t h a t  small quan t i t i e s  of radium emanation administered 

by r e sp i r a t ion  could k i l l  mice and hamsters, but t h i s  research on 



i lq.boratory animals d id  not l e a d  t o  c a l l s  f o r  radium protect ion.  34 

Emanation was r ead i ly  detectable  i n  t h e  brea th 'and  ur ine of people 

who worked with radium, but  s ince  they had not suf fered  any acute 

symptoms t h i s  f a c t  was taken a s  proof t h a t  t h e  amounts of 

emanation involved were harmless. 35 I n  t h e  absence of severe 

i n j u r i e s ,  law s u i t s  ,, and publ ic  outcry,  t h e  professionals  most 

d i r e c t l y  concerned discounted the  need f o r  radium pro tec t ion  measures. 
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. War I because it was unable t o  e s t ab l i sh  i t s e l f  a s  a c r ed i t ab l e  
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United S t a t e s ,  was s t i l l  recommending t h e  use of a grounded 
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e d i t o r  of the  journal ma&e h i s  pos i t ion  c l e a r ,  "With a l l  t h a t  
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Chapter 3: A Decade of P r a c t i c a l  Posolom, 1903-13 

The col laborat ion of t h e  X-ray phys ic i s t  and t h e  X-ray 
technician should enable t h e  X-ray t h e r a p i s t  t o  make 
the  exact fundamentals of research science usefu l  f o r  
h i s  medical prac t ice .  Only with t h e  c loses t  considerat ion 
of na tu ra l  laws w i l l  methods be devised t h a t  achieve 
p r a c t i c a l  value f o r  medical science.  

I 
--"Introduction," Strahlentherapie ,  1 (1912) 2. 

Let us not forge t . .  . t ha t  a s e r i e s  of wel l-establ ished 
c l i n i c a l  observations i s  as  s o l i d  a foundation on which 
t o  theor ize  a s  a r e  laboratory experiments upon the  
acce lera t ion  of an electroscopic leak  ... t h e  wise physician, 
while fami l ia r iz ing  himself i n  so f a r  as  k y  be with a l l  t h e  
advances of physics and chemistry, w i l l  regard these  sciences 
not as  i n f a l l i b l e  guides,  bu t  a s  handmaidens t o  h i s  a r t .  
He w i l l  remember t h a t  t he re  a r e  more th ings  i n  l i f e  than 
can be weighed i n  a balance o r  measured by t h e  micro-millimetre 
s ca l e  . . 

--Francis Hernamen-Johnson, M. D. ,  "Theory and Prac t ice  i n  
Ray Therapeutics,  I' Journal  of t h e  RSntaen Society,  9 ( 1913) 
86.2 

By t h e  beginning of World War I ,  r ad ia t ion  pro tec t ion .had  

developed dramatically from i t s  modest beginnings i n '  t he  recommend- 

a t ions  Albers-SchSnberg made i n  1903. The need f o r  pro tec t ion  from 

e f f e c t s  , in  deep-lying t i s s u e s  a s  wel l  a s  from derinat i t is  had been 

thoroughly demonstrated. A broad ar ray  of pro tec t ive  devices was 

commerci.ally ava i lab le ,  and professional  s o c i e t i e s  were ac t ive ly  

promoting pro tec t ion  measures. Both X-rays and radium were sub- 

j ec t  t o  quan t i t a t i ve  measurements, but  with d i f f e r en t  l e v e l s  of 

prec is ion  and accuracy. Radium measurements by 1913 were in t e r -  

na t iona l ly  comparable t o  within. a few p a r t s  per  thousand, with 

t h e  laboratory and t h e  c l i n i c  v i r t u a l l y  on a par  i n  measuring 

capab i l i t i e s .  C l in i ca l  X-ray measurements were much l e s s  prec ise ,  



and the  laboratory and t h e  c l i n i c  used d i f f e r en t  measuring 

inst.ruments as  wel l  a s  d i f f e r en t  u n i t s  'of X-ray quant i ty  and 

qual i ty . .  . '  

'How did  protect.ion gain a  s t rong hold on the  medical radio- 

l o g i c a l  community i n  th'e decade before World War I? How did  

devices f o r  pl'otection and measurement become widespread, and 

why were the  r e s u l t s  so d i f f e r en t  f o r  X-rays and f o r  radium? 

To answer these questions,  I s h a l l  turn f i r s t  t o  two 

discoveries ,  made i n  1903, of e f f e c t s  of rad ia t ion  on deep-lying 

t5ssues.  The scope of rad ia t ion  therapy would expand dramatically 

a s  these  discoveries of deep e f f e c t s  were' put t o  use i n  c l i n i c a l  
. . . .  . . . . .  . 

prac t i ce .  The discovery of deep e f f e c t s  would a l s o  grea t ly  expand . .  . . . . . 
. . 

. .  . 
publ ic -  &d professidnal  f e a r s  concerning the  e f f e c t s  of r ad i a t ion ,  . .  . 

as  would the  c o n f i h a t i o n  a f t e r  1903 of X-ray induced carcinoma. 

Physicians would reac t  t o  these fears  by claiming exclusive cont ro l  

over the  diagnostic and therapeut ic  uses of X-rays. A t  t he  same 

time, the  medical rad io logica l  community would recognize t h a t  

physician cont ro l  alone could not avoid harm o r  s a t i s f y  the  publ ic .  

Protect ion and measurement techniques were e s s e n t i a l .  With t h e i r  

introduct ion,  s c i e n t i f i c  and medical radiology would be drawn c loser  . 

together  i n  p r inc ip l e ,  but t he  laboratory and the  c l i n i c  continued 

t o  use d i f f e r en t  methods and un i t s  of X-ray measurement. In  

radium work, economic considerations and i n s t i t u t i o n a l  cons t ra in ts  

would force a  much g rea t e r  degree of uniformity i n  measurement 

technique. Radium pro tec t ion ,  however, would remain a  haphazard 

a f f a i r ,  with public and professional  enthusiasm f o r  t he  benef i t s  



5 5 

of  radium and radium emanation f a r  outweighing i s o l a t e d  voices of 

concern. 

Sca t te red  repor t s  of deep e f f e c t s  a f t e r  rad ia t ion  exposure 

had appeared before 1903; but they had been discounted a s  i s o l a t e d  

events without any general bearing on medical rad io logica l  

procedures. A published repor t  on a stomach cancer t h a t  improved 

with exposure t o  X-rays went unnoticed, though it has o f t en  been 

c i t e d  s ince.3 Symptoms reported a s  s ide  e f f e c t s  of diagnost ic  o r  

therapeut ic  i r radiat ion-- including hear t  pa lp i t a t i ons ,  bel lyaches,  

and nausea--were to6  obviously subjec t ive  t o  a t t r a c t  sustained 

a t t e n t i ~ n . ~  Physicians would soon view t h e  repor t s  of i l l n e s s  

a f t e r  i r r a d i a t i o n  i n  a d i f f e r en t  l i g h t ,  and damage t o  t h e  l i n i n g  

of  t he  stomach and the  i n t e s t i n e s  may account f o r  a t  l e a s t  some 

of the syruptoms .5 Before deep e f f e c t s  became well  known, however, 

t h e  p a t i e n t s '  complaints were f o r  t he  most pa r t  regarded a s  

spurious. Pa t i en t s ,  a f t e r  a l l ,  were understandably exc i ted  when 

undergoing X-ray examination f o r  t h e  f i r s t  time. The noisy c l a t t e r  

of mechanical i n t e r rup te r s ,  the  mysterious glow of the  tube .and of 

t he  f luorescent  screen, and t h e  awesome profusion of e l e c t r i c a l  

apparatus aggravated t h e  na tu ra l  anxiety accompanying t h i s  novel 

experience. Evidence of e f f e c t s  on t h e  deeper layers  of t h e  sk in  

l ikewise. : . fa i led t o  a i t r a c t  a t t en t ion .  As . .early a s  1898 ,  h i s to log ica l  

inves t iga t ion  had suggested t h a t  t he  primary l e s ion  i n  X-ray i 
dermat i t i s  was not i n  t h e  most s u p e r f i c i a l  l aye r  of t he  sk in ,  the  

epidermis, but  r a t h e r  i n  t h e  blond v ~ s a s l s  of t he  lawes-lyillg 

corium. X-rays appeared t o  destroy t h e  tun ica  intima, t he  



e l a s t i c  inner  l i n i n g  of  t he  blood vesse ls ,  and t h e  r e s u l t i n g  

expansion of t he  vesse ls  caused t h e  symptomatic swell ing and redness 

of t he  sk in .  This e f f e c t  on deep-lying blood vessels  was, however, 

a t t r i b u t e d  t o  a ' special  s e n s i t i v i t y  of  t h e  tun ica  intima, and it 

did not therefore  arouse a general i n t e r e s t  i n  t h e  p o s s i b i l i t y  of 

deep e f f e c t s  .. So far as radium was concerned, thgre were before 

1903 repor t s  of fa t igue  .among laboratory workers, but t h i s  common 

symptom was usual ly a t t r i b u t e d  t o  long hdurs df work.'l x-rays and 

gamma rays were known t o  penet ra te  t he  body, but t h e i r  b io logica l  

e f f e c t s  were assumed t o  be l imi ted  i n  depth. 

This assumption t h a t  only s u p e r f i c i a l  e f f e c t s  0ccurre.d .had 

some j u s t i f i c a t i o n  i n  Kienbbck's experiments and i n  contemporary 
. . ( .  : . . . _ '  ' .  . . . . 

physics.  The e l e c t r i c a l  view was rapidly forgot ten,  and along '. . . 

with i.t the  purpose of Kienbbck's experiments. Thereafter ,  . '  

Kienb6ck was s a i d  t o  have es tab l i shed  t h a t  only absorbed rad ia t ion  

could cause b io logica l  e f f e c t s .  Rays t h a t  passed through b io logica l  

mater ia l  without being absorbed were believed t o  have no e f f ec t s .  

Absorption of homogeneous X-rays ( t h a t  is ,  X-rays of t he  same' 

degree of  hardness) and of gamma rays obeyed an exponential  law: 

-Ad I = Ioe ( A )  

where I was t h e  i n i t i a l  i n t e n s i t y  of the  rays,  I w a s  t h e  
-0 

i n t e n s i t y  a f t e r  passage through .a mater ia l  of thickness 2, and h_ 

( t h e  absorption coe f f i c i en t )  was a constant t h a t ,  f o r  any given hardness 

of t h e  rays ,  was cha rac t e r i s t i c  of.  t he  mater ial  i n  which the  

absorption took place. Since i n t e n s i t y  according t o  t h i s  law f e l l  

o f f  exponentially with depth, i t . w a s  reasonable t o  expect b io logica l  



e f f e c t s  caused by absorbed rad ia t ion  t o  be confined t o  t h e  surface 

layers  of t i s s u e .  

This expectation t h a t  no e f f e c t  would bccur ' in deeper t i s s u e s  
. 

proved. incor rec t .  It was a reasonable expectation t h a t  would have 

been supported by t h e  weight of t h e  evidence ava i lab le  ea r ly  i n  

1903. But without a t h e o r e t i c a l  bas i s  f o r  pred ic t ing  how l a rge  an 

e f f e c t  should be, and without t h e  capacity t o  car ry  out t h e  appropriate  

experiments, even a vast  quant i ty  of  evidence cannot prove t h a t  an 

e f f e c t  does not occur. A few- observations can, however, demonstrate 

t h a t  it does occur. The "no ef fec t"  a s se r t i on  i s  therefore  

s ingular ly  vulnerable i n  t h e  c l i n i c ;  it i s  l e s s  vulnerable i n  t h e  

laboratory,  where t e s t s  of a predicted e f f e c t  can l ead  t o  d e f i n i t i v e  

conclusions. We sha l l . neve r the l e s s  see  the  "no effect1 '  a s se r t i on  

made repeatedly where no experiment has been done, and even when no 

confirmatory experiment i s  possible .  The "no e f f ec t "  a s se r t i on  

is  a common response t o  publ ic  concerns with t h e  impact of a new 

technique, a response t h e  publ ic  appears t o  demand and t h a t  

professionals  a r e  frequently w i l l i ng  t o  provide i n  order  t o  pro tec t  

t h e i r  profession. When t h e  "no e f f ec t "  a s se r t i on  turns  out t o  have 
" 

been incor rec t ,  a s  it of ten  does, we should not however assume 

t h a t  t he re  was in t en t iona l  chicanery involved, though of course i n  

spec i f i c  instances t he re  may have been. I n  1903, X-ray p rac t i t i one r s  

stood t o  l o s e  even more than t h e  publ ic  from being incor rec t  about deep 

e f f ec t s .  With many p rac t i t i one r s  already sufferi.ng:'from chronic dermat i t i s  

. . 



and the  publ ic  aroused, t he  leadership of t h e  medical rad io logica l  

community was c l ea r ly  i n  favor  of recognizing r ad ia t ion  r i s k s  and 

taking pro tec t ion  measures. It i s  t o  t h i s .  a t t i t u d e  t h a t  t h e  

rap id  response t o  t he  discovery of deep e f f e c t s  should be a t t r i bu ted .  

But before 1903 it was overwhelmingly obvious and s traightforward 

t o  assume t h a t  no' deep e f f e c t s  occ,urred; it was a l so  wrong. 

The discovery of deep e f f e c t s  stemmed from c l i n i c a l  experience. 

Albers-Schijnberg demonstrated e a r l y  i n  1903 t h a t  guinea pigs and 

hamsters could be s t e r i l i z e d  by exposure t o  X-rays without causing 

surface lesi.ons.8 He l e f t  no t r a c e  of h i s  motivations i n  looking 

f o r  s t e r i l i t y ,  but it appears l i k e l y  t h a t  he had been t r e a t i n g  
. . 

eczema of t he  scrotum w i t h  X-rays. 9 .  For a Physician already . . 
. . 

. .  . 
.concerned with the  ' effdcts:  bf X-rays, but probabiy unconcerned 

with t h e  exponential absorption law, it would be a shor t  s t e p  t o  

wonder whether such therapy might be causing harm t o  the  reproductive 

capaci ty .of h i s  pa t i en t s .  A t  about t h e  same time, an American 

physician reported t h a t  he had cured a case of pseudoleukemia, a 

disease i n  which lymphoid t i s s u e  p r o l i f e r a t e s ,  by i r radiat ing ' lymph 

nodes.'' The physician i n  question believed pseudoleukemia, which 

is today known as Hodgkin's disease,  t o  be "microbial1' i n  o r ig in ,  

and he was probabiy working on the  l a rge ly  d iscred i ted  assumption 

t h a t  X-rays had a bac t e r i c ida l  e f f e c t .  This repor t  of c l i n i c a l  

success nevertheless  r a i s ed  i n  t he  minds of  o ther  physicians and 

b io log i s t s  t h e  question of  whether X-rays a f fec ted  t h e  hematopoietic, 



o r  blood-forming, organs and t h e  blood i t s e l f .  Affirmative 

answers were rap id ly  forthcbming from severa l  quar te rs .  l1   either 
t h e  discovery of s t e r i l i z a t i o n  nor t he  discovery of e f f e c t s  on . 

t he  blood and blood-forming organs depended on knowledge of 

contemporary physics,  which might.even have proved misleading. 

T r i a l  and e r r o r  was s t i l l  proving f r u i t f u l  i n  mapping unexplored 

t e r r i t o r y .  

The discovery of s t e r i l i z a t i o n  and of e f f e c t s  on t h e  blood 

and blood-forming organs had far-reaching implications f o r  rad ia t ion  

Zherapy. No longer was rad ia t ion  l imi t ed  t o  t he  treatment of 

dermatological ailments.  From 1903 on, deep therapy became the  

most exc i t ing  area f o r  c l i n i c a l  t r i a l s .  Rather than looking 

a t  t h e  exponential absorption of r ad i a t ion  and concluding t h a t  

t he  e f f e c t s  would be confined t o  s u p e r f i c i a l  l aye r s  of t i s s u e ,  

p rac t i t i one r s  began t o  ask how g rea t e r  amounts of rad ia t ion  could 

be del ivered t o  deeper t i s s u e  without causing dermat i t i s  .12 More 

penetrat ing rays were obviously preferab le .  F i l t e r i n g  X-rays 

through l e a t h e r  o r  metal could remove t h e  s o f t e r  rays t h a t  were 

absorbed i n  t he  skin and caused dermat i t i s .  The gamma rays of 

radium were soon recognized t o  be espec ia l ly  usefu l  s ince  they 

were more penetrat ing than the  haraes t  rays' ava i l ab l e  from an X-ray 

tube. I f  t he  X-ray tube o r  radium were moved f a r t h e r  away from 

the  p a t i e n t ,  a g rea t e r  proportion of t h e  rad ia t ion  was absorbed i n  

t h e  deeper layers  r e l a t i v e  t o  t h e  mores s u p e r f i c i a l  l aye r s  of  t i s s u e .  



This procedure thus enabled grea te r  doses. to . -  . . 

be del ivered t o  deeper t i s s u e s  without causing dermat i t i s  i n  t he  

over-lying skin.  . I r r ad i a t ion  from several  d i f f e r en t  d i rec t ions  

l ikewise permitted g rea t e r  doses t o  be del ivered t o  deeper t i s sues .  1 3  

Deep therapy was t o  take  a giant  s t e p  during and a f t e r  World War I 

with t h e  invention of hot-cathode X-ray tubes,  but already i n .  t he  

f i r s t  decade . o f .  t h e  twentieth century the re  . w a s  intense i n t e r e s t  and ' 

widespread debate concerning treatment of leukemia and o ther  blood 

diseases ,  of u te r ine  fibromas by i r r a d i a t i o n  of t h e  ovar ies ,  and .of 

other  deep-lying neoplasia.  1 4  

In  addi t ion t o  the  discovery of deep e f f e c t s ,  and the  advent 

of deep therapy, 1903 and succeeding years  saw the  confirmation of 

X-ray induced carcinoma. Edison's @s,sistant, mentioned i n  Chapter 

2 ,  was ndt an i s o l a t e d  case. In  . t hk  years  1903 t o  1911, f i f ty - four  
> .  

. . 

other  cases were reported.i5 Of t h e s e ,  twenty-six were physicians,  

twenty-four were technicians,  and four were pa t i en t s .  Twenty-six 

cases were reported i n  t h e  United S t a t e s ,  a p l u r a l i t y  t h a t  probably 

r e su l t ed  from t h e  widespread experimentation with X-rays here a f t e r  

1896. Germany and England each reported t h i r t e e n  cases.  Only 

two were reported i n  France, probably because of t h e  continued use 

there  o f .  r e l a t i v e l y  low i n t e n s i t y  tubes exci ted by s t a t i c  generators 
16  

r a t h e r  than by induction c o i l s .  The pain of t h e  chronic les ions  

was "almost unequaled by any o ther  disease." Surgery usually 

proved incapable of h a l t i n g  t h e  spread of t he  malignancies,. and 

repeated amputations became the  rule .17 Eleven deaths were 

unequivocally a t t r i b u t e d  t o  X-ray induced carcinoma between 1904 

and 1911, including the  deaths of  e ight  physicians .la A t  l e a s t  

one death occurred annually during those years .  



X-ray induced carcinoma, along with deep e f f e c t s ,  posed 

t h r e a t s  not only t o  t h e  hea l th  of  ind iv idua l  p r a c t i t i o n e r s  and 

p a t i e n t s ,  but  a l s o  t h e  v i a b i l i t y  of medical radiology a s  a profession.  

I n  t h i s  regard, t he  e f f e c t s  on t h e  blood and blood-forming organs 

were a t  f i r s t  r e l a t i v e l y  unimportant. Only a f t e r  World War I ,  

when t h e i r  f a t a l  consequences became known t o  the  publ ic ,  d id  

blood diseases  caused by X-rays begin t o  play a major r o l e  i n  t he  

h i s to ry  of rad ia t ion  pro tec t ion ,  a s  I s h a l l  discuss  i n  Chapter 5 .  

I n  t h e  decade before t h e  War, t he  confirmation of X-ray induced 

carcinoma and t h e  discovery of  s t e r i l i z a t i o n  had t h e  g rea t e s t  impact 

on public and professional  perceptions. 

Within medical radiology, the  r i s k  of s t e r i l i t y  aroused s t rong 

f e a r s  f o r  t he  reproductive capacity of both p rac t i t i one r s  and 

pa t i en t s .  C l in i ca l  s tud ie s  soon confirmed t h a t  many r ad io log i s t s  

were aspermatic .19 Histological  inves t iga t ions  i n  labora tory  

animals showed t h a t  X-rays destroyed the  epithelium of t he  semini- 

ferous canal;  t h e  f u l l y  developed sperm were not necessar i ly  harm- 

20 
f u l ,  but  t he  c e l l s  t h a t  produced them were destroyed. Laboratory 

experiments showed t h a t  X-rays could a l so  cause atrophy of mammalian 

ovaries.21 The s o c i a l  implicat ions were dramatic: 

Thus aspermia i n  t he  male, s t e r i l i z a t i o n  i n  the  female, 
these  a r e  two of t h e  most f e a r f u l  discoveries  t h a t  very 
recent experiments br ing us ,  and i s  one not j u s t i f i e d  i n  
saying t h a t  here t h e  use of X-rays i n  medicine has 
consequences t h a t  extend i n t o  the  sphere of t he  i n t e r e s t s  
of t he  individual?  t h a t  it touches d i r e c t l y  on t h e  most 
se r ious  of all  s o c i a l  problems, t he  reproduction of t he  species?22 

Some p rac t i t i one r s  welcomed X-rays as an ideal  tnnl f o r  birth 

cont ro l .  23 Others thought b i r t h  cont ro l  fundamentally immoral and 

an t i soc i a l ,  o r  even unpat r io t ic  A l l  recognized t h a t  with t h e  



discovery of s t e r i l i z a t i o n  came a new and important impact on 

soc ie ty  with which medical radiology a s  a  profession would have 

t o  reckon. 

Professional  f e a r  of t h e  publ ic  reac t ion  t o  s t e r i l i t y  was a  
. . 

good deal  s t ronger  than t h e  r e a l i t y  would appear t o  j u s t i f y .  - . 

The newspapers seem t o  .have continued t o  be mdre i n t e r e s t e d  i n  t he  

X-ray burns than i n  what t h e  p r a c t i t i o n e r s  regarded as t h e  more 

ser ious s o c i a l  p e r i l .  25' It was, however, easy t o  imagine the  

concerns t h e  publ ic  might express and t h e  heightened prospects f o r  

government intervent ion i n  regula t ing  the  use of X-rays. This 

p a r t l y  imagined t h r e a t  t o  t h e  profession had profound e f f e c t s ,  j u s t  

a s  t h e  more tangible  t h r e a t  of law s u i t s  had had a  few years  e a r l i e r .  
. . . .  . . . 

.. , . . . . . . 

. . So f a r  as X-ray induced carcinoma was .concerned, .the.me'dical:. . . 
. . 

. . .  rad io logica l  profession general ly  viewed t h e  moment of  g rea t e s t  .' . . 

danger as  pas t ,  but publ ic  concern forced the  r i s k  of carcinoma t o  

a  high p r i o r i t y  i n  protect ion considerat ions.  The introduct ion of 

pro tec t ion  measures would, t he  professionals  thought, avoid burns 

and chronic dermat i t i s  a l toge ther  and reduce the  r i s k  of carcinoma 

t o  a negl ig ib le  l eve l .  The cases occurring a f t e r  1903 were, i n  t h i s  

professional  view, t h e  unavoidable backlog of t h e  previous lack  of 

caution. I n  t h e  professional  l i t e r a t u r e ,  t h e  announcements of death 

became rout ine:  "He w i l l  be long remembered for '  h i s  ' s k i l l  and 

kindness, and h i s  name w i l l  ever  be inscr ibed  i n  t h e  s c r o l l  of 

t h e  book of Martyrs t o  Science. 1126 The maudlin imagery of martyrdom 

became standard. Beneath it, however, l a y  anxiety not only f o r  



t h e  welfare of s e l f  and colleagues but  a l s o  f o r  t h e  profession,  

which was threatened with government in te rvent ion  and decl ining 

i n t e r e s t  among physicians .27 The a t t i t u d e  of t h e  profession 

toward t h e  victims was therefore  ambivalent, including not only 

sympathy for t h e i r  p l igh t  but  a l so  f e a r  of t h e  e f f e c t  t h a t  

excessive publ ic  reac t ion  might have on medical radiology: 

One cannot but  r eg re t  t h e  sensa t iona l  a r t i c l e s  on the  
subject  of burns and o ther  unfortunate accidents t h a t  
have happened t o  workers with X-rays. Of course we 
cannot but sympathi,ze with any who i n  t h e  pu r su i t  of 
t h e i r  profession have received i n j u r i e s  by incaut ious ly  
exposing themselves t o  t h e  rays,  but by allowing accounts 
of these misfortunes t o  appear i n  t h e  l a y  press  no 
good i s  gained, and a  grea t  deal  of harm i s  done, people 
have been alarmed, and many individuals  t o  whom the  
appl ica t ion  of rad ia t ions  f o r  radiograhpic o r  therapeut ic  
purposes would be of grea t  benef i t  r e f r a i n  from seeking 
t h e i r  a i d  f o r  f e a r  of t h e  harmful c 0 n s e ~ u e n c e s . ~ 8  

By making t h e  victims of X-ray induced carcinoma martyrs t o  

science,  the  medical rad io logica l  community could hope t o  j u s t i f y  ' 

t h e  l o s s  of l i f e  and a l s o  thereby of f -se t  t h e  negative publ ic  

reac t ion .  Not u n t i l  around 1910 was neoplasia  produced i n  laboratory 

animals using r ad ia t ion ,  but  wel l  before then t h e  c l i n i c a l  discovery 

had become a major f ac to r  i n  shaping the  development of .medical 

radiology and r ad ia t ion  pro tec t ion .  29 

Among the  physician p r a c t i t i o n e r s ,  t he  f i r s t  l i n e  of defense 

f o r  t he  p a t i e n t ,  and f o r  medical radiology, from deep e f f e c t s  and 

from X-ray induced carcinoma seemed obvious: as Albers-SchEnberg 

had urged, diagnost ic  and therapeut ic  use of X-rays should be the  

exclusive preserve of  physicians.  On t h i s  i s sue ,  t he  medical 

rad io logica l  community sought government in te rvent ion .  The newly- 



formed German Rbntgen Society i n  1905 passed a  reso lu t ion  urging 

t h a t  use of x-ray? be l imi t ed  by l a w  t o  physicians.  30, The French 

, Academy o f  Medicine followed s u i t  i n  1906, r e j ec t ing  an a l t e r n a t i v e  

reso lu t ion  t h a t  would have required physician supervision during 

operat ion of an X-ray tube b y  a  spec i a l ly  t r a i n e d  person.31 I n  

England, physicians i n  1905 urged l e g a l  ac t ion  i n  a  reso lu t ton  of 

t he  Electrotherapeut ic  SocTety. 32 They a l so  exerted exclusive . 

cont ro l  over t he  Archives of t h e  Rbntgen Ray, which had been t h e  

o f f i c i a l  organ of t he  R6ntgen Society,  and formed an Electro- 

therapeut ic  Section of t h e  B r i t i s h  Medical Association, thus 

c rea t ing  a forum f o r  medical radiology dominated by physicians.  33 
'.' . 

This move forced the  Rbntgen Society,  which aimed t o  promote 
. . . . 

. . . . ,.' cooperation bgtween physicians and nonphyslcians, t o  found i t s  own 

.. . 
. , '  ~ o u r n a l . ~ ? .  The Rzntgen Ray soc i e ty  df America, which included ndn- 

physicians,  was forced t o  found i t s  own Transactions when physicians 

took complete cont ro l  of t he  American X-ray Journal ,  which expanded 

i t s  scope t o  include electrotherapy.  35 The campaign aga ins t  

nonphysiciim p rac t i t i one r s  appears t o  have f a l l e n  shor t  of es tab l i sh ing  

any new l e g a l  prohib i t ions  i n  Europe o r  i n  t he  United S ta t e s .  The 

e f f o r t  t o  exe r t  physician cont ro l  over medical radiology did,  

however, contr ibute  t o  t h e  reduction i n  t h e  number of nonphysicians 

i n  p rac t i ce ,  a  reduction t h a t  f ea r s  of  t h e  e f f e c t s  of  X-rays had 

already i n i t i a t e d .  The campaign against  nonphysicians a l so  es tab l i shed  

a  s p l i t  i n  professional  i n s t i t u t i o n s  t h a t  was only slowly bridged 

during t h e  next two decades. 36 



While physicians se ized  t h e  opportunity t o  exer t  exclusive 

cont ro l  over medical radiology, xiany p rac t i t i one r s  (physician and 

nonphysician ) , technicians,  and manufacturers thought fu r the r  

responses t o  t h e  discovery of deep e f f e c t s  were a l s o  i n  order.  

I f  reserving the  p rac t i ce  of  medical radiology t o  physicians was 

wise, it w a s  because of t h e i r  general  medical knowledge r a the r  

than their.knowledge of X-rays. The dermat i t i s  from which so 

many physician p rac t i t i one r s  suf fered ,  and the  law s u i t s  f i l e d  

against  them, showed t h a t  physicians were not espec ia l ly  well- 

equipped f o r  rad ia t ion  protect-ion. 37 Moreover, t he  'discovery of 

deep e f f ec t s  g rea t ly  increased t h e  need f o r  spec ia l ized  knowledge 

o f  r ad i a t ion ,  f o r  dosage measurements, and f o r  pro tec t ive  devices. 

Physicians were ac t ive  i n  meeting these new demands, but  s o  too were 

nonphysicians. On t h e  b io logica l  s i d e ,  the  discovery of e f f e c t s  

on t h e  production of germ c e l l s  and of radiation-induced carcinoma 

a t t r a c t e d  t h e  a t t e n t i o n  of research workers i n  biology, a s  we 

s h a l l  . see i n  Chapter 4. On t h e  physical  s ide ,  t he  discoveries  

of 1903 i n t e n s i f i e d  i n t e r e s t  i n  dosage measurements and pro tec t ive  

devices and l e d  t o  a decade of p r a c t i c a l  e f f o r t s  t h a t  I s h a l l  

describe here i n  d e t a i l .  

The pro tec t ive  devices introduced a f t e r  t h e  discovery of  

deep e f f e c t s  and of X-ray induced carcinoma i n  1903 general ly  aimed 

t o  avoid exposure of t h e  operator  of t he  X-ray tube and those 

p a r t s  of t h e  p a t i e n t ' s  body t h a t  were not being t r e a t e d  o r  diagnosed. 

I n  p r inc ip l e ,  all unnecessary exposure was t o  be avoided. A l b e r ~ -  



Schanberg and o thers  advocated t h a t  t h e  operator  s tand i n  a double- 

l i n e d  lead  box while using an X-ray tube,  which was t o  be 

enclosed i n  a l e a d  box t h a t  allowed only a narrow penci l  of rays 

. : t o  escape.38 Lead-impregnated g l a s s  and rubbef appeared on t h e  

market. 39 The g l a s s  was used t o  l i n e  fluoroscopic screens and i n  

"X-ray proof" spectacles  ( i n  order  t o  p ro t ec t  t h e  p r a c t i t i o n e r  

during radioscopic e x e n a t i o n )  and als'o t o  manufacture X-ray tubes  

with unleaded windows (through which only t h e  X-rays t h a t  were t o  

be used could pas s ) .  Lead-impregnated rubber w a s  p referab le  t o  

lead  sheet  f o r  pro tec t ing  the  pa t i en t  i s  body because it was more 

f l e x i b l e  and durable a s  wel l  a s  e a s i e r  t o  d i s i n f e c t .  An English 

observer reported as ea r ly  a s  1905, a f t e r  a t tending the  founding 
.. . . . . . 

. . . . 
.sess,ion of the: German RGntgen .society:  

, 

. . . - .  
' A. wonderful co l lec t ion  of sh ie lds  ,. o r .  ' ~ c h u t z - ~ ~ ~ a r a t u s ;  ' 

was exhibi ted.  Gloves, aprons and spectacles  were universal ly  
worn. A mannikin was exhibi ted clothed i n  armour of X-ray 
proof,  from eyes t o  boots,  not fo rge t t i ng  t h e  mustache, 
t he  most cherished ornament of t he  German physician. 40 

German manufacturers continued t o  l ead  the  f i e l d ,  but pro tec t ion  

devices a l s o  spread rap id ly  t o  other  count r ies .  

Though pro tec t ion  aimed t o  avoid a l l  unnecessary exposure, 

c l i n i c a l  p rac t i ce  required compromises. Few operators used t h e  

lead-l ined boxes. Radioscopy, which necessar i ly  exposed the  

operator  during h i s  viewing of t h e  f luorescent  screen,  remained i n  

widespread use, both because some diagnoses required it and 

because it allowed more pa t i en t s  t o  be examined i n  l e s s  time. 42 

Many p rac t i t i one r s  took care t o  avoid the  primary beam of X-rays . 

leaving the  tube,  but they o f t en  paid no a t t e n t i o n  t o  t h e  sca t t e r ed  



x-rays arising from materials struck by the primary beam. 43 Some 

practitioners thought it sufficient to merely stand behind or 
\ 

above the anticathode, because they mistakenly assumed, as 

KienbGck had, that X-rays were emitted only on the side of the 

anticathode struck by the cathode Thus, the need for 

protection after 1903 was not in undispute, but under the actual 

conditions of practice in the clinic the degree ,of protection 

achieved varied widely. The individual practitioner had to 

consider the need for speed, convenience and simplicity as well. 

Protection measures were not, however, left entirely'up to 

individual practitioners. Public reaction threatened the 

profession, and the profession responded by discussing protection 

at its meetings, appointing special committees, and subjecting 

protection to decisions of the medical radiological community as 

a.whole. Recommendations that had community endorsement replaced 

the recommendations of a single wise man. The German R6ntgen 

Society played the leading role in these developments. In this 

Society, the issue of physician control had not led to a serious 

split, and nonphysicians continued to play a major role. In 

England, an attempt to establish professional standards through the 

physician-controlled Electrotherapeutic Society of the Royal 

Society of Medicine failed.45 The ~ritish RPntgen Society, in which 

both physicians and nonphysicians continued to participate, was 

the primary forum for discussion of protection measures, especially 



dosage measurements. I n  France, Austr ia ,  and the  United S t a t e s ,  

countr ies  t h a t  had ac t ive  medical rad io logica l  communities but  

no organizations in  which physicians and nonphysicians pa r t i c ipa t ed  

on an equal footing, t he re  were few signs of organized promotion 

of rad ia t ion  protect ion.  This pa t t e rn  i s  one we s h a l l  see  repeated. 

There were two reasons f o r  it: though t h e  b io logica l  e f f ec t s  of 
. . 

rad ia t ion  were of  medical i n t e r e s t ,  the  choice of prote'ction and 

measurement methods involved physical  and engineering questions 

with which physicians were not equipped t o  deal ;  and t h e  non- 

physicians,  including many who were associated k i t h  the,manufacturers 

of X-ray tubes,  were much more ready t o  take act ion than t h e  

physicians,  whose economic i n t e r e s t s  were more d i r e c t l y  a t  s take  
. . . . 

' ' and who maintained t h e  profe'ssional 'equilibrium with which they '  

" had been t r a ined  t o  observe disease.  Like the  general publ ic ,  t h e  

nonphysicians i n  t h e  medical rad io logica l  community were more 

readi ly  shocked. I n  a  sense, they represented t h e  publ ic  reac t ion  

i n  an at tenuated form, though with t h e  advantage of being i n  a  

pos i t ion  t o  t ake  pos i t i ve  ac t ion .  

From i t s  founding i n  1905 u n t i l  World War I ,  the  German Riintgen 

Society formed severa l  committees concerned with aspects  of r ad i a t ion  

protect ion.  ~ e n e r a l l ~ ,  these  committees or ig ina ted  i n  discussions 

a f t e r  re levant  papers a t  t he  annual congresses of t he  Society.  The 

papers were of ten  grouped together  i n  such a  way as t o  make the  

formation of a  committee a  na tu ra l  outcome of t h e i r  p resenta t ion ,  

so it i s  l i k e l y  t h a t  t h e  committees , r e f l e c t e d  t h e ' i n t e r e s t s  of 



the  Society 's  leadership.  I n  1905, a t  t h e  f i r s t  congress, a  group 

of papers on dosage measurements l e d  t o  t he  formation of a Commission 

f o r  t he  Determination of Permanent Standards f o r  t h e  Measurement 

of X-Ray I n t e n s i t y  ( l a t e r  sca led  down i n  i t s  object ive and 

renamed t h e  Special  Committee f o r  S c i e n t i f i c  and P r a c t i c a l  

Measurement ~ e t h o d s ) .  We s h a l l  discuss  below the  work of t h i s  

Commission, which repcjrted i n  1907 and ceased t o  e x i s t  i n  1912. 

I n  1909, two papers of fe red  evidence of damage t o  bone during 

r ap id  growth, a danger t h a t  aroused publ ic  and professional  concerns 

because X-rays were being used t o  t r e a t  ringworm i n  school chi ldren 

by e p i l a t i n g  t h e i r  scalps.46 These p a p e r s  led to' a S p e c i a l  Committee for 

- the  Survey of t h e  Influence of REntgen Rays on Body Growth, which 

reported i n  1910 t h a t  such i n j u r i e s  occurred i n  man very inf requent ly ,  

'but 

t h e i r  p o s s i b i l i t y  j.s nevertheless  present ;  thus X-ray 
therapy s h a l l  only be engaged i n  by physicians,  and 
general ly  by those s u f f i c i e n t l y  t ra ined;  i n  t he  hands 
of every layman and incompetent it is a  v ry dangerous 
a f f a i r  t h a t  can cause i r r epa rab le  in jury .  &7 

When i n  doubt, t h e  medical rad io logica l  community r e i t e r a t e d  t h e  

need f o r  physician cont ro l .  

The German RGntgen Society a l s o ,  however, went f a r t h e r  than 

the  i ssue  of physician cont ro l  i n  pressing r ad ia t ion  pro tec t ion .  

The Society adopted i n  1910 a  s e t  of "Theses" concerning rad ia t ion  

damage t h a t  had been recommended t o  it by a  physician who had 

frequent ly ac ted  a s  an expert i n  court  cases.48 These Theses 

es tab l i shed  general standards of professional  conduct, including 

ab l tga t ions  t o  provide and use pro tec t ion  apparatus and dosage 



measurement deirices, t o  obtain l i a b i l i t y  insurance, and t o  permit 

only experienced personnel t o  work i n  X-ray c l i n i c s .  The implication 

was t h a t  a physician who abided by t h e  theses  would be b e t t e r  o f f  

i n  any l e g a l  ac t ion  taken against  him. Three   ears l a t e r ,  i n  1913, 

t he  German Riintgen Society reinforced t h e  general ob l iga t ions  of 

, t he  Theses with an " Ins t ruc t ion  Sheet" of pro tec t ion  r u l e s ,  which 

was t o  be posted i n  X-ray c l i n i c s  i n  workshops where tubes . . 

were made and tested.4g The ru l e s  es tab l i shed  as  ' t h e  'minimum 
. . 

protec t ion  during lengthy i r r a d i a t i o n s  2 -mm of lead ,  o r  i t s  . 

equivalent i n  o ther  mat.erials. The Ins t ruc t ion  Sheet a l s o  authorized 

workers i n  X-ray c l i n i c s  and employees of  tube manufacturers t o  

refuse work i f  adequate pro tec t ion  was not provided. Otherwise, . . 

. . 
,compliance was voluntary, though here again abiding by' t h e  . . 

. . .  . . . . .  . . 
. . ru l e s  migh.t prove useful  i n  defending .against .law sui ts ' .  ~ompliance ' '  

. . . . . . .. ,. . . 

might a l so  make it e a s i e r  t o  obtain insurance t o  cover l i a b i l i t y  

f o r  i n j u r i e s  t o  pa t i en t s  and practit ioner. .  50 The 2 mm of  l ead  

was a p r a c t i c a l  compromise t h a t  did not i n t e r f e r e  unduly wtth 

c l i n i c a l  manipulations. The spec i f i c  f igure  had very l i t t l e ,  i f  

any, support from laboratory experimentation. Clear ly,  however, 

important developments had taken place i n  t h e  wake of t he  discovery 

of  deep e f f e c t s  and X-ray induced cancer: professional  discussion 

of  pro tec t ion  measures had gone f a r  beyond the  i s sue  of physician 

cont ro l ,  and t h e  German medical rad io logica l  community was es tab l i sh ing  

pro tec t ion  standards t h a t  aimed t o  limit doses t o  both pa t i en t s  

and p rac t i t i one r s .  



This de t a i l ed  discussion of rad ia t ion  pro tec t ion  included 

discussi'on of X-ray measurement techniques, which came i n t o  use 

more slowly than pro tec t ion  devices. 51 Dose measurements, as  I 

noted i n  Chapter 2 ,  became an i s sue  with Kienb6ck1s demonstration 

t h a t  X-rays themselves caused b io logica l  e f f e c t s  and with h i s  

associated suggestion t h a t  therapy should be administered i n  fewer 

and sho r t e r  s i t t i n g s .  One of  Kienb6ck1s supporters ,  Guido Holzknecht, 

introduced the  f i r s t  dosimeter designed f o r  c l i n i c a l  use,  a device 

termed a "chromoradiometer. It was simply a yellow disk of 

unspecified composition t h a t  turned darker on exposure t o  X-rays. 

The un i t  of dose, g ( a f t e r  t h e  inventor  of t h e  device) ,  was one- 

t h i r d  of t he  dose required t o  produce a s l i g h t  erythema on normal 

adul t  sk in .  The chromoradiometer was supposed t o  be, above a l l ,  

a p r a c t i c a l  device t h a t  any physician could u t i l i z e  without unduly 

complicating h i s  c l i n i c a l  procedures. The disk was s ipply  placed 

on t h e  p a r t  of t h e  body t o  be exposed and compared with a standard 

sca l e  of' th ree  shades of yellow, each corresponding t o  15. A minimum 

of knowledge and manipulation was required,  t he re  was no need f o r  

t h e  operator  t o  understand how t h e  color  change came about, and 

t h e  device could be read d i r e c t l y  without any ca lcu la t ion .  

The discovery of deep e f f e c t s  and t h e  confirmation of X-ray 

induced carcinoma i n  1903 vas t ly  increased t h e  incent ive  t o  use 

X-ray measurements and l e d  t o  t h e  introduct ion of o ther  dos5meters. 

Holzknecht's chromoradiometer, though it remained i n  use i n  modified 

form a t  l e a s t  u n t i l  World War I ,  f a i l e d  t o  a t t a i n  universa l  



acceptance. It was d i f f i c u l t  t o  read because of t h e  small differences 

i n  t h e  shades of yellow and the  v a r i a b i l i t y  of t h e  ava i lab le  l i g h t .  

Holzknecht's colleagues resented h i s  decis ion t o  keep the  composition 

of t he  s a l t s  used i n  t h e  chromoradiometer a secre t .53  Two French 

physicians designed a "pas t i l l e "  made of barium platinocyanide. 54 

This device w m  s imi la r .  t o  Holzknecht's, but it was e a s i e r  t o  

compare with a s tandard s c a l e  as dehydration of t h e  barium plat ino-  

cyanide caused a co lor  change from t h e  br ight  green t i n t  A t o  t h e  

dark yellow t i n t  B with exposure t o  a quant i ty  of X-rays supposedly 

equivalent t o  3 g. Designed i n i t i a l l y  f o r  measuring dosage i n  t h e  

treatment of ringworm, t h e  Sabouraud-Noir6 p a s t i l l e  became the  most 

commonly used c l i n i c a l  dosage device f o r  a l l  therapeut ic  procedures 

before World War I ,  despite '  the.dependence bf t he  p a s t i l l e  rea.dings , 
. . 

on t h e  l i g h t  ava i lab le  and on t h e  ambient temperature and humidity, 
. . .  . . . .  

and despi te  the  requirement t h a t  it be placed halfway between t h e  

anticathode and the  p a r t  of t he  body t o  be exposed. 55 Also popular 

w a s  Bord ier l s  var ian t  of t h e  Sabouraud-Noir6 p a s t i l l e ,  which was 

placed d i r e c t l y  on t h e  body and compared with a standard' s ca l e  of 

four  t i n t s ,  corresponding t o  t h e  "principal  react ions required i n  

radiotherapeut ic  treatment.  "s6 Kienbbck proposed a photogrlzphic 

'1qu8ntimeter" based on t h e  comparison of exposed s i l v e r  bromide 

paper with a s tandard sca l e .  H i s  u n i t , & ,  w a s  o r ig ina l ly  equal 

t o  one-half of 'Holzknechtls K ,  though both were l a t e r  changed. 57 

These "direct"  methods and u n i t s  of  X-ray dosage were the  

most commonly used ones i n  t he  decade a f t e r  1903, but almost any 



physical  o r  chemical e f f e c t  of X-rays could be made the  bas is  of 

a new method. The re lease  of iodine gas from a so lu t ion  of iodine 

i n  chloroform, t he  p rec ip i t a t i on  of calomel (mercurous ch lor ide)  

from a so lu t ion  of ammonium oxala te  and mercuric ch lor ide ,  t he  

decrease of e l e c t r i c a l  r e s i s t ance  of selenium, and many o ther  X-ray 

e f f e c t s  were used t o  design measurement devices f o r  t he  c l i n i c .58  

These numerous "direct"  methods of  measuring X-ray quant i ty  

did not exhaust t h e  ingenuity of t h e  inventors .  Also ava i lab le  

were a number of " indi rec t"  methods based on t h e  parameters of 

t he  X-ray tube r a t h e r  than on measurement of i t s  output.  The 

quant i ty  of X-rays produced was thought t o  be proport ional  t o  

t h e  current  through t h e  tube. This high-voltage "secondary" 

current  depended on t h e  type of i n t e r r u p t e r  used and t h e  frequency 

of t he  in te r rupt ion ,  so it was not r e l a t e d  i n  a simple way t o  t h e  

low-voltage "primary" current  used t o  exc i t e  an induction c o i l .  

The secondary current  had t o  be measured e i t h e r  by a milliammeter, 

o r  by t h e  heat generated i n  t h e  ant icathode o r  i n  the  w a l l  of t h e  

tube behind the  anticathode. Of t h e  various milliammeters.available, 

t he  .llDeprez-~'Arsonval" instrument,  which had a small  pivot ing . 

c o i l  i n  t h e  f i e l d  of a f ixed  electromagnet, seems t o  have been.most 

commonly used.59 Special  tubes equipped. t o  measure the  hea t  generated 

by secondary cathode rays i n  t h e  wall  behind t h e  anticathode were 

ava i lab le  i n  Germany, but they do not appear t o  have been widely 

used even there .  6 o 

With some important exceptions t h a t  I s h a l l  mention below, 

both "direct"  and "indirect1'  measurements of X-ray. quant i ty  were 

assumed before World War I t o  be independent of X-ray qua l i ty .  



The term "dose" was used loosely,  sometimes r e fe r r ing  only t o  

quant i ty  and sometimes encompassing measurements of qua l i t y  as 

well .  The prec ise  re la t ionship  among these  parameters was undefined. 

P rac t i t i one r s  measured quant i ty  and qua l i ty . separa te1y  and used t h e  

res 'ul ts  t o  -specify c l i n i c a l  conditions.  The e f f e c t s  'of. qua l i ty  

differences on measurements of quant i ty  were general ly  not 

considered. 

s ince  qua l i t y  determined t h e  sharpness of an image on the  . 

photographic p l a t e ,  c l i n c c a l  methods of measwing' t h i s  parameter 

had b=en i n  use before 1900, and t h e  introduct ion of quaLity 

measurements cannot be l inked d i r e c t l y  with t h e  need f o r  protect ion.  

I n t e r e s t  i n  qua l i ty  measurements did,  however, increase markedly 

. . ' . '  . a f t e r '  Kienbiick' s work and. t he  discoveiy'. o f  deep ef3ec ts .  " '~ardnesd '  
. . . . 

-.. , . .  
of X-rays was o r ig ina l ly  assoc ia ted  with t h e  degree'. of evacuation 

. . 

of t he  tube. It soon became apparent, however, t h a t  t h e  e s s e n t i a l  

f ac to r  was t h e  voltage across t h e  tube. The length of a  gap i n  

p a r a l l e l  with t h e  tube a t  which sparks would begin t o  jump was 

the  simplest method of  measuring t h e  voltage, and various "spinter-  

meters" of t h i s  s o r t  came i n t o  c l i n i c a l  use.61 The sparking po ten t i a l  

measured with a  p a r a l l e l  spark gap, however, was many times the  

po ten t i a l  a t  which most of t h e  cur ren t  ac tua l ly  flowed through 

t h e  tube,  so  severa l  voltmeters were introduced t o  measure t h i s  

6  2 
lower, e f f ec t ive  po ten t i a l .  More d i f f i c u l t  . t o  use than the  

p a r a l l e l  spark gap, these  voltmeters were l e s s  common i n  t h e  c l i n i c .  

I n  addi t ion  t o  these  " indi rec t"  methods of measuring X-ray 

.qua l i ty ,  t he re  were a l s o  a number of "direct"  methods.. 



' 

The simplest of these  was t h e  "phantom hand," which was nothing 

more than a pasteboard replacement f o r  t h e  p r a c t i t i o n e r ' s  -own 

hand.with which t o  t e s t  t h e  image on a f luorescent  screen.  63 

Such devices were probably i n  common use during t h e  f i r s t  decade 

of  the  twentieth century, though they were mentioned only 

occasional ly i n  t he  medical l i t e r a t u r e .  ' More frequent ly mentioned, 

though probably l e s s  commonly used, were t h e  d i r e c t  methods t h a t  

gave a numerical reading. Several  of these  were based on the  

same phenomena: t h e  difference i n  t h e  absorption of a given output 

of  X-rays i n  two mater ia l s .  I n  one common version,  aluminum disks 

of  various thicknesses were mounted with a s ing le  disk of s i l v e r .  

The X-rays passed through t h i s  "penetrometer" and s t ruck  a fluoro- 

scent  screen. By comparison of t h e  br ightness  of t he  spots  on 

the  screen, t he  thickness of aluminum t h a t  reduced t h e  i n t e n s i t y  

of t he  X-rays by the  same f r ac t ion  as  t h e  s i l v e r  could be chosen. 

The th i cke r  t he  aluminum disk ,  t h e  harder  t h e  X-rays. The r e s u l t s  

were spec i f ied  according t o  one of a number of a r b i t r a r y  sca l e s  

( ~ e n o i s t ,  ~enoist- alter, o r  ~ e h n e l t ) ,  depending on t h e  p a r t i c u l a r  

instrument used. 64 

For t h e  p r a c t i t i o n e r ,  choosing among these  d i f f e r en t  methods 

of measuring X-ray quant i ty  and qua l i t y  was a d i f f i c u l t  t a sk .  .Each 

method had an advocate, i f  only i t s  inventor  o r  manufacturer, and 

d i f f e ren t  c l i n i c s  developed t h e i r  own preferences.  Reviews of 

t h e  methoe  ava i lab le  became standard i n  t h e  medical rad io logica l  

l i t e r a t u r e ,  and both t h e  B r i t i s h  and German Rantgen Soc ie t i e s  i n  



1906 and 1907 mounted e f f o r t s  t o  compare and evaluate measurement 

techniques. 65 The r e s u l t s  were inconclusive. The English survey, 

based on experiments undertaken by two nonphysicians, pinpointed the  

shortcomings of some of  t he  methods of measwing quant i ty;  but it 

f a i l e d ,  t o  propose a  p r a c t i c a l  solut ion.  66 One physician commented, 
. . 

". . . t o  measure a Rijntgen ray tube i s  very much l i k e  measuring a  w i l l  

o '  the  wisp; it i s  one of t he  most f reakish  and capricious th ings  

which it is  possible  t o  deal  with.1167 The German survey, undertaken 

by a  commission of physicians and.nonphysicians on the  bas is  .of t h e i r  

co l l ec t ive  experience, concluded t h a t  t he re  was'not enough information 

f o r  a  d e f i n i t i v e  choice on t h e  bas i s  of accuracy o r  on the  bas is  of 

t h e o r e t i c a l  considerations.  Prac t ica l '  considerations could therefore  

. . .  . . . . 

This emphasis on p r a c t i c a l  considerations i n  se lec t ing '  a  
- .  . . . . : .  . 

measurement method contrasted sharply with emphasis on t h e  s c i e n t i f i c  

.character  of  a medical procedure t h a t  r e l i e d  on measurements. 

Especial ly  i n  therapy, t h e  introduct ion of measurements of quant i ty  

and qua l i t y  brought a  claim t o  s c i e n t i f i c  precis ion:  

The current  grea t  progress t h a t  radiotherapy makes each day 
i s  t o  l e a r n  t o  dose with more and more prec ise  r i g o r  the  
quant i ty  and the  qua l i t y  of t he  rays used. Jus t  a s  t he re  
i s  a  medicamentous posology, there  e x i s t s  today a genuine 
radiologic  posology. I s  it not obvious t h a t  only the  physician 
can examine and s e t t l e  such de l i ca t e  questions,  and t h a t  it 
i s  only on t h i s  condition t h a t  radiotherapy can be a  method 
t h a t  i s  c i e n t i f i c  i n  i t s  procedures, and e f f ec t ive  i n  i t s  8 r e s u l t s ?  9 

The publ ic  was repeatedly assured t h a t  with these  new s c i e n t i f i c  

methods t h e  mistakes of t h e  pas t  could not be repeated.'10 To be 

s u r e ,  new techniques had made both diagnosis and therapy e a s i e r  

and f a s t e r :  se l f - regula t ing  tubes t h a t  eliminated the  widest 



var ia t ions  i n  X-ray qua l i t y ;  transformers t h a t  used both phases 

of  a l t e r n a t i n g  current  t o  produce s t ronger  and more continuous 

high-voltage cur ren ts ;  and water-cooled anticathodes t h a t  could 

withstand t h e  more in tense  bombardment of cathode rays .71 Neither 

these  inventions nor the  methods of measuring X-ray quant i ty  and 

qua l i t y ,  however, owed much t o  s c i e n t i f i c  knowledge o r  t h e  laboratory.  

Within t h e i r  oyn professional  organizat ions,  out of s igh t  of t h e  

newspapers and the  publ ic ,  p rac t i t i one r s  agreed t h a t  t h e  methods 

t h e  laboratory phys ic i s t  used t o  measure X-ray quant i ty  and qua l i t y ,  

which I s h a l l  descr ibe s h o r t l y ,  were unsui table  f o r  use i n  t he  

7 2  c l i n i c .  

How good, o r  bad, were t h e  c l i n i c a l  measurements? The answer 

depended on the'  needs of the.iim users .  X-ray. p r a c t i t i o n e t s  were 
. . 

general ly  s a t i s f i e d  with the  techniques ava i l ab l e  f o r  -measuring 
. . 

qua l i t y  d i r ec t ly .  Only an occasional voice of concern was r a i s ed  

over the  known inhomogeneity of t he  rays from most tubes,  and t h e  

consequent ambiguity i n  a spec i f i ca t ion  l i k e  "Benoist 5," a reading 

t h a t  could r e s u l t  from X-ray b e a k  t h a t  d i f f e r ed  s i g n i f i c a n t l y  i n  

t h e  qua l i t y  of the .rays of which they were composed. There were anomalies 

i n  t he  readings of qua l i t y  when X-rays were f i l t e r e d  through one 

of t h e  mater ia l s  of which a pene.t;rometer was made, s ince  t h e  

secondary rays a r i s i n g  from a given mater ia lwere  known t o  be 

r ead i ly  t ransmit ted through t h a t  same mater ia l .  P rac t i t i one r s  d id  

not ,  however, acknowledge t h i s  d i f f i cu l ty .73  Many physicians doing 



s u p e r f i c i a l  therapy were a l s o  s a t i s f i e d  before World War I with 

t h e  most commonly used devices f o r  d i r e c t  measurement of X-ray 

quant i ty ,  o r  with devices of t h e i r  own design. A s  one English 

physician put  it, "I have always th ree  o r  four  means of measurement 

a t  hand.. I have been working with Kienbackls method, a s  we l l  as 

with those of Bordier and Sabouraud, and with t h e  meter I have 

'described t o  you, and they a l l  work very exact ly together .  it74 

I.t was among t h e  p rac t i t i one r s  doing deep therapy t h a t  se r ious  

p r a c t i c a l  and conceptual problems arose. Working a t  t h e  l i m i t s  o f  

contemporary c a p a b i l i t i e s ,  deep the rap i s t s  posed questions 

t h a t  would prove of i n t e r e s t  t o  physics as  wel l  a s  t o  medicine. 

Two r e l a t e d  p r a c t i c a l  problems arose f o r  the 'deep  t h e r a p i s t .  
. . 

F i r s t ,  he had t o  choose a f i l t e r  t h a t  would.enable: hiin t o  de l iver  
. . 

higher doses t o .  agep-lying tissue&..without causing damage t o  t h e  . 
p a t i e n t ' s  skin. Aluminum and l e a t h e r  were most commonly used, but  

some physicians claimed t h a t  very t h i n  s i l v e r  f i l t e r s  were preferab le .  7 5 

The advocates of aluminum and of  f i l t e r  genera l ly  believed t h a t  

t he  f i l t e r  r a i s ed  t h e  average hardness of t he  X-ray beam by 

absorbing more of t h e  s o f t e r  than of t he .ha rde r  rays,  while t he  

advocates of s i l v e r  claimed t h a t  it se l ec t ive ly  removed only 

those rays t h a t  caused sk in  burns. 76 Secondly, t h e  deep the rap i s t  

had t o  measure doses and compare them with doses measured.by h i s  

colleagues, who used d i f f e ren t  X-ray tubes and f i l t e r s  and there-  

.fore rays of d i f f e r en t  qua l i t y .  Such comparisons made it apparent 

t h a t  t h e  ex i s t i ng  techniques of measuring X-ray quant i ty  did not 



give comparable r e s u t s  when qua l i t y  changed. I n  France, it 

appeared t h a t  barium platinocyanide varied widely i n  i t s  response 

I ,  t o  x-rays of d i f f e r en t  qua l i t i e s . .  As a r e s u l t ,  t h e  u n i t s  measured 

I i n  Lyons were "very d i f f e r en t  from those measured by our colleagues 

i n  Pa r i s  ," perhaps' d i f f e r e n t  by a & t i p l i c a t i v e  f ac to r  of four  o r  

f i v e .  77 I n  Germany, deep t h e r a p i s t s  a t  Freiburg who used. ~ i e n b b c k  ' s  

s i l v e r  bromide s t r i p s  t o  measure Closes repor ted  de l iver ing  safe ly  a s  

much as  200 times t h e  dose normally required t o  produce erythema t o  t h e  

' skin o f  women whose ova r i e s  were being i r r ad i a t ed .  78 Most deep 

the rap i s t s  d id  not be l ieve  t h a t  ,such high -doses were poss ib le  with- 

out  causing harm. 7 8 

Related t o  both t h e  f i l t r a t i o n  problem .and the  problem of 
. . 

measuring.doses wa.s a '  .question tha t .  began t o  a t t r a c t  experimental 

a t tent i .& around 1910: d id  t h e  harder rays used i n  deep therapy . . . .  . 

have t h e  same b io logica l  e f f e c t s  a s  the  s o f t e r  rays used f o r  

s u p e r f i c i a l  therapy? Many p rac t i t i one r s  believed t h a t  s o f t e r  rays 

were more e f f icac ious  s ince  s o f t e r  tubes of ten  caused e p i l a t i o n  and 

erythema more quickly during diagnosis and brought about more rap id  

r e s u l t s  i n  s u p e r f i c i a l  therapy, but t h i s  c l i n i c a l  observation f a i l e d  

t o  take  i n t o  account t h e  d i f f e r en t  absorption of harder and s o f t e r  

rays i n  t h e  skin.  The experiments undertaken t o  resolve t h e  

question of t h e  var ia t ion  of b io logica l  e f f e c t s  with qua l i t y  y ie lded  

ambiguous answers.80 A t  t h e  same time, these  experiments helped t o  

c l a r i f y  t h e  concept of dose, t o  separate  it from t h e  notion of 

quant i ty ,  and t o  revea l  the shortcomings of t h e  c l i n i c a l  measure- 

ment methods i n  use. 



The c l e a r e s t  pre-War statement of these  developments was i n  

a review of measurement techniques prepared i n  1913 by Theophil 

Christen, a Swiss physician who had obtained a doctorate  i n  

mathematics before turn ing  t o  medicine.81 To Christen, it was 

e s s e n t i a l  t o  d is t inguish  between t h e  quant i ty  o r  i n t e n s i t y  of 

X-rays, which he den t i f i ed  a s  t h e  energy passing through a given 

surface, and the  dose, which he defined a s  t h e  energy absorbed i n  

a given volume. This physical  dose, which was not necessar i ly  

equivalent t o  t he  b io logica l ly  e f f ec t ive  dose, was proport ional  t o  
. . 

i n t e n s i t y ,  and , . s ince  the  harder. rays.were l e s s  absorbed, i n ~ e r s e l y  

proport ional  t o  hardness. With t h i s  d i s t i nc t ion  i.n mind, t he  

usefulness of t h e  ex i s t i ng  d i r e c t  c l i n i c a l  techniques became highly 

d o u b t f d . '  As instruments t o  measure the  quant i ty  of 'X-rays moving'. 
. . (. . 

through a given sur face ,  they were inadequate because . t he i r  . . 
. . . . . .  

readings depended on t h e  absorption of t he  X-rays i n  a t e s t  body 

l i k e  barium platinocyanide, and t h i s  absorption varied with hardness. 

As instruments t o  measure the  dose o f  X-rays absorbed, they were 

inadequate because there  was no guarantee t h a t  absorption i n  t h e  

t e s t  body was s imi l a r  t o  absorption i n  a human body. The measure- 

ment of absorbed dose would, a s  we s h a l l  see  i n  Chapter 5 ,  provide 

t h e  occasion f o r  much fu r the r  discussion and l e a d  t o  t h e  adoption 

of a l e s s  p r a c t i c a l  posology based on ion iza t ion  methods, which 

were v i r t u a l l y  unknown i n  t h e  c l i n i c  before World War I. For t h e  

moment, however, Chris ten 's  1913 de f in i t i on  of absorbed dose was 

a purely t h e o r e t i c a l  statement,  with no instrumental means of 

en ter ing  c l i n i c a l  p rac t i ce .  Despite e f f o r t s  t o  design more convenient 



dev ices , fo r  measuring t h e  ion iza t ion  of  a i r  caused by X-rays, ion iza t ion  

methods continued t o  be considered s u i t a b l e  apparatus f o r  t h e  

laboratory,  bu t  not for '  t h e  c l i n i c  i 82 

There were severa l  reasons f o r  t h i s  lack  of  acceptance of . 

ion iza t ion  methods among X-ray p rac t i t i one r s .  The ionizat-ion methods 

were more prec ise ,  but they required ca lcu la t ions .  P rac t i t i one r s  

p re fe r r ed .  instruments . t h a t  .would provide an iminediate reading.. 
, 

. . 

Medical p rac t i t i one r s  a l s o  needed measurements t h a t  were comparable 

among d i f f e ren t  c l i n i c s .  ~ o n i z a t i o q  measurements were comparable' 

only'when made with the  same instrument,  and the re  was no means of 

comparing . . X-ray quant i ty  .as determined by ioni,zation i n  d i f f e r en t  

. . 
l abora tor ies .  Moreover, many p rac t i t i one r s  considered .,the chemical 

changes they used t o  measure. X-ray quant i ty  more a p p r o p r i a t e - t o  

.producing b io logica l  e f f e c t s  than io&zatiop.   he 'g reva i l ing  -assumption , 

was t h a t  b io logica l  e f f e c t s  were bas i ca l ly  .chemical, not physical.  

There was a  continuing hope t h a t  one of the.chemica1 methods of 

measurement would p a r a l l e l  t h e  desired therapeut ic  e f f ec t s .  As we 

s h a l l  see,  ion iza t ion  was t o  become t h e  focus of reduct ionis t  notions 

among physici'ans ,and b io log i s t s ,  but t o  t he  X-ray p r a c t i t i o n e r  

before World War I the  word s t i l l  meant l i t t l e .  

Phys ic i s t s  had general ly  prefer red  ion iza t ion  a s  t h e  bas i s  

f o r  t h e i r  measurements of X-ray quant i ty  and qua l i t y  s ince  t h e  

discovery i n  1896 t h a t  X-rays 2onized a i r .  I f  a i r  exposed t o  X-rays 

was placed i n  an e l e c t r i c  f i e l d ,  t h e r e  was a  "leakage" cur ren t  t h a t  



could be used t o  measure t h e  ion iza t ion ,  which phys ic i s t s  

assumed t o  be a measure of  X-ray quant i ty  o r  i n t ens i ty .  Two 

types of  devices were used t o  measure theamount of charge produced. 

I n  an electroscope, two pieces of  gold l e a f  o r  o ther  conductor 

were hinged t o  an in su la to r  so t h a t  they diverged when charged 

t o  a high voltage. The r a t e  of f a l l  of t h e  gold l e a f  was proport ional  

t o  t h e  leakage current  and therefore  provided a measure of t h e  

ion iza t ion  of t h e  air .  Al te rna t ive ly ,  t h e  ion iza t ion  could be produced 

between t h e  p l a t e s  of a condenser charged t o  a high vol tage,  and 

any one of a number of  s ens i t i ve  electrometers could be used t o  

. ,  . . . .  ' 

measure t h e  1e'akage current .  ' , ' . ~ e n e r a l l ~ ,  t he  smaller capaci ty of 
. . . . 

t h e  electroscope made it preferable  f o r  measuring smaller amounts of 
. . . . .  

ion iza t ion .  I n  both devices, it was e s s e n t i a l  t h a t  t h e  voltage 

be above a ce r t a in  minimum, the  sa tu ra t ion  voltage, a t  which t h e  r a t e  

of  discharge of t he  electroscope o r  t he  current  measured by the  

electrometer  became independent of t h e  appl ied voltage. A s  

Ernest Rutherford and J. J. Thomson had explained, t h e  s a tu ra t ion  

vol tage was t h e  voltage required t o  prevent recombination of the  

ions before they reached t h e  gold l e a f  of  t h e  electroscope o r  

t h e  p a r a l l e l  p l a t e s  of t h e  condenser. 83 

For specifying X-ray qua l i t y ,  the  phys ic i s t  used the  absorption 

coe f f i c i en t  (A i n  equation A above) o r  sometimes t h e  thickness 



of a mater ial  required t o  reduce the  X-ray i n t e n s i t y  t o  ha l f  i t s  

o r i g i n a l  value ( t h e  half-value l a y e r ) .  To determine t h e  abso'rption 

coe f f i c i en t  o r  t h e  half-value l aye r ,  t he  phys i c i s t  general ly  used 

ion iza t ion  measurements of X-ray i n t e n s i t y  a f t e r  passage through 

aluminum. 

Medical users  of radium, unl ike X-ray p r a c t i t i o n e r s ,  r e l i e d  

heavily on these  ' ionizat ion methods i n  t h e i r  c l i n i c a l  work. The 

need f o r  pro tec t ion ,  which had-been so important t o  t he  

introduct ion of dosimetry t o  the  X-ray . c l i n i c ,   did 'not play a 

ro l e  i n  t he  adcptibn of measui-ement techniques f o r  radium. 

Therapy with radium and radium emanation passed through an i n i t i a l  

per iod of almost unqual i f ied enthusiasm from about 1903 t o  :about 
. . 

1906 and the rea f t e r  survived a  per iod of scept icism among..physicians 
' 

who thought exaggerated cla'ms had been made. By.,:lglO radium 

therapy was recovering with a  more r e a l i s t i c  estimate of i t s  

po ten t i a l ,  which seemed high i n  t h e  treatment of  some dermatological 

ailments,  cancerous growths and a r t h r i t i s .  The publ ic  had remained 

en thus i a s t i c  throughout, with many people " t ry ing  radium" f o r  

almost any ailment t h a t  coul,d not be t r e a t e d  i n  some other  way. 
.84 

After, 1910, en thus ias t s  and scep t i c s ,  laymen o r  physicians,  were 

happy t o  see the  establishment of .  medical radium inst i tutes- .85 To 

the  enthus5asts these  i n s t i t u t e s  appeared t o  o f f e r  r ead ie r  ava i l -  

a b i l i t y  of radium treatments .  To t h e  scep t i c s ,  t he  radium i n s t i t u t e s  

meant more rigorous cont ro l  of t h e  c l i n i c a l  t r i a l s .  Radium emanation 

by 1910 was widely ava i lab le  i n  Continental Europe at heal tah s p s .  



In  t h i s  widespread administrat ion of  radium and radium emanation, 

very few pa t i en t s  suf fered  acute  c l i n i c a l  harm. There had been 

a t  l e a s t  one death of a laboratory worker due t o  a burn caused 

by radium "imprudently ca r r i ed  i n  h i s  pocket ," but  t h i s  incident  

does not appear t o  have aroused publ ic  concern.86 Ernest Rutherford, 

B r i t a i n ' s  leading research worker with r ad ioac t iv i ty ,  t o l d  t he  

Riintgen Society i n  1911 t h a t  radium had never a f fec ted  him and 

t h a t  h i s  a s s i s t a n t  simply wore rubber gloves t o  avoid d&ge t o  

h i s  Without public p r o t e s t ,  radium protect ion continued 

t o  l a g  behind X-ray pro tec t ion  a s  a subjec t  of professional  concern, 

and pro tec t ion  was thus not t he .  reason f o r  t h e  use of ion iza t ion  

methods i n  radium c l i n i c s .  
. . . .  . . . . . . . 

: The reasons f o r  t he  rg l iance  dn ' ionizat ion methods 'among medical . . 

. . G e r s  of  radium ;ere l a rge ly  p rac t i ca l .  The sources of  radium, as  . 
I have noted, were few. After  1903, when t h e  Curies won t h e  

Nobel P r i ze  and t h e  therapeut ic  e f f e c t s  of radium s t a r t e d  t o  be 

widely discussed, t h e  p r i ce  of radium rose t o  about $100 per  

milligram, where it stayed u n t i l  t he  opening of t he  Congo uranium 

mines ar6und 1922. 88 ' A t  t h i s  astronomical p r i ce ,  p rec ise  measure- 

ments of t h e  pu r i ty  and amount of radium being so ld ,  o r  even loaned, 

were an obvious commercial necessi ty .  For t he  ordinary p r a c t i t i o n e r ,  

t h e  p r i ce  of radium was so high t h a t  it was e n t i r e l y  out of reach. 

A few b io log i s t s  and research-oriented physicians,  were, however, 

ab l e  t o  borrow radium from t h e  Curies,  from t h e  Viennese Academy 

of  Science, from t h e  German manufacturer Giesel ,  from t h e  French 



manufacturer Armet de L i s l e ,  o r  from individual  physical  l abo ra to r i e s .  

With the  radium.. general ly  came in s t ruc t ion  i n  ion iza t ion  measure- 

ment s . 89 

There was no d i f f i c u l t y  obtaining radium emanation, s ince  it 

occurred na tu ra l ly  i n  mineral waters,  but  i n  concentrations t h a t  

could.only be detected by ion iza t ion  techniques. The s e n s i t i v e  

electroscopes required were readi ly  ava i lab le .  Phys ic i s t s  had 

been using them extensively be.fore 1898, and a l so  t h e r e a f t e r ,  f o r  

t he  study of atmospheric e l e c t r i c i t y . 9 0  With the  discovery of 

radium emanation 'in mineral .springs, physicians and nonphysician 

p rac t i t i one r s  a t  .health spas learned quickly how t o  use e lec t ro-  

scopes, though not without.. making ser ious e r ro r s  By 1910, . 
. .  . . . . . 

ion iza t ion  ... . meas,urements of .  radium emanation f o r  medical purposes' 
. .  . . . . . 

were common. I n  Germany and Austr ia ,  t he  r e s u l t s  were most 
* 

often expressed i n  t h e  "Mache-unit.," which was t h e  amount of 

emanation t h a t  would produce a charge of  one one-thousandth of an 

e l e c t r o s t a t i c  un i t  iii a given electroscope.92 I n  France, t he  un i t  

i n  which amounts of radium emanation were expressed was usually 

t he  milligram-second, which was t h e  amount of emanation produced 

by a one milligram s a q l e  of radium i n  one second.93 I n  England 

and the  'United S t a t e s ,  both un i t s  were used, a s  was t h e  amount of 

ion iza t ion  produced by a given amount of uranium. 

The ion iza t ion  measurements used i n  s c i e n t i f i c  radiology and 

i n  radium work were'much more p rec i se  than the  c l i n i c a l  X-ray dosage 

technfques physicians regarded as  " s c i e n t i f i c  . I1  By .1913, radium measurements 



were  comparable on an in t e rna t iona l  bas i s  t o  one p&t i n  a hundred, 

an achievement i n  s tandardizat ion t h a t  I s h a l l  discuss  fu r the r  i n  

Chapter 6. Phys ic i s t s  nevertheless  emphasized t h e  p r a c t i c a l  

charkc.ter of ion iza t ion  methods. The phys ic i s t  knew only too, wel l  

t h a t  t h e  process of . i on i za t ion  w a s  not one t h a t  he understood. By 

1906, it was c l e a r  t h a t  t h e  preva i l ing  theory of X-rays and gamma 

rays,  t h e  pulse theory described b r i e f l y  i n  Chapter 2 ,  could not 

account r ead i ly  , for  t he  expulsion. of an e lec t ron  from an atom. - The 

pulse,  which spread as it l e f t  t h e  source of t h e  X-rays o r  gamma 

rays,  would decrease i n  i n t e n s i t y  with the  square of t h e '  distarice. 

No s ing le  pulse would have enough energy loca l i zed  i n  a given 

d i r ec t ion  t o  cause ion iza t ion  and t o  give t h e  secondary e lec t rons  
, . . . 

I .  

as much . .  e i e r& . .  . as" they  . . . .  were known t ~ h k v e . ~ ~  Foi t he  p h y s i c i j t ,  '. 

. . .  . . . . . ... 

t h e  "sd ien t i f ic"  way of.measurihg the  energy of X-rays o r  gamma. 

rays was t o  measure t h e  heat  produced when they were absorbed. 

The phys i c i s t ' s  a t t i t u d e  toward th i s ,  procedure was s imi l a r  t o  t h e  

X-ray p r a c t i t i o n e r ' s  a t t i t u d e  toward ion iza t ion  measurements: 

t heo re t i ca l ly  des i rab le ,  but  impract ical .  Only occasionally was 

t h e  heat produced by X-rays and gamma rays measured d i r e c t l y ,  

sometimes producing inexpl icable  r e s u l t s .  95 For most purposes, 

ion iza t ion  measurements suf f iced .  

' Thus, by 1913 t h e  cont ras t s  between X-ray and radium dosimetry 

were s t r i k i n g .  X-ray p rac t i t i one r s  used measurements of  dose i n  

l a r g e  p a r t  f o r  purposes of pro tec t ion  and emphasized the  s c i e n t i f i c  

character  of t h e  therapy they administered. I n  f a c t ,  however, 



c l i n i c a l  X-ray techniques were unknown t o  s c i e n t i f i c  radiology and 

were designed t o  meet p r a c t i c a l  requiremeqts. Medical users  

.of radium, disregarding t h e  question of  pro tec t ion ,  nevertheless  

used t h e  more prec ise  ion iza t ion  techniques f ami l i a r  t o  t he  

s c i e n t i f i c  laboratory.  These techniques were, however, regarded 

as p r a c t i c a l ,  not s c i e n t i f i c .  
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llAvancement des Sciences b Nimes, en aoQt 1912. It should 
be noted, however, ' tha t  by 1912 much harder X-rays were i n  
use ( those of Regaud, e t .  a l . ,  were f i l t e r e d  through 2 mm 
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one of danger t o  hea l th ,  i s  a t  present  t o t a l l y  inadequate, 
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'29.' For one e f f o r t  t h a t  produced hyperplasia but no r e a l  tumor, 
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30. "Der Rbntgenkongress e r k l a r t  : Die Untersuchung und Behandlung 
m i t  Rbntgenstrahlen i s t  eine r e i n  a r z t l i c h e  Leistung. Dem muss 
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or ig ina ted  with Hennecart, note 24 above, who suggested i f  
because he thought t h a t  physicians would not perform an immoral 
a c t  l i k e  s t e r i l i z a t i o n :  "Le souci de not re  d igni t6  profess ione l le  
e t  de not re  bon renom'auprss de l a  c l i e n t z l e  e s t  un f r e i n  
suffisament puissant." From the  discussion of t h e  reso lu t ion ,  
it can be infer red  t h a t  t h i s  view was not unanimously held. 



Que l 'emploi me'dical des rayons RGntgen peut dgterminer 
des accidents  graves ; 

Que cer ta ines  prat iques peuvent crger  un danger soc i a l ;  

Que seules  l e s  docteurs en mgdicine, o f f i c i e r  de sant6 
' o u  den t i s t e s  dipldmes (en ce qui  concerne l a  prat ique odonto- . 
logique) sont  capables ' d ' in t e rp re t e r  l e s  r g s u l t a t s  obtenus au 
point  de vue diagnost ic  e t  du t rai tement  des maladies : 

L' Acadgmie e s t  d 'avis  .que 

L1application'm6dicale des rayons RGntgen, par  des 
personnes.non pourvues des dipldmes ci-dessus, cons t i tue  
un ac t e  d 'exercice i l l g g a l  de l a  medic'ine," note 22 above, 
a t  64, with approval voted at 95. The a l t e rna t ive  reso lu t ion ,  
which f a i l e d  t o  gain any s ign i f i can t  support i n  t he  discussion, 
i s  a t  '81: 

"L'~cad&uie e s t  d 'avis :  
10 Qu'un enseignement s o i t  i n s t i t u g  pour l a  prat ique . . 

.. . . . .  des rayons RGntgen; 
2O Que. nu1 ne p d s s e  , sans un dipldme speci'al e t  sans . . . . .  

l e  contrdle  mgdicale, f a i r e  l ' appl ica t i 'on  des rayons' . . . 
. . . . RGntgen ; 

3O Que l e s  posi t ions o f f i c i e l l e s  acquises e t  j u s t i f i g e s  
pa r  des travaux an ter ieurs  soierit respect6es." 

E f fo r t s  t o  l i m i t  medical radiology t o  physicians had begun 
e a r l i e r  i n  France, see  Antoinette BgclZre, Antoine BgclZre 
(Pa r i s  : J. B. Bal l i z r e ,  1972) 58-60. 

32. See t h e  reference t o  t h i s  reso lu t ion ,  passed unanimously i n  
John Hall-Edwards , "On X-ray Dermatitis and i t s  prevention," 
Proc. Roy. Soc. Med., E lec t ro therapeut ica l  Sect ion,  2 
(20 November 1908) 11-34, a t  25. 

33. The change i n  t h e  journal  occurred with the  November 1903 i s sue ,  
when a nonphysician ( ~ r n e s t  Payne, M. A. and A. I. E. E-.) was 
dropped as an e d i t o r ,  leaving a .physician (J. Hall-Edwards , 
.(L. R. C. P.  dinbu burgh) and F. R. P. S. ) i n  charge. A t  t he  
same time the  t i t l e  was changed t o  Archives of t he  RGntgen Ray 
and Al l ied  Phenomena (namely, phototherapy, e lectrotherapy and 
thermotherapy) and an e d i t o r i a l  announced t h e  in t en t ion  " to  
safegard as  f a r  as possible  t h e  i n t e r e s t s  of t he  medical profession," 
Arch. RGnt. Ray, 4 (1903-4) 95. The E l e c t r o t h e r a p e ~ t l c  Section 
of  t h e  B r i t i s h  Medical Association was formed i n  J u l y  1903, 
see  t h e  "Programme of Annual ~ e e t i n g , "  a supplement t o  ~ r i t .  
Med. J., 175 (1903). . 



34. The Journal  of appeared i n  J u l y  1904 
with t h e  explanation t h a t  t h e  &-chives, which before November 
1903 had been "the only journal  i n  which t h e  t ransac t ions  
of t h e  RGntgen Society of London a re  o f f i c i a l l y  reported," 
no longer had a member of  t h e  Society a s  an ed i to r .  

35. This development had begun before the  discovery of deep 
e f f e c t s ,  as physician e l ec t ro the rap i s t s  sought cont ro l  of 
the  American X-ray Journal.  I n  1902, a "publisher 's  announcement" 
declared t h a t  t h e  journal  would "devote i t s  columns t o  t h e  
education of  t h e  medical profession i n  X-Ray and Electro- 
Therapeutical Pract ice."  This announcement followed t h e  s a l e  
of  t h e  journal  by i t s  founder, Heber Robarts (M. D . ,  M. E . ) ,  
t o  T. Proctor  Hall  (Ph. D . ,  M. D.), see Amer. X-Ray J., 
11 (1902) 1ll4-15. The o f f i c i a l  version of t h i s  s t o r y ,  t o l d  
i n  t h e  anonymous The American Rantaen Ray Society, 1900-1950 
( sp r ingf i e ld ,  I l l i n o i s :  Charles C. Thomas, 1964) pp. 5-6 
and sanctioned i n  Ruth and Edward Brecher, The Rays: A 
History of Radiology i n  t h e  United S t a t e s  and Canada, 
(Baltimore : Williams and Wilkins , 1969 ) , a t  304, would have 
it t h a t  Robarts was "euchred" out of h i s  journal  by t h e  
e l ec t ro the rap i s t s ,  but t h e  contemporary evidence indica tes  
t h a t  Robarts himself would have been counted among t h e  
e l ec t ro the rap i s t s ,  see  H. R . ,  " Injurious Forces from X-ray 
Tubes," Amer. X-Ray J. (1902)-1049-50. The Transactions of 
the  'American RGntgen Ray Society f i r s t  appeared i n  1903 with 
a repor t 'o f  the' t h i r d  annual meeting (10 and 11 December 
1902). 

- 1 
36. I n  1908, the  English physician who had proposed t h e  resolu t ion  

f o r  physician cont ro l  a t  t h e  Electrotherapeutic  Society 
commented on t h e  f a i l u r e  t o  obtain a l e g a l  prohib i t ion ,  
"Parliament a s  a whole i s  not a t  all f r i end ly  t o  t h e  medical 
profession, and it considers t h a t  profession i s  capable of 
taking care  of i t s e l f . "  A t  t h e  same time, he admitted, "the 
X-rays, a t  any r a t e  i n  t h e  provinces, a r e  not very much used 
by t h e  quacks. I think t h a t  quacks have been fr ightened by 
them," see Hall-Edwards, note 32 above, a t  25. 

37. This point  w a s  made fo rce fu l ly  by Paul  Reynier during the  
debate on medical cont ro l  a t  t h e  French Academy of Medicine. 
I n  introducing t h e  a l t e r n a t i v e  resolu t ion  quoted i n  note 31 
above, he exclaimed: "Croyez-vous q u ' i l  s u f f i s e  de d i r e  que 
l a  radiologie s e r a  du r e s so r t  exclusivement m6dical pour... 
Q v i t e r  [ les  accidents]? Helas! t r o p  de proczs 03 des 
me'dicins ont e'te' condamn& a des dommaaes ~ t ,  i,nt6r;to pour 
brOlerts soul; 1h pour dgmontrer q u ' i l  ne s u f f i t  pas d l S t r e  
me'decin pour manier sans accident ces t e r r i b l e s  rayons ! " 

Generally, t h e  reply was t h a t  physicians should nevertheless  



be i n  charge because they had diplomas and l i censes ,  see  
Debove, note 22 above, a t  92 and  a angers of X Rays ,I1 

r epr in ted  from The Family Doctor of 5 September 1903 i n  
Arch. Rlint. Ray, fi ( ~ c t o b e r  1903) 84. 

38. .H. Albers-~chlinberg , "Technische ~euerungen,"  Fortschr  . 
Rlintgenstr. , 7 (1903-04 1. 137-49. 

39. For t h e  introduct ion of  lead-inipregnated rubber, s ee  
G. Holzknecht and R. Griinfeld (aus dem Rlintgenlaboratorium 
des k. k. allgemeinen Krankenhauses i n  ~ i e n )  , "Ein neues 
Mater ial  zum Schutz der  gesunden Haut gegen Rlintgenlicht 
und iiber radiologische Schut zmassnahmen i m  Allgemeinen ," 
Munchen. Med. Wschr., x2 ( 1 4  Ju ly  1903) 1202-1205. 

40. W. Deane Butcher, "The Rlintgen Congress at  ~ e r l i n , "  J. R6nt. 
soc 2 ( ~ u l y  1905) 6-10. ., 

41. Levy-Dorn , ,note 27 . ,above. . 
. . 

. .  . . . . . . . 

42. See t h e  French Academy's report ' ,  note 22 above, a t  52: 
I 1 t examen radio'scopique e s t  l e  pluk 6conomique des procCd6s 

( e t  pour l a  prat ique h o s p i t a l i s r e  un t e l  avantage e s t  
c a p i t a l ) .  l1 

43. B. Walter (Hamburg), " h e r  den Schutz des Untersuchers 
gegen sekundke Rbntgenstrahlen," Verh. Deut. Rlint. Ges., 
6 (1910) 51-57. - 

44.  For evidence of t h i s  assumption, see the  drawings i n  
Robert Kienbijck (aus dem RGntgen-Institut i m  Sanatorium 
Fiirth i n  ~ i e n ) ,  "Ueber d i e  Einwirkung des R6ntgen-Lichtes 
auf d ie  Haut," Wien. Klin. Wschr., 13 (13  December 1900) 
1153-66 and t h e  comments on t h e  dangers of secondary rad ia t ion  
from the  g l a s s  wal ls  of t h e  tube i n  B. Walter, note  43 
above. Many tube boxes before World War I appear t o  have 
been b u i l t  without backs, probably t o  f a c i l i t a t e  cooling and 
t o  avoid what was considered an unnecessary expenditure. 

45. The Sect ion passed a reso lu t ion  i n  1908 c a l l i n g  f o r  a 
committee t o  consider pro tec t ion  measures and t o  formulate 
r u l e s ,  see  t h e  discussion following Hall-Edwards, note 36 
above, a t  31. This proposal was t o  be brought before t he  
council  of t h e  Royal Society o f  Medicine at i t s  next meeting, 
but  t he re  is  no ind ica t ion  i n  t h e  succeeding Proceedings of 
t he  Section t h a t  t h e  committee was created.  



46. Fo r s t e r l i ng  ( ~ i j r s  , ~ i e d e r r h e i n )  , "Wachtumsstijrungen nach 
Rijntgenbestrahlung ," and Krukenberg ( ~ l b e r f  e l d )  , " ~ e h i r n s  chadigung 
durch Rijntgenbestrahlung," Verh. Deut . Rijnt . Ges. , 5 (1909) 
68-75. I n  England, t he re  were s imi l a r  concerns, p rec ip i t a t ed  
by a decis ion of  t he  Education Committee of t he  London County 
Council requir ing X-ray treatment of  ringworm i n  school 
chi ldren,  see Dawson Turner ( M .  D.), l e t t e r  t o  The Times 
(30 March 1909); "The Rbntgen Ray Treatment of Ringworm," 
Lancet, 1 (15 May 1909) 1399-1400; J. M. H. Macleod .(M. A.  
S t .  And.; M. D. Aberd.; M. R .  C. P o  Lond.; Physician f o r  
Diseases of t h e  Skin, Vic tor ia  Hospital  f o r  Sick Children, 
Chelsea; Ass is tan t  Physician f o r  Skin Diseases, Charing Cross 
Hospital;  Lecturer on Dermatology, London School of Tropical  
~ e d i c i n e ) ,  "The X Ray Treatment of  Ringworm of t h e  Scalp 
With Special  .Reference t o  t he  Risks of  Dermatitis and the  
Suggested In jury  t o  the  Brain," i b i d . ,  1373-77; H.  G. Adamson 
(M. D.  Lond.; M . .  R.  C .  P. Lond; Physician f o r  Diseases of 
t he  Skin, S t .  Bartholomew's ~ o s p i t a l ) ,  "A Simplif ied Method 
of X Ray Application f o r  t he  Cure of Ringworm of t h e  sca lp :  
Kienbijck's Method," i b i d . ,  1378-81; Dawson F. D. Turner 
(B. .A. ,. M. D . ,  F. R .  C.  P. Edin., F. R .  S. E . ,  Lecturer on 
Medical Physics,  Surgeons' Hal l ,  Edin.; Examiner i n  Physics,  
R. C. P. Edin. and R. C.  P. Lond. and University of  dinb burgh) 

. . and T. J. George (L. R.:. C . .P . , .L. . R .. C . . S . Edin ., , Carnegie 
. . 

' Assistant  t o  Lecturer .in. Physics,  School of Medicdne,' Royal 
. ' Colleges, Edin. ) ,  ''Sorne.~$erirnents on 'the ~ f f e c t s  of X Rays 

, in  Therapeutic Doses on tde'  Growing Brains of  Rabbits.," 
B r i t .  Med. J . ,  2 (1910) 524-26, from t h e  Section of Radiology 
and Medical E l e c t r i c i t y ,  B r i t i s h  Medical Association, Ju ly  1910. 

"Bericht des Sonderausschusses fiir d i e  Sammelfors chung iiber 
den Einfluss  der  Rijntgenstrahlen auf das Kijrperwachstum," 
Verh. Deut. Rbnt. Ges., 5 (1910) 16-17: " ihre  Mbglichkeit 
;.st doch vorhanden; deshalb darf  Rbntgentherapie nur von 
Artze, und zwar von geniigend h ier f i i r  vorgebildten, getr ieben 
werden; i n  der  Hand eines jedes Laien und Unkundigen is t  s i e  
e in  sehr  gefghrl iches Wagnis, das i r reparable  Schadigungen 
s t i f t e n  kann. " 

48. For t h e  proposal of t he  theses ,  see  Gocht ( ~ a l l e  a .  S. ) , 
"Rijntgenschadigungen ," Verh . Deut . Rbnt . Ges . , 5 ( 1909 ) 
72-73. For t h e i r  adoption, see  the  " ' ~ e r i c h t  der  Kommission 
zur Beratung der  Thesen Beziiglich Rijntgenverbrennungen," 
Verh. Deut . Rijnt . Ges . , 5 (1910) 15-16. 



49. The "Sonderausschuss zur Schaf fung eines Merkblattes fiir 
Schutzregeln" d i s t r i bu ted  a d r a f t  Merkblatt t o  t he  1912 
Congress of t h e  German Rbntgen Society,  but  no discussion 
was held because t h e  c o m e t t e e  had not y e t  reached f u l l  
agreement, see  t h e  repor t  of t he  Chairman (A. ~ b h l e r ) ,  
~ G r h .  Deut. Rbnt. Ges., 8 (1912) 16. The Ins t ruc t ion  Sheet 
w a s  complete by 1913, when it was decided t o  p r i n t  10,000 
copies,  su i t ab l e  f o r  post ing,  t h a t  would be d i s t r i bu ted  f r e e  
t o  manufacturers, see Verh. Deut. R8nt. Ges. , 2 (1913) 1 4 .  
I am indebted t o  M r .  A. Hi lper t ,  Geschaftsfiihrer of t h e  present- 
day Fachnormenausschuss Radiologie, f o r  providing a t r ansc r ip t ion  
of  t h i s  i n s t ruc t ion  sheet  from t h e  o r i g i n a l  i n  h i s  f i l e s .  

50. I have unfortunately not .been ab le  t o  f i nd  any pre-War 
discussions of t h e  question of  l i a b i l i t y  insurance f o r  
i n j u r i e s  t o  p a t i e n t s ,  but Albers-Schbnberg reported i n  
1913 t h a t  t he  S t u t t g a r t  Allaemeine Versicherun~s~esellschaft 
had r e c l a s s i f i e d  X-ray i n j u r i e s  t o  physicians tind technicians 
a s  accidents  , ( fo r  which insurance would be made ava i l ab l e )  
ins tead  of t r e a t i n g  them a s  occupational diseases  ( f o r  which 
insurance would not have been ava i l ab l e ) .  The Council of 
t he  German Rbntgen Society responded with approval and 

. .. suggested t h a t  t h e  premiums should be determilied by considering 
ra.&iology i n  t h e  same' danger class .  a s  surgery, see Verh. 

. . Deut. Rant. Ges .., 2 (1913) 15. Dwing the  War,. Albers- 
Schbnberg emphasized t h e  importance of carrying l i a b i l i t y  
insurance f o r  damage t o  pa t i en t s ,  see  Albers-Schbnberg (Prof . )  
and Lorenz ( ~ r . )  (aus dem Rbntgeninst i tut  des Allgemeinen 
Krankenhauses S t .  Georg i n   amb burg), "Die Schutzmittel  fir 
Aerzte und Personal b e i  der  Arbeit  m i t  ~Bntgens t rah len  ,I1 

Deut. med. Wschr., 411 (1915) 301-305. 

51. Butcher, note  40 above, reported ( a t  10) :  ''In only one of 
t he  Rbntgen-ray i n s t i t u t i o n s  which I v i s i t e d  d i d  I see  any 
instruments used f o r  therapeut ic  dosage. " Simi la r ly ,  an 
American physician who had v i s i t e d  Germany reported i n  1906, 
"they do not pay so much a t t e n t i o n  t o  t he  dosage of t he  ray," 
M. K. Kassabian i n  t h e  discussion following Ennion G. Williams, 
(M. D . ,  Richmond, V i rg in i a ) ,  "The Regulation and Measurement 
of t h e  Therapeutic Dose of t h e  Rbntgen Ray ,I1 Trans. h e r .  
Rbnt . Ray Soc. (1906) 84-95. 

52. G. Holzknecht, "Eine neue einfache Dosierungsmethode i n  
der  Rijntgentherapie ,I1 Wien. Klin. Wschr. , 15 (1902) 1180-81, 
with discussion,  o r  "Eine neue , einfache Dosierungsmethode - 
i n  der  Radiotherapie  a as ~hromoradiometer) ," Wien. Klin.  
Rund., 16 (1902) 685-87. For a biography of Holzknecht , - 
who died of . rad ia t ion  i n j u r i e s  i n  1931, see  R .  Kienbbck, 
"Holzknecht semper vivus ,I1 S t rahlenth.  , 58 (1937) 497-98. 



One source says t h e  chromoradiometer was a fused mixture 
o f  hydrogen ch lor ide  and sodium carbonate, see J. Cramer 
Hudson, "Rijntgen-Ray Dosimetry ,I1 i n  Otto Glasser,  & 
Science of Radiology ( sp r ing f i e ld ,  I l l i n o i s :  Charles C.  
Thomas, 1933). 

R. Sabouraud (chef du l abo ra to i r e  de l a  V i l l e  de Pa r i s  6 
l v h 6 p i t a l  s a i n t - ~ o u i s )  and Henri Noir6 (ad jo in t  au 

11 l abo ra to i r e ) , ,  Traitements des te ignes  tondantes par  l e s '  
rayons X 2 1 vEcole L a i l l e r  (Hdpital  Saint-Louis ) ," Presse 
Med., .g2 (1904) 8?5-27. 

For t he  dependence on temperature and humidity, see  
H. Bordier ( ~ r o f e s s e u r  agr6g6 2 l a  Facult6 de m6dicine 
de Lyon) and J. Galimard ( ~ r g p a r a t e u r  de chimie 2 l a  Facult6 
de m6dicine de L Y O ~ ) ,  "Actions des rayons X s u r  l e s  plat ino-  
cyanures e t  en p a r t i c u l i e r s  s u r  ce lu i  de baryum. Cause de 
l e u r  rgggneration. Cons6quences prat iques de c e t t e  $tudeY1' 
Arch. ~ i e c .  Med., 13 (1905) 323-26.  or the  e f f e c t  of t h e  
ava i lab le  l i g h t ,  see  Regaud and T. Nogier , "Estimation 
d i f f6 ren te  des doses de-rayons X suivant l e s  d ivers  modes 
d16clairage du ~chromoradiomhtre," Arch.. Elec. Med., 
(1911) 458-60; Communication au Congrhs .de l l A ; ' F .  A. 'S.;  
Section d 1 $ l e c t r i c i t 6  . ~6di=ale,: .aoClt . 1911. 

B. Bordier  on), "Radiometric Methods," Arch. Riint. Ray, 
11 (1906-07) li-13, a t  9.  The four  Bordier t i n t s  corresponded - 
t o  t he  following: 1, ep i l a t i on  a f t e r  twenty days; 2,  erythema; 
3, t r u e  dermat i t i s ;  4 ,  u lcera t ion  and necrosis .  

57. R .  Kienbiick, (Privatdozent ,  aus dem Radiologischen I n s t i t u t  
der  Allgemeinen P o l i k i l i n i k  i n  Wien). ' ' h e r  Dosimeter und das - - . 
Qwntimetr ische Verfahren ," Fortschr . Rijntgenstr. , 9 (1905-06) 
276-295. 

58. For iodine i n  chloroform, see L. Freund, "Ein neues radio- 
metrisches Verfahren (vorlgufige Mitteihung)," Wien. Klin. 
Wschr., JJ (1904) 417-18, vorgetragen i n  der  Sitzung der  
k. k. Gesellschaft  der  Aerzte i n  Wien am 8 Apr i l  1904; f o r  
t h e  p rec ip i t a t i on  of calomel, see  G. Schwarz, Fortschr .  
RBnt~ens t r . ,  10 (1906-07) 251, i n  a r e ~ o r t  ,on t h e  25 May 1907 
session of t he  k. k. Gesel lschaft  der  Artze i n  Wien; f o r  t he  
decrease of selenium res i s tance , .  see  G .  Athanasiadis  then, 
Physik . Laboratorium d . Univers . ) , "Wirkung der  Rijntgens t r sh l en  
auf den eleklirischen W,iderstand des Selens," Ann. Phys., 27 
(1908) 8gc-96. 



59. DIArsonval, "Disposi t i f  permettant de s e  rendre ident iques 
l e s  tubes $ rayons X," C.  R. Acad. Sc i .  ( P a r i s ) ,  138 (1904) 
1142-45 and Walter ( ~ s s i s t e n t  a .  Physkal. Staats-Labor. 
 amb burg) , " h e r  d i e  Messung der In tens i t t i t  der RBntgen-, 
s t rahlen,"  Verh. Deut. RBnt. Ges. , 1 (1905) 126-34. 

60. Alban Kijhler ( ~ i e s b o d e n ) ,  " h e r  Dosierung i n  der RBntgen- 
therapie  und Vorgange i m  Innern der  RBnt'genrohreY1' Fortschr.  
RGntgenstr. , 11 (1907) 1-12. 

61. ' For the  e a r l i e s t  of these  c l in ica l '  devices,  see Antoine 
B6clSre ( ~ 6 d e c i n  de 1 1 h 8 p i t a l  Saint-Antoine), "La mesure 
i n d i r e c t e  du pouvoir de p6n6tration hes rayons de RBntgen 
& l l a i d e  du sp in t e rm~t reY1 '  Arch. Elec. Med., 8 (15 a v r i l  
1900 ) 153-57 

62. Klingelfuss  asel el), "Die Einrichtung zur Messung der  
Rijntgenstrahlen m i t  de Sklermoter," Fortschr.  RBnt~ens t r . ,  
16  (1910-11) 64-65; J. Bergoni6, "Mesure du degrg radio- - 
chromom?trique par  l e  voltmetre 6 l ec t ros t a t ique  dans 

- . . 1' ut . i l i sa t ions  en m6dici:ne des. rayons .de .RBntgen ,." C.  R. ' 

Acad. ' Soc . .  is ) ? -  1 4 4  (1907) 28-29, presentge par  .M.. d 'Arsonval; 
I .and Heinz Bauer , ' , h e r  e in ige  konstruktive ~eurungen,"  Verh . 
. . . . -, ~es., ((1909).122-26, espec ia l ly  125-26 and 

"Das Qualimeter , " Verh . Deut . RBnt . Ges . , 1 (1911 ) 137-39, 
. 

with discussion. 

63. Beck, "Zum Selbstschutz be i  der Rijntgenuntersuchung," Fortschr . 
RBntgenstr . , 6 (1902-03) 268. 

64. For t h e  aluminum/silver instrument described', see  L.  Benoist ,  
11 0 Defini t ion expgrimentale des diverses  so r t e s  de rayons X 
pa r  l e  radiochromom~tre," C. R. Acad. Sc i .  ( P a r i s ) ,  134 
(1902) 225-27, present6e par  M. Lippmann; f o r  o ther  versions,  
see B. Walter, "Zwei Htirteskalen fiir RGntgenrohren," 
Fortschr .  RBntgenstr. , 5 (1902-03) 68-74 and A. Wehnelt , 
"Uber e ine  Rantgenr6hre m i t  veranderlichem Hartegrad und fiber 
einen neuen Hartemesser," Fortschr.  R 8 n t ~ e n s t r . ,  1 (1903-04) 
221-22. 

65. The bes t  of the  pre-war reviews of c l i n i c a l  measurement 
techniques, which I s h a l l  discuss  below, was Th. Christen 
( ~ r .  med. e t  ph i l .  , Privatdozent an der  Univ. Bern), 



Messung und Dosierung, Erganzungsband 28 of Fortschr .  
Riintgenstr. i n  a ' s e r i e s  t h a t  comprised t h e  Archiv und Atlas 
der  normalen uhd patholoaischen Anatomie i n  t m i s c h e n  
Riint~enbildern  ambu burg: Lucas Grafe und Sillem, 1913).  
See a l s o  W. Deane Butcher, "The Measurement of X-rays ," 
J. Riint. Soc. , k ( ~ e b r u a r y  1908) 36-45, read 6. February 1908 
and discussed 5 March 1908, a t  59-71; m d  H. Guillemot, 
"Les quantitomztres en radiographie e t  en radioth6rapieY1'  
Arch. Elec . Med. , 16 (1908) 763-72. 

66. Lord Bly-thswood (LL. D . ,  F. R. S . )  and Walter Scoble (A.  R .  C .  Sc. ,  
B. Sc . ) ,  "A Test of Kienbdck's Quantimeter," J. Riint. Soc., 
3 (1906) 36-38 and "The Relation Between the  Measurements - 
from a Focus Tube, with a View t o  Determine Which a r e  
Proport ional  t o  t he  In t ens i ty  of t he  Riintgen Rays," J. Riint. 
&, 3 (1907) 53-67, with discussion.  Scoble concluded 
t h a t  ion iza t ion  methods were bes t ,  see  h i s  "X-Ray Measurement: 
t h e  Present Posi t ion,"  J. Riint. Soc.,  3 (1907) 99-102, but 
t h i s  so lu t ion  was not considered p r a c t i c a l  f o r  the  c l i n i c ,  
as I s h a l l  discuss  below. 

',W. Deane Butcher, J. RGnt. Soc. , 2 (1907) , a t  62. 
' 

. . . . . . 

. . 
Kommission zur FestsetzUng f e s t e r  Normen fiir d i e  ~ e s s . + ~  der 
I n t e n s i t a t  der  Riintgenstrahlen, " ~ e r i c h t , "  Verh. Deut. Rant. 
Ges 3 (1907) 15-26, read by t h e  Rapporteur, Wertheim- ., - 
Salomonson (professor  of Radiography and Neuropathology a t  
t h e  University of ~msterdam) ,  a t  t h e  session of 31 March 
1907. The repor t  l e d  t o  a proposed reso lu t ion ,  a t  33 (it 
is  not c l e a r  whether it passed): "Bei jeder Messung so l l en  
Daten angeben werden, d i e  Starke der  RGntgenstrahlen 
charakter i s ie ren .  

Die I n t e n s i t a t  s o l 1  i n  der  Weise angegeben werden, dass 
d ie  Dosis reproduzierbar s e i .  

Alle  @;Ggbaren Messmethoden, sowohl d ie  d i rek ten  a l s  
auch d i e  ind i rek ten  kiinnen dafiir gebraucht werden. 

Eine bestimmte Methode l a s s t  s i c h  zur  Zei t  noch n ich t  
empf ehlen. 

F a l l s  e ine  photographische, photometrische oder ahnliche 
Methode'benutzt wird, so so l l en  d i e  Messungergebnisse womijglich 
m i t  der Wirkung e ine r  Hefnerkerze verglichen werden." 
This l a s t  po in t ,  which r e fe r r ed  t o  t he  s tandard amyl ace t a t e  . 
lamp used i n  measuring i l luminat ion,  went unheeded, the  
Commission was renamed the  Sonderausschuss fiir wissen- 
s cha f t l i che  und prakt ische Messmethoden, and it was disbanded, 
without repor t ing  again,  at t h e  eightah congreos (1912). T l ~ t  
C6minission had been crea ted  a t  t he  f i r s t  congress i n  1905 i n  
response t o  a proposal by Fr iedr ich  Dessauer, see  Verh. Deut. 
Riint. Ges., 1 (1905) 238. 



69. See the  "Rapport su r ,  l e s  conditions le'gales.. . ," note 22 
above, a t  60: "Le grand progrzs ac tue l  que f a i t  chaque jour 
l a  radiothe'rapie, c ' e s t  d'apprendre b doser avec une rigueur 
de plus en plus prgcise l a  auanti tg e t  l a  qua l i t6  des rayons 
employe'r. De mEme q u ' i l  y a une posologie medicamenteuse, il 
ex i s t e  aujourdl hui  une vgr i table  posologie radiologique . 
N1est - i l  pas e'vident que seu l  l e  medicin peut examiner e t  
t rancher ces questions s i  dgl ica tes ,  e t  que ce n ' e s t  qul& 

'. c e t t e  condition que l a  radiotherapie peut Etre une methode 
sc ien t i f ique  dans ses  procgdgs, gf f icace  dans ces rgsultats ." 

See, f o r  example, C. Thurstan Holland (M. R. C. S., L. R. C .  P. ), 
"Presidential  Address ," J. Rbnt . Soc . , 1 (~ecember 1904) 
25-37, a t  36: "At t h e  same time these a r t i c l e s  i n  the  da i ly  
press a r e  calculated t o  do harm, a s  many of  the  general public 
reading them may be l e d  t o  conclude t h a t  the re  i s  a danger of 
chronic dermati t is  and cancer being caused by having an X-ray 
examination made, o r  by being t r e a t e d  with X-rays .... It may 
be de f in i t e ly  s t a t e d  t h a t  no harm whatever can follow from 
a properly conducted examination, and I think one i s  J u s t i f i e d  
i n  saying t h a t  the  treatment by X-rays i n  s k i l l e d  hands i s  
a l s o  .harmless ." O r ,  see  G.,  E.. S. ~ h i l l i ~ s ,  llPresi.dential .. '  . 

Address ,11 J. ~ i i n t  . Soc. , ( ~ a n u a r y  1910) 1-14, a t  4: . "The. 
puklic  a r e  s t i l l  a l i t t l e  nervous as t d  X-ray burn.. Apart from . 

t he  ' f a c t  , ' t ha t ,  a sa t i s fac to ry  remedy seems t o  have b.een fouid 
[ ? ? ?  1, I take  it we a r e  agreed t h a t  'burning',  i n  these days, 
i s  due e i t h e r  t o  t h e  ignorance o r  carelessness of the  operator.  
It would perhaps be well,  therefore,  i f  an au thor i t a t ive  and 
reassuring statement upon the  matter were. issued by the  
Council of  t h i s  Society." 

71. For these  technical  developments, see  Robert ' k o x  (M. D. ) , 
11 Recent Improvements i n  Radiographic.Technique," J. R6nt. Soc., 
6 ( ~ c t o b e r  1910) 110-13 and W. Deane Butcher, "The Amsterdam - 
Congress ," Pres iden t i a l  Address, J. R6nt. Soc . , 5 ( ~ a n u a r y  
1909) 1-8. 

72. See, f o r  example, t h e  "Bericht ,I1 note 68 above. 

73. This problem had been pointed out even befgre the  discovery 
of cha rac te r i s t i c  X-rays, see B. Walter, "Uber das Riintgensche 
Absorptions'gesetz und se ine  Erk l~rung , "  Fortschr. Rijntgenstr., 
8 (1904-05) 297-303. - 



74. Howard P i r i e  (M. D . ,  B. S c . ) ,  "Prac t ica l  Observations on 
Everyday X-ray and E l e c t r i c a l  Work," J. RGnt. Soc., 6 
' ( ~ c t o b e r  1910) 105-10. O r  see  C.  E. S. P h i l l i p s  (F. R. S. E. 
I1 The Measurement of Radioactivity and X-Rays," J. RGnt. 
&, 3 ( ~ p r i l  1907) 89-99, a t  93: " . . .I gather  t h a t  the  
need f o r  a very prec ise  method of comparing X-rays is  not so 
pressing as some appear t o  think.  A t  l e a s t  one medical 
p r a c t i t i o n e r  has pointed out t h a t  t h e  e r r o r s  due t o  matching 
t h e  t i n t  of a Sabouraud d i sc  a r e  small r e l a t i v e l y  [ s i c  ] t o  
those a r i s i n g  from t h e  idiosyncracy of t h e  pa t i en t .  .Cases 
of X ray burn a r e  now happily r a r e  and it therefore  seems 
t h a t  added t o  a good p r a c t i c a l  experience, t he  methods of 
Kienb6ck and o thers  a re  accurate a s  f a r  a s  they go. While 
I agree t h a t  more convenient means should be looked f o r ,  a 
g rea te r  degree of  accuracy does not appear t o  be required 
than is already a t t a inab le  a t  t h e  present t ine ."  

75. R. von Jaksch (Hofrat , ~rofes ' so r ,  ~ r a g u e )  , " h e r  ~ e t a l l f i l t e r  ," 
Verh. Deut. RGnt. Ges., 8 (1912) 71-76, with discussion. 

A. 

76. J. Belot (chef du serv ice  d161ectrologie'  e t  de Radiologie 3 
1'Hbpita.l. Saint-Louis ) , "La . f i l t r a t i o n  en radioth6rapieY1' 
Arch. Elec. Med.., 18 (1910) 648-61. 

. .  . 

C 1 .  ~ e g a u d  and Th. Nogier (Agrgggs 5 l a  Facults  de Mgdicine 
de Lyon) , "Les e f  f e t s  produits  sur l a  peau pa r  l e s  hautes 
doses de rayons X selectionnges par  f i l t r a t i o n  3 t r ave r s  3 e t  
4 millimZtres d aluminum. Applications 5 l a  Riintgenther-api e , " 

Arch. Elec. Med., 22 (1913) 49-66 and 97-128, a t  103: "I1 
e s t  donc evident que l e s  uni t& H que nous mesurons 2 Lyon 
sont  'trZs d i f f e ren tes  de c e l l e s  que mesures nos confrzres 5 
Par is .  " 

78. C .  J. Gauss and H. Lembcke (Freiburg i. B. ) , R6ntgentiefen- 
therapie ,  i h r e  theoret ischen Grundleaen, i h r e  praktischen 
an wen dun^ und i h r e  kl inischen Erfolge an der  Freiburger 
Universit&tsfrauenklinik, 1. Sonderband zu Strahlenth.  , mit 
einem Vorwort von Prof.  D r .  B. KrCnig (~e r l in /Wien :  Urban 
and Schwarzenberg , 1912 ) . 

7 9 .  See t h e  discussion of dosimeters i n  Verh. Deut. Rijnt. Ges., 
.10 - (1914) 187-91 and "Rundscreiben der  Sonderkommission fiir 
Dosimetervergleich ," Fortschr  . Rijntgenstr . , 2J (1915-16) 69-70, 
and t h e  co,rrunents of ~ e ~ e r ,  a t  75-76. 



80. Some experiments showed no e f f e c t  of qua l i t y  so  long a s  t h e  
absorbed doses were t h e  same, see  f o r  example Guilleminot, 
"Actions biologiques compar6es des rad ia t ions  du radium e t  
des rad ia t ions  de rgntgen. Loi d 1 e f f i c a c i t 6  biochimique des 
rad ia t ions ,"  Comptes rendus e t  Communications I I I e  Congrzs 
i n t e rna t iona l  de l a  physiothgrapie ( p a r i s  : Masson, 19111, 
pp. 674-84. Others showed t h a t  t he  harder rays had g rea t e r  
e f f e c t  f o r  equal absorbed doses, see  f o r  example Hans Meyer 
and Hans R i t t e r  ( E e l  ) , "Experimentelle Untersuchungen zur 
biologischen Strahlenwirkung," Verh. Deut. Rant. Ges., 8 
(1912) 126-35, with discussion. S t i l l  o thers  thought t h a t  
a i f  fe ren t  c e l l s  reac ted  d i f f e r e n t l y  t o  rad ia t ion  of d i f f e r en t  
q u a l i t i e s ,  see Regaud and Nogier, note 77 above. 

81. Chris ten,  note 65 above. For an obi tuary of Christen by 
Bernhard Walter, see Fortschr . Rantgenstr . , 28 (1921-22) 
391-92. 

82. See espec ia l ly  t he  instruments designed by P. Vi l la rd ,  
"~ns t ruments  de mesure 3 l e c t u r e  d i r ec t e  pour l e s  rayons x," 

. Arch. Elec. Med. , 16 (1908) 692-99 and h i s  "Radioscl6rom8tre ,I1 

i b id . ,  236-35. 

. . 83. J.. J. Thomson (M. A ..,,,, F.. R .  S . ,  Cavendish 'Professor of 
, Experimental Physi.cs, cambridge) and E. ' Rutherford (M. A,. , 

T r i n i t y  College, Cambridge, 1851 Exhibition Scholar,  New 
Zealand univers i ty  ) , "On t h e  Passage of E l e c t r i c i t y  through 
Gases Exposed t o  Rbntgen Rays," Ph i l .  Mag. , & (~ovember 1896) 
392-407, read before Section A of t h e  B r i t i s h  Association, 
1896. 

84. See the  complaints about t h i s  publ ic  a t t i t u d e  i n  C .  Mansell 
Moulin. (consul t ing Surgeon t o  the  London Hospital ,  Vice 
President  of t h e  Royal College of Surgeons), "The Treatment 
of Malignant Growths by ~adium,"  J. Rijnt . Soc . , 1 ( ~ u l ~  1911) 
67-75. I n  t he  discussion,  J. MacKenzie Davidson, a medical . 
rad io logis t  who was knighted i n  1911, commented ( a t  73): 
"It i s  very unfortunate t h a t  t he  publ ic  have an idea  t h a t  
radium does cure cancer. I th ink  by' ' t ry ing '  radium people 
o f t en  end t h e i r  exis tence a l i t t l e  sooner than they  would 
otherwise do." 

85. The London Radium I n s t i t u t e  began operations i n  1911, see i t s  
"F i r s t  Report, 1 4  August 1911-31 December 1912," B r i t .  Med. J. 
(25 January 1913). The Pasteur  I n s t i t u t e  and the  University 
of Pa r i s  agreed t o  bu i ld  t h e  Curie I n s t i t u t e  i n  1912, but  it 
w a s  not operat ional  u n t i l  a f t e r  World War I. The Radiumhemmet 
i n  Stockholm opened before t h e  War. 



86. This death i s  mentioned, without a name o r  fu r the r  reference,  
i n  t h e  repor t  t o  t he  French Academy of Medicine, note 22 above. 

87. Ernest Rutherford, "The Radioact ivi ty  of Thorium," J. Rijnt. 
Soc., 1 ( ~ p r i l  1911) 23-30. 

88. " A t  l a s t  suppl ies  of pure radium s a l t s  a r e  coming t o  hand 
both of home manufacturers and from abroad; t h e  p r i c e  i s  high, 
about £20 per  milligramme, but it i s  something t h a t  it i s  
obtainable a t  any p r i c e  . . . , I t  J .  RBnt. Soc., 2 ( ~ a n u a r y  1911) 16.  
I n  1923, t h e  p r i c e  f e l l  t o  around £15 per  milligramme, see  
the  South African Mining and Engineering Journal ,  17  February 
1923, BARF' Clipping F i l e  I V  a t  t h e  Library of  t he  B r i t i s h  
I n s t i t u t e  of Radiology. See a l s o  Thomson, note 2 above, who 
indica ted  t h a t  t he  p r i c e  i n  1903 had been 8 s .  per  milligram, 
and s a i d  of t h e  subsequent r i s e  t o  £20 per  milligram, " there 
i s  no doubt t h a t  t h i s  enormous r i s e  i n  p r i ce  has been due t o  
t he  widespread b e l i e f  t h a t  radium had been found t o  be a cure 
f o r  cancer ..." 

89. For reviews of .radium therapy, see  P. Oudin ( P a r i s ) ,  ";tat ac tue l  
de l a  radiumthe'rgpie ," ~omptes  rendus des se'ances du 3e Congrss 
In t e rna t iona l  dt ,Electrologie  e t  de Radiologie Mgdicale, 
Milan, 5F9 September 1906 ( ~ i l l e :  Camille Robbe, 19061, 
pp. 113-127; S .  Loewenthal, ed.,  Gundriss der ~adiumthei-apie 
und der  b i o l o ~ i s c h e n  Radiumforschung (wiesbaden: J .  F. Bergmann: 
1912); and Paul Lazarus, Handbuch der  Radium-Biologie und 
Therapie, e in sch l i e s s l i ch  der  anderen Radioaktiven Elemente 
(wiesbaden: J. F. Bergmann, 1913). 

90. See, f o r  examples of t h i s  vast  l i t e r a t u r e ,  J u l i u s  E l s t e r  and 
Hans Ge i t e l ,  "Beobachtungen des atmospharischen Po ten t i a lge fa l l e s  
und der u l t r a v i o l e t t e n  Sonnenstrahlung," Ann. Phys . , 48 '(1893) 
338-73, and H. Mache, "Be i t rGe  zur Kenntnis der atmospharischen 
E l e k t r i z i t a t  X X I :  Uber di-e Genesis der  Ionen i n  der  Atmosphare," 
S i t z u n ~ s b e r .  Akad. Wiss. (wien).  , Abt. I I a ,  (1905) 1377-88. 
E l s t e r ,  Gei te l  and Mache turned t h e i r  electroscopes t o  use 
i n  measuring r ad ioac t iv i ty  as  wel l .  

91. Errors  occurred, f o r  example, when p rac t i t i one r s  introduced 
a sample i n t o  an electroscope without taking account of t he  
consequent change of t h e  electroscope 's  capaci ty,  see f o r  
example the  c r i t i c i s m  of Herr Saubermann (an advocate of 
radium emanation i n ,  t.herapy) i n  IIcinrich Mache an& Stefan Meyer 



(aus dem 11. Physikalischen I n s t i t u t  und dem I n s t i t u t  fiir 
theore t i sche  Physik an der k. k.  Universi ta t  i n  Wien) , " b e r  
d i e  Radioakt ivi ta t  der  Quellen der bijhmischen Badergruppe: 
Karlsbad, Marienbad, Teplitz-Schijnau-Dux, Franzensbad sowie 
von S t .  Joachimsthal," S i tzmgsber .  Akad. Wiss. ( ~ i e n ) ,  Abt. 
I I a ,  114 (1905) 355-85, vorgelegt i n  der Sitzung am 16  Februar 
1905, a t  376; and a l s o  S. Russl c r i t i c i s m  of W. S. Lazarus- 
Barlow1 s (M.  D. , F. R .  C.  P ,  ) claim t o  have discovered sub- 
s tances t h a t  would r e t a r d  the  leak of an electroscope,  i n  
t he  discussion following t h e  l a t t e r  ' s "Radioactivity and 
Animal Tissues," J. Rijnt . Soc . , 6 ( ~ p r i l  1910) 33-51, at 
40. For reviews of t h e  therapeut ic  uses of radium emanation, 
see  Lowenthal and Lazarus, note 89 above and a l s o  Lachmann 
 a ad Landeck i. Schl.  ) ,  "Die Radiumemanation i n  der  Balneologie," 
S t rah len th . ,  g (1913) 153-69. 

92.  The u n i t  was introduced by Heinrich Mache (aus dem 11. 
physikalischen I n s t i t u t e  der  k. k. Universi ta t  i n  ~ i e n ) ,  
11.. Uber d i e  Radioakt ivi ta t  der Gasteiner Thermen," Sitzungsber.  
Akad. Wiss. ( ~ i e n ) ,  Abt. I I a ,  2 (1904) 1329-52 and 
Mache and Meyer, note 91 above. 

. . 
93. P. C q i e  and A. ~ a b o i d e ,  "Sur l a  rad ioac t iv i td  des gaz, :.qui 

" 

. . s e  dggagent de l ' e a u  des sources thermales ," C.. R. Acad. 
. . . . .  Sc i .  ( P a r i s ) ,  138 (1904). 1150-53, transmise par  M. Pokier. 

94. This "spreading d i f f i cu l ty"  would generate many p r o p o ~ a l s  
and debates over the  next twenty years ,  but f o r  one of i t s  
e a r l i e r  manifestations see  W. Wien (Physikalische I n s t i t u t ,  
~ i i r z b u r g  ) , " h e r  die  Energie der Kathodenstrahlen i m  V e r h a t n i  s 
zur Energie der Rijntgenund Sekun&rstrahlen, " aus der  Wiillner- 
Fes t sch r i f t  m i t  e inigen Zusiitzen, Ann. Phys., 18 (1905) 991- 
1007, received 27 November 1905. Wien suggested t h a t  t he  
pulses were s tored  up i n  an atom u n t i l  t he re  was s u f f i c i e n t  
energy t o  t r i g g e r  the  expulsion of an e lec t ron ,  and t h a t  
t he  secondary e lec t ron  got some of i t s  energy from the  

.atom r a t h e r  than from t h e  X-ray pulse.  

95. The e a r l i e s t  of t h e  e f f o r t s  t o  measure t h e  heat ing e f f e c t  of 
absorbed X-rays was E. Dorn, "Ueber d i e  erwiirmende Wirkung der 
R6ntenstrahlenY1' Ann. Phys . , '63 (1897) 160-76, Halle , 8 
August 1897 ( ~ i e  Ergebnisse s ind  der Naturforschenden Gesell- 
schaf t  zu Halle am 8. Mai d. J. m i t g e t h e i l t ) .  Especial ly  
well-known and often-ci ted was Ernest Rutherford (M. A. , 
B. Sc.,  Macdonald Professor  of Physics,  McGill University,  



~ o n t r e a l ) ,  "Energy of Rijntgen and Becquerel Rays, and the  
Energy required t o  produce an Ion i n  Gases," Ph i l .  Trans.,  
1 9 6 ~  (1901) 25-59, communicated by Professor  J. J. Thornson, 
received 15  June 1900 and read 21 June 1900. Others,  
however, had d i f f i c u l t  f inding any heat ing,  see Franz Leininger 
(wkzburg, Phsikal.  - 1ns t i t u t  ) , "Noti z iiber Energiemessungen der RBntgen- 
s t rah len ,"  Phys. Z . ,  2 (1900) 691-93, eingegangen 3 August 
1901. Moreover, t h e  notion of a " t r igger"  e f f e c t ,  a s  i n  

A Wicn, note 94 above, ca s t  doubt on using the  heat ing e f f e c t  
as a measure of  t he  energy of X-rays s ince  some of  t h e  heat 
would have been due t o  energy o r ig ina t ing  i n  t h e  atom. 



Chapter 4: Developments i n  Science and t h e  Impact of  War, 1907-18 

While X-rays and radium were en ter ing  c l i n i c a l  use before 

World War I ,  laboratory research i n  physics,  biology and X-ray 

techriology was producing .discoveries '  t h a t  a f t e r  1914 would br ing 

major . . changes t o  medical radiology. I n  t h e  h i s to ry  of physics ,  

t he  demonstration of X-ray d i f f r a c t i o n  i n  1912 by th ree  German 

phys ic i s t s  i s  considered a c r i t i c a l  event,  'and it might seem 

reasonable t o  assume t h a t  it was c r i t i c a l  f o r  medical radiology. as  

well . '  As we s h a l l  see ,  two o ther  events i n  physics proved of 

much g rea t e r  importance: . t he  discovery i n  1907 of c h a r a c t e r i s t i c  

secondary X-rays by the  English phys i c i s t s  C.  G. Barkla and 
. . . . 

C.  A.  ,SadleY.; .and the  cloud-chamber photographs 'showing t h e  paths 
. . 

of .secondary cathode rays taken by another English' phys i c i s t ,  . . .  . . 

C. T. R .  Wilson, i n  193.1. In  biology, extensive laboratory 

experimentation l e d  t o  a the'ory of  rad ia t ion  e f f e c t s  Chat r e l i e d  

on t h e  co l lo ida l  aggregate theory of p ro t e ins ,  and t h a t  appeared 

t o  explain the  b io logica l  e f f e c t s  of rad ia t ion  in physical  terms. 

I n  X-ray technology, the  major event was t h e  invention i n  1913 of 

t he  high-vacuum, hot-cathode X-ray tube by W. D. Coolidge, an 

American phys ic i s t  and e l e c t r i c a l  engineer. I s h a l l  describe 

these  developments i n  physics,  biology and X-ray technology 

b r i e f l y  i n  t h i s  chapter and consider t h e i r  relevance t o  medical 

radiology i n  general terms. I s h a l l  a l s o  discuss  how World War I 

af fec ted  medical radiology, but I s h a l l  leave f o r  Chapter 5 t h e  

de t a i l ed  account of how t h e  pre-War laboratory research proved i t s  

usefulness i n  t he  c l i n i c  during and a f t e r  t he  war. 



The work i n  physics t h a t  I s h a l l  discuss  was all c lose ly  t i e d  

t o  t h e  question of t h e  nature of X-rays. Barkla, who with Sadler  

discovered c h a r a c t e r i s t i c  X-rays, was a leading exponent of t h e  

pulse theory t h a t  we have described above. Wilson's cloud- 

chamber photographs supported the  .views of  W. H. Bragg, who from 

.1907 t o  1912 advocated a p a r t i c l e  theory of X-rays and gamma rays.  

Bragg and Barkla were. enmeshed ie  these  years i n  a complex 

controversy over t he  nature of X-rays and gamma rays t h a t  was 

resolved by the  experimental work of  Max Laue, Paul Kriipping and 

Walter ~ r i e d r i c h . '  Their X-ray d i f f r a c t i o n  pa t t e rns  deinonstrat&d 

t h a t  x-rays .were ne i the r  Barkla 's -pulses nor Bragg's p a r t i c l e s ,  

but  ordinary electromagnetic waves l i k e  l i g h t .  I s h a l l n o t  attempt 
. . , .  . 

h e r e .  t o  o.ffer .a f u l l  :narrat%ve account of t h e  debate over 'the nature 

of ,,X-.rays and rays before World. War I ,  but  I s h a l l .  i n s t ead  

aim t o  summarize what a phys ic i s t  i n  1914 might know about t he  

in t e rac t ion  of X-rays with matter and t o  consider t h e  degree t o  

which t h i s  knowledge was expl icable  on t h e  preva i l ing  view t h a t  

X-rays were electromagnetic waves. 

The X-ray diffra .ct ion experiments ' tha t  Laue convinces Knipping 

and Fr iedr ich  t o  undertake. a r e  remembered today a s  a major event 

i n  the  h i s to ry  of physics. The de t a i l ed  s t o r y  of t he  experiments 

and t h e i r  i n t e rp re t a t ion  is  ,a complex one. Phys ic i s t s  d id  not 

accept Laue's o r i g i n a l  explanation of t he  d i f f r a c t t o n  pa t t e rns ,  

.and t h a t  explanation i s  not t he  one i n  use todayO2 To those 

outs ide physics,  however, it appeared t h a t  t h e  nature of X-rays had 



been rap id ly  and unequivocally elucidated.  They were not e lec t ro-  

magnetic pulses ,  which would have no determinable wavelength. 

Instead,  X-rays were electromagnetic waves l i k e  l i g h t  but  with 

much sho r t e r  wavelengths. The "softer1' X-rays had longer wave- 

lengths c lo se r  t o  u l t r a v i o l e t  l i g h t  and t h e  "harder" X-rays had 

sho r t e r  wavelengths. Crystals  d i f f r ac t ed  X-rays ju s t  as a 

s u f f i c i e n t l y  f i n e  s l i t  o r  gra t ing  d i f f r ac t ed  l i g h t .  Using the  

in te r fe rence  pa t t e rns ,  it was possible  t o  determine t h e  X-ray 

wavelengths, and by 1914 it was a l so  possible  t o  ca l cu la t e  them from 

the  known absorption coe f f i c i en t s  of homogeneous X-rays. 3 

As fundamental a s  the  discovery of  t h e  nature of X-rays was 

t o  physics,  it f a i l e d  t o  solve important problems and had l i t t l e  
. .  . . . 

. . i f f d c t  ,on m8dica.l. rad io logica l  research o r  p'ractice.   he: r e s u l t s  ' . . 
. . . . 

. .' of  t he  .X-'ray d i f f r ac t ion  experiments were known i n  medical radiology, 

and the  language of "wavelengths" p a r t i a l l y  replaced the  e a r l i e r  

language of "hardness" and "penetrat ing power" i n  r e f e r r ing  t o  

X-ray qua l i ty .  In te r fe rence  measurement of X-ray wavelengths 

remained, however, a laboratory technique and d id  not en t e r  t h e  

c l i n i c . 4  Moreover, t h e  nature of X-rays was only one of t he  three  

i n t e r r e l a t e d  problems the  phys ic i s t  had faced s ince  1896. The 

o ther  two were t h e  nature of t he  processes generating X-rays and 

t h e  mechanism of  t he  in t e rac t ion  of X-rays with matter.  The 

d i f f r a c t i o n  experiments and t h e  theory t h a t  accounted foi. them 

f a i l e d  t o  solve these problems. The notion t h a t  X-rays were 

produced by decelerat ion of cathode rays remained much as  it had 



on the  pulse theory. But i n  1915, when it was discovered t h a t  

t h e  maximum frequency of t he  X-rays produced by Coolidge's tube 

was proport ional  t o  t h e  voltage across t he  tube, t he  e lec t ro-  

magnetic wave theory could provide no b e t t e r  explanation than 

the  pulse theory. 5 Moreover, t he  electromagnetic wave theory 

d id  nothing t o  solve t h e  "spreading d i f f i cu l ty"  t h a t  I described 

i n  Chapter 3.  Like pulses ,  waves would spread from t h e i r  point  

:of o r ig in  and have in su f f i c i en t  energy to.  cause t h e  observed 

ioniza t ion  when they were absorbed i n  a i r .  

It was p a r t l y  t o  solve the  "spreading d i f f i c u l t y "  t h a t  Bragg 

had proposed a p a r t i c l e  theory 'of X-rays. On h i s  theory, t he  

ion iza t ion  produced by t h e  absorption of X-rays was due t o  secondary 
. . . . . . 

, cathode A ~ I  X-ray o r  gamma corpuscle was t o  .be regarded 

a s  a . "neu t r a l  pa i r , "  whieh  rag^ deskiibed as  a cathode p a r t i c l e  

combined with enough pos i t i ve  e l e c t r i c i t y  to. neu t r a l i ze  i t s  

negative charge. In  passing through matter ,  t he  neu t r a l  p a i r s  

would occasionally be torn  apar t  by co l l i s ions  with atoms, releasing 

cathode rays.  These "secnndary" cathode rays would then cause the  

ion iza t ion  u ~ u a l l y  a t t r i b u t e d  t o  t he  X-rays themselves. ' I n  

1911, C.  T. R .  Wilson succeeded i n  making t h e  paths of t h e  charged 

p a r t i c l e s  involved i n . t h e  ion iza t ion  of  a gas v i s i b l e  and thereby 

l e n t  s t rong  support t o  Bragg's view of t h i s  process.  By t r i gge r ing  

a lamp with a mechanism t h a t  a l so  caused the  expansion of a chamber 

sa tura ted  with water vapor 'and exposed t o  X-rays, Wilson photographed 

the  water droplets  t h a t  condensed along t h e  paths of t h e  charged 



p a r t i c l e s  immediately a f t e r  t h e  expansion. These "cloud-chamber" 

photographs showed c l ea r ly  t h e  sho r t  paths of t h e  secondary cathode 

rays.  The ion iza t ion  was not spread uniformly throughout t h e  gas, 

as would have been expected i f  it were caused by e i t h e r  e lec t ro-  

magnetic pulses o r  waves. As Wilson sa id ,  t he  p i c tu re s  were " in 

agreement with Bragg's view t h a t  t h e  whole of  t h e  ion i sa t ion  by 

X-rays may be regarded as  being due t o  o r  cathode rays a r i s i n g  4 
from t h e  x-rays. 117 Bragg's p a r t i c l e  theory o f  X-rays f e l l  vict im 

a f t e r  1912 t o  t h e  d i f f r ac t ion  experiments, but t h e  cloud-chamber 

photographs remained. The cathode rays could no' longer be viewed 

a s  coming from Bragg's neu t r a l  p a i r s  and ins tead  were thought t o  

be e j ec t ed  from an atom when an X-ray was absorbed. Moving a t  high 
, . .. 

ve loc i t i e s  through a ias':, d r  thrdugh liv5ng t i s s u e ,  these  r e l a t i v e l y  

few cathode rays .coi i ided with atoms and caused t h e  vast  bulk of 

t h e  observed ioniza t ion .  

Secondary cathode ,rays from the  absorption of X-rays i n  metal 

shee ts  had been observed before Wilson's cloud-chamber photographs 

of  t h e i r  paths i n  a gas. Their v e l o c i t i e s ,  l i k e  those of e lec t rons  

produced from metal surfaces by u l t r a v i o l e t  l i g h t  ( t h e  "photoelectric" 

e f f e c t ) ,  had been found experimentally t o  be independent of t h e  

i n t e n s i t y  of t h e  rad ia t ion .  The ve loc i ty  of  t he  secondary cathode 

rays depended only on t h e  hardness of  t he  X-rays. When i n  1912 

t h e  d i f f r ac t ion  experiments showed t h a t  X-rays were electromagnetic 

waves, it was r ead i ly  assumed t h a t  t h e  ve loc i t i e s  of  t h e  secondary 

cathode rays could be ca lcu la ted  from the  same "Planck-Einstein" 

r e l a t i o n  t h a t  governed t h e  photoe lec t r ic  e f f ec t :  

h J  = E~ = 1 / 2 ( m 9 )  



where was t h e  frequency of the  rad ia t ion ,  & w a s  Planck's constant ,  

E was t h e  k ine t i c  energy of  t he  cathode ray produced, g was i t s  
4 

mass and p was  i t s  veloci ty .9 Todey, the  Planck-Einstein r e l a t i o n  

i s  usual ly assoc ia ted  with a p a r t i c l e  theory of  l i g h t  and X-rays, 

which a r e  regarded as "photons" o r  l i g h t  q u a n t a o f  e n e r a  h3. - 
Before the  ea r ly  l92Os, however, t h i s  r e l a t i o n  was not general ly  

viewed a s  a statement concerning t h e  energy of l i g h t  p a r t i c l e s .  

The view most important t o  medical radiology w a s  t h a t  t h e  Planck- 

Eins te in  r e l a t i o n  governed ' the transformation of t h e  energy of an 

electromagnetic wave of frequency 3 i n t o  the  k i n e t i c  energy of 

cathode rays.  Applied t o  the  secondary cathode rays revealed 

, i n  t h e  cloud-chamber photographs, t h e  Planck-Einstein r e l a t i o n  
. .  . 

would, a s  we s h a l l  s ee ,  . p l ay  an .,im$ortant ' ro le  i n  t h e  development, 
. . 

. . .., . of X-ray dosimetry. . . .  . . . 

The secondary cathode rays were not t he  only "secondary" rays 

produced by X-rays when they were absorbed i n  matter.  Rbntgen 

himself had been among t h e  discoverers of s ca t t e r ed  X-rays. 10 

These appeared t o  be equivalent i n  hardness ' t o  t h e  primary beam, I 
but  .they rad ia ted  i n  a l l  di.rections from the  place where the  I 
primary beam was absorbed. A g rea t  deal  of experimental research 

had been conducted on sca t t e r ed  X-rays during the  f i r s t  decade of 

t he  twentieth century. Barkla, using t h e  pulse theory a s  a guide, 

had been a major cont r ibu tor  t o  t h i s  work. I n  1907, he and Sadler  

discovered t h a t  on exposure t o  a heterogeneous beam of primary 1 
X-rays t h e  element n icke l  produced not only sca t t e r ed  rad ia t ion  but I 
a l s o  homogeneous secondary .rays s o f t e r  than t h e  primary beam. 



Further inves t iga t ion  showed t h a t  t hese  homogeneous X-rays were 

cha rac t e r i s t i c  of t he  element exposed t o  the  primary beam, t h a t  

they were s o f t e r  t h e  lower the  atomic weight of t h e  materi.al, and 

t h a t  they could only be exc i ted  by a primary beam containing X-rays 

of equal o r  g r e a t e r  degree of hardness. li 

By 1914, Barkla 's cha rac t e r i s t i c  X-rays had become a major 

focus of  a t t en t ion  i n  atomic physics,  and during t h e  next decade 

they would prove c r i t i c a l  t o  the  development of a quantum theory 

of the  atom.12 For our purposes, however, ' t he  most important 

aspects  of  t h e  c h a r a c t e r i s t i c  rays were experimental. Corresponding 

t o  t he  emission of cha rac t e r i s t i c  secondary X-rays were absorption 

edges: a s  t h e  hardness of t h e  primary beam .was increased, i t s  
. . . . 

, '  .absorpt ibn i n  a .given mater ial  increased sharply at  t h e  same degree . , 

. . 
of hardness a s  . the  c h a r a c t e r i s t i c  secondary x-rays .&id then de'clined 

gradually. A s  a r e s u l t  of t h i s  s e l ec t ive  absorption, mater ia l s  

absorbed X-rays of d i f f e r en t  qua l i t y  d i f f e r e n t l y ,  and the  exponen t id  

law f o r  t he  decrease i n  X-ray i n t e n s i t y  d id  not hold i n  the  region 

of t he  absorption "edges." Moreover, every mater ia l  appeared t o  

be espec ia l ly  t ransparent  t o  X-rays corresponding t o  t h e  hardness 

of  i t s  own cha rac t e r i s t i c  X-rays, s ince  these would be se l ec t ive ly  

absorbed and re-emitted. By t h e  beginning of World War I ,  

c h a r a c t e r i s t i c  secondary X-rays had been observed i n  a l l  elements 

down t o  the  atomic weight of aluminum (27). 

With these  d e t a i l s  i n  t h e  background, l e t  us summarize the  

immediate pre-War s i t u a t i o n  i n  physics from t h e  point  of view of 

someone in t e re s t ed  i n  t he  in t e rac t ion  of r ad i a t ion  with matter.  



The simple p i c tu re  of exponential  absorption of  X-rays o r  gamma 

rays of any given hardness t h a t  w a s  held ten  years e a r l i e r  had 

, . changed considerably. X-rays produced severa l  d i f f e r en t  kinds of 

secondary rad ia t ion :  t he  sca t t e r ed  X-rays of  approximately t h e  
. . 

. . same qua l i t y  a s  t h e  primary X-rays; t h e  cha rac t e r i s t i c  X-rays of 

.equal o r  l e s s e r  hardness than the  primary beam; and t h e  cathode 

rays t h a t  were d i r ec t ly .  responsible ' for  t he  ion iza t ion  .caused by 

exposure t o ' t h e  primary beam. Gapma rays were a l s o  sca t t e r ed ,  

and they produced secondary cathode rays as  well .  With increasing . 

hardness, X-rays showed s e l e c t i v e  absorption edges c h a r a c t e r i s t i c  

of a  given element. The proportion of X-rays o r  gamma rays t h a t  

was sca t t e r ed  increased with t h e  hardness of  t h e  rays,  .and t h i s  

. . prqporti0.n was a l so  g rea t e r  f o r  elements of low&- atomic .weight. 
. . .., 

.The ve loc i ty  of t h e  secondary cathode rays produced i n  t h e  . . 
. , . . .. . - . 

. . . . 

ibsorp t ion  df x-*ays o r  gaqna rays indreased with the  hardne'ss of 

t h e  rad ia t ion  i n  accordance with t h e  Planck-Einstein r e l a t i o n ,  and 

t h i s  veloci ty  was independent of t h e  i n t e n s i t y  of t h e  rad ia t ion .  

The in t e rac t ion  of X-rays with matter was a  complex process,  and 

none of th'ese phenomena was r ead i ly  expl icable  on t h e  .generally 

accepted theory t h a t  X-rays and gamma rays were electromagnetic 

waves. 

While t h i s  anomalous s i t u a t i o n  w a s  developing i n  physics,  

the  use of rad ia t ion  a s  a  research t o o l  i n  biology was expanding 

rapidly.  Their i n t e r e s t  aroused by the  e f f e c t s  of r ad i a t ion  on 

germ c e l l s  and by radiation-induced carcinoma, b io log i s t s  w d  

research-oaiented physicians working on embryology, heredi ty  and 



c e l l  development began i n  t he  decade before World War I t o  regard 

rad ia t ion  a s  an elegant means of d i s turb ing  t h e  n o m a  course of 

development and reproduction. I f  t h e  primary l e s ion  i n  such a 

disturbance could be iden t i f i ed ,  t h e  b io log i s t s  would have a h i n t  

o f  what s t ruc tu re s  i n  t h e  c e l l  cont ro l led  these  processes. Work 

i n  t h e  b io logica l  laboratory used radium more than X-rays, but  

t h i s  preference was due t o  t he  constant a t t en t ion  required i n  

operat ing an X-ray tube r a t h e r  than t o  s c i e n t i f i c  considerat ions.  

If radium could be obtained a t  a l l ,  it was e a s i e r  t o  use than an 

X-ray tube, and i n  general the  gamma rays of radium were assumed 

t o  produce b io logica l  e f f e c t s  s imi l a r  t o  those of X-rays. Exposing 

a va r i e ty  of experimental samples--molds, f e r t i l i z e d  eggs of  sea  
.. . . . . . 

urchins a n d  of . worms . .found 3n horse sa l ivq ,  tadpoles ,, and p l an t  . . 
. . 

c e l l s  a s  wel l  ak'variouk t i s s u e s  from higher species--the b io logic+l  . 
' . 

inves t iga t ions  produced .a s ign i f i can t  volume of descr ip t ive  mater ia l  

concerning rad ia t ion  damage on the  c e l l u l a r  and sub-cel lular  l e v e l s . l 3  

I n  1905, two French physicians summarized t h e i r  inves t iga t ions  of 

t h e  d i f f e r e n t i a l  e f f e c t s  of X-rays on the  various c e l l s  of t he  r a t  

t e s t i c l e :  "X-rays a c t  with g rea t e r  i n t e n s i t y  on c e l l s  t he  g rea t e r  

t h e i r  reproductive a c t i v i t y ,  t h e  longer they take i n  c e l l  d iv is ion ,  

and the  l e s s  t h e i r  morphology and functions a r e  d e f i n i t i v e l y  

determined. "14 This " law" of Bergoni6-Tribondeau, which was 

discussed b r i e f l y  i n  Chapter 1, stood up remarkably wel l  during t h e  

next  t e n  years.  There were exceptions t o  t h e  genera l iza t ion ,  bu t  

it nevertheless  summarized a vas t  amount of experience and it came 

t o  be regarded a s  t h e  cornerstone of rad ia t ion  biology. 



To b io log i s t s  who believed the  chromosomes were e s s e n t i a l  t o  

c e l l  reproduction and heredi ty ,  t he  law of Bergonik-Tribondeau 

suggested t h a t  t h e  s t r i n g s  of  highly-staining mater ia l  i n  t h e  

nucleus might be the  c i t e  of t he  primary l e s ion  i n  r ad i a t ion  

e f f e c t s .  The chromosome theory of heredi ty  was no t ,  however, a 

dominant view before World War I. Radiation had o ther  biochemical 

e f f e c t s  t h a t  might account f o r  t he  damage t o  t i s sue :  it af fec ted  

a number of  enzymes, and it a l so  cleaved t h e  phospholipid l e c i t h i n ,  

which seemed t o  be present i n  a l l  c e l l s ,  and t h i s  chemical react ion 

produced the  tox ic  substance cho1in.l5 Foremost among the  

advocates of t he  chromosomes .as t h e  c i t e  of t he  primary l e s i o n  i n  

r ad i a t ion  e f f e c t s  before the,War was Oscar Hertwig, who with hks 
. . , . 

. . . . . .  
daughter Paula produced' extensive experiments t o  demoistl 'ite t h a t  . . ,  

. . . .  . 

rad ia t ion  a f fec ted  the  chromatin d i r e c t l y  ( t h a t  i s ,  not i n d i r e c t l y  

a s  a r e s u l t  of o ther  biochemical e f f e c t s )  and t h a t  t h e  e f f e c t s  on 

the  u n f e r t i l i z e d  sperm o r  egg manifested themselves a f t e r  

f e r t i l i z a t i o n  i n  t h e  development of the  individual .  l6 Indeed, t he re  

were severa l  claims t o  the  experimental demonstration t h a t .  character- 

i s t i c s  acquired by exposure t o  rad ia t ion  were inhe r i t ed ,  bu t  t h e  

v a l i d i t y  of these  claims did not gain general recognition. 1 7  

Beginning around 1910, and acce lera t ing  rap id ly  t h e r e a f t e r ,  

t h e  chromosomal view of rad ia t ion  d e g e  gained ground, becoming 

during and a f t e r  World War I a p l u r a l i t y  i f  not a majori ty  view. 

There were two important f ac to r s  i n  t h i s  change: t h e  chromosome 

%Beor; of heredi ty  was gaining wider acceptance from 1910 on, and 

the  co l lo ida l  aggregate theory of pro te ins  appeared t o  o f f e r  a 



general account of how radia t ion  might af f e e t  t he  chromosomes, which 

were thought t o  cons is t  pr imari ly  of  protein.18 According t o  t he  

co l lo ida l  aggregate theory, pro te ins  were co l lo ids  held i n  suspension 

by e l e c t r i c  charges on t h e i r  surfaces.  Discharge of t h e  co l lo ida l  

p a r t i c l e s  would cause p rec ip i t a t i on .  Indeed, -rays from radium 

had been shown t o  cause t h e  p rec ip i t a t i on  of inorganic co l lo ids  

as  ea r ly  as 1 9 0 4 . ~ ~  X-rays apparently a l s o  caused t h e  p rec ip i t a t i on  

of organic co l lo ida l  pro te in  i n  causing t h e  formation of  ca t a rac t s  

i n  t h e  eye, an e f f e c t  t h a t  had been observed i n  laboratory animals 

as ea r ly  a s  1905.20 A French physician reviewed t h e  relevant  medical 

and b io logica l  l i t e r a t u r e  and drew t h e  s t raightforward conclusion 

before World War I : rad ia t ion  p rec ip i t a t ed  t h e  c o l l o i d a l  pro te ins  
. . . .  . 

. . 

.. 
' t h a t  made up ' the  chrdmosomes and thus a f fec ted  the  heredi ta ry-  . 

. . 

material.21 I n  some cases ,  t he  c e l l s  might be 'so damaged t h a t  they 

could not reproduce a t  all, thus r e su l t i ng  i n  t h e  destruct ion of 

t i s s u e  a f t e r  a la tency period t h a t  depended on t h e  l i fe-span of  

t h e  c e l l s .  22 With smaller doses, t he  p rec ip i t a t i on  of co l lo ida l  

pro te in  s t imulated c e l l  growth, leading t o  neoplasia.  

I n  addi t ion t o  i t s  l i n k s  t o  t h e  chromosome theory of heredi ty 

and t o  t he  co l lo ida l  aggregate theory of  pro te ins ,  t h i s  view of 

r ad i a t ion  e f f e c t s  had t h e  advantage of  being comprehensible from 

t h e  point  of view of  t he  phys ic i s t .  Ion iza t ion  was prec ise ly  t h e  

physical  process required t o  discharge t h e  co l lo ida l  pro te ins .  Not 

u n t i l  t he  e a r l y  1920s would t h e  "point-heat" theory provide a  

mathematical l i n k  between t h e  secondary cathode rays i n  Wilson's 



cloud-chamber photographs and b io logica l  e f f e c t s ,  but  on t h e  eve 

of World War I the re  already appeared t o  be a loose a r t i c u l a t i o n  

between t h e  phys i c i s t ' s  view of t h e  in t e rac t ion  of r ad i a t ion  with 

matter ,  a view he could adrhittedly not account' f o r  on t h e  e lec t ro-  

magnetic wave theory of X-rays,.and t h e  b io log i s t ' s  view of t h e  

in t e rac t ion  of rad ia t ion  with colloi'dal- ,proteins .  The science. of 

radiology appeared t o  be more uni f ied ,  and as we' s h a l l .  see  t h i s  

appearance would prove important. We s h a l l  a l s o ,  however, see 

t h a t  t h e  contr ibut ions of s c i e n t i f i c  radiology t o  medical radiology 

d id  not come through understanding of t h e  basic  mechanism of 

rad'iation e f f ec t s  , as one might expect. Although t h e  ",point-heat" 

theory would i n  t h e . 1 9 3 0 ~  prove of importance t o  t h e  study of 
. .  . : .  . s ,  . ' .  . 

g e n e t i c . e f f e c t s ,  t h i s  theory..was not t h e  bas i s  on which s c i e n t i f i c  
... , . .  

and medical radiology'were uni f ied  i n  t h e  1920s. 

The invention ju s t  before world War I of a high-vacuum, hot- 

cathode X-ray tube by W i l l i a m  David Coolidge would be a major f a c t o r  

i n  bringing about t h a t  post-War in tegra t ion  of s c i e n t i f i c  and 

medical radiology.23 A t  l e a s t  s ince  Rutherford's comment t h a t  t h e  

Coolidge tube was "a triumph of t h e  appl ica t ion  of t he  l a t e s t  

s c i e n t i f i c  knowledge and technique," it has been t r a d i t i o n a l  t o  

s t r e s s  the  s c i e n t i f i c  component of t h i s  invent ion,  and even t o  

suggest t h a t  it stemmed from a program of "pure ,lq as opposed t o  

"applied," research. Coolidge was an American who was working at 

t h e  newly foiinded General E l e c t r i c  Research Laboratory i n  Schenectady. 

With a bachelors degree from MIT i n  e l e c t r i c a l  e n g i n ~ ~ r i n g  and Q 

doctorate  from t h e  University of Leipzig i n  physics, Coolidge 



belonged t o  a growing group of  academically t r a i n e d  phys i c i s t s  

doing ' indus t r ia l ,  research,  and the  s c i e n t i f i c  component of h i s  

invent ion w& unquestionably s t rong  . Coolidge knew t h e  r e h t i o n s h i p  

between t h e  temperature of a fi lament and t h e  charge it emitted from 

the  work of the.  English phys ic i s t  0. W.. ~ i c h a r d s o n .  25 I rv ing  Langmuir, 

Coolidge ' s colleague a t  General E l e c t r i c ,  had worked with these  

"thermionic" currents  i n  high-vacuum tubes. 28 Tb evacuate h i s  

tubes,  Coolidge ,used .a so-called "moleculare' pump designed i n  1913 

by t h e  German  physicist'^. Gaede. This pump.worked on physical  

p r inc ip l e s  t h a t  had been discovered i n  t he  previous decade. 27 

Neither t h e  heated cathode nor t h e  high vacuum were e n t i r e l y  new 

t o  X-ray tube technology, bu t  t h e  combination was a unique one. 
. . 

, . . .  , 

' . .Co~lidge understood from ~angmui r ' s  work t h a t  t h e  r i s i d u a l  gas i n  .- . . .. 
. . . ... 

t h e  ordin& X-r& tub,e was t h e  source of i t s  rap id  var ia t ions  i n  :. ',. . 
hardness, and t h a t  a tube could operate  without t h i s  gas i f  a 

s u f f i c i e n t  flow of e lec t rons  could be generated from t h e  cathode. 

The s c i e n t i f i c  input was not ,  however, t h e  e n t i r e  s to ry  of t he  

Coolidge tube. Coolidge began h i s  research i n  t h e  mundane world 

of  product improvement by working on the  production of d u c t i l e  

tungsten f o r  use as a filament i n  e l e c t r i c  l i g h t  bulbs. With a 

melting point  of  33700 cent igrade,  tungsten was well-suited t o  t h i s  

use, but because i t ' w a s  hard and b r i t t l e  a t  ordinary temperatures 

it could not be e a s i l y  "worked," as  required i n  a mass production 

process. By mechanically manipulating tungsten at' temperatures 

wel l  below i t s  melting point  and removing very s m a l l  t r a c e s  of 

impur i t ies ,  Coolidge managed t o  produce f l e x i b l e  tungsten wire .28 



Having succeeded i n  making t h i s  r e f r a c t o r y  element workable, 

Coolidge looked fo r  o the r  appl ica t ions .  General E l e c t r i c  was a 

major producer of X-ray tubes.  Use of a l t e rna t ing  current  t rans-  

formers t o  produce high-voltage discharges had, a s  I have mentioned, 

increased the  amount of current  t h a t  could be passed through an 

X-ray tube. The anticathodes i n  use could not ,  however, endure 

the. heat generated by t h e  increased bombardment of  cathode rays.  
. . 

For t h i s  and o ther  reasons, t he  problem' of choosing a mater ia l  f o r  

the anticathode was a common subject  of discussion among.m,anufacturers 

around ,1910. *9 Ih h i s  1912 patent  appl ica t ion ,  Coolidge noted the  

use of duc t i l e  tungsten not only as  a filament i n  incandescent lamps, 

but a l so  as  a covering f o r  t h e  anticathodes of X-ray tubes.  '30 

This p a r t  of Coolidget s work .cannot - be described a s  '!pure" 
. 

. . 

research. Far from transforming. technology by t h e  applica' t ion of 

s c i en t i f i c .  p r inc ip l e s ,  Coolidge reported t h a t  h i s  work on d u c t i l e  

tungsten required 

... twenty t r a ined  research chemists, with a l a rge  body of 
a s s i s t a n t s ,  i n  t h e  research laboratory.  These men were of 
course given, from t h e  fac tory  organizat ion,  a l l  of t h e  
mechanical .and e l e c t r i c a l  assistanc.e they could use, :and 
were a s s i s t e d  i n  no small  measure by t h e  s t a f f  of . the 
incandescent lamp factory.  31 

The methods were e s s e n t i a l l y  t r i a l  and e r r o r ,  espec ia l ly  i n  t h e  

pu r i f i ca t ion  of .tungsten, and there.were i n  any case no fundamental 

pr inc ip les  of physics involved. There were even reasons t o  be l ieve ,  

as  Coolidge pointed ou t ,  t h a t  tungsten,  because of i t s  r e l a t i onsh ip  

t o  o ther  metals i n  t h e  periodic  t a b l e ,  would not become more duc t i l e  

wit11 f u  Lller. pwir . iea t lon .  ~ o o i i d ~ e ' s  success i n  producing d u c t i l e  



tungsten cannot, then,  be viewed so l e ly  as a s c i e n t i f i c  contr ibut ion 

t o  technology. When i n  1913 he used h i s  duc t i l e  tungsten a s  a 

hot cathode i n  a high-vacuum X-ray tube,  Coolidge was again 

responding t o  a commercial imperative, not a s c i e n t i f i c  one. 

Rapid var ia t ions  i n  hardness made it d i f f i c u l t  t o  use X-rays f o r  

e i t h e r  diagnostic o r  therapeut ic  purposes. A grea t  dea l '  of 

ingenuity had gone int.0 invent ing regula tors  t h a t  would automatically 

ad jus t  t he  gas pressure i n  t h e  tube,  and easy cont ro l  of X-ray 

quant i ty  and qua l i t y  had been a major s e l l i n g  point  f o r  General 

E lec t r i c . and  o ther  tube manufacturers. 

The Coolidge tube did have s ign i f i can t  advantages over e a r l i e r  

models when it came t o  cont ro l l ing  X-ray output.  Because cathode 
. .  . 

rays ( o r  a s  ~ o d l i d g e  sa id ,  e lec t rons  ) r a t h e r  'than ' ions of t he  gas 

i n  t h e  tube ca r r i ed  the',bulk.o.f t h e  cur ren t ,  t h e  quant i ty  of 

X-rays produced was more nearly proport ional  t o  t h e  cur ren t  through 

t h e  tube and t h e i r  qua l i t y  w a s  more nearly proport ional  t o  t h e  

voltage across  t h e  tube. These two parameters could be adjusted 

independently, with t he  current  depending on t h e  temperature of 

t h e  cathode. Easy regula t ion  of output ,  along with spectacular  

r e l i a b i l i t y  i n  continuous use, were t o  become major f ac to r s  i n  

t h e  rap id  adop$ion of  t h e  Coolidge tube i n  medical p rac t i ce .  Less 

obvious. t o  Coolidge i n  1913, but  j u s t  a s  important f o r  medical 

radiology i n  t he  next decade, were t h e  high voltages t h a t  could 

be used across a Coolidge tube.  Before World W a r  I ,  t h e  voltages 

i n  use were almost e n t i r e l y  i n  t h e  range of  20,000 t o  50,000 vo l t s .  

By t h e  end of the  W a r ,  up t o  200,000 vo l t s  were i n  use i n  a few 



c l i n i c s .  Higher voltages meant more penet ra t ing  X-rays. Medical 

p rac t i t i one r s  would double and t r i p l e  t h e  thickness of  t h e  aluminum 

f i l t e r s  they used, and they would then t u r n  t o  copper f i l t e r s .  

I n  the  phys i c i s t ' s  terms, t h e  wavelengths of  t he  X-rays ava i lab le  

decrease.d from a .minimum of around .4  angstrom t o  a minimum of 

around .04 angstrom. Medical radiology, and espec ia l ly  deep . . 

. . 

therapy, had a new and powerful t o o l  a t  i t s  disposal .  

Thus, on the  eve of World War I., X-ray technology, rad ia t ion  

biology and rad ia t ion  physics were able  t o  o f f e r  contr ibut ions 

t o  medical radiology. Before August 1914, however, these  .contributions 

were j u s t  beginning t o  be absorbed.. The f i r s t  repor t s  on the  

c l i n i c a l  use of Coolidge tubes had j u s t  appeared, secondary rays 
. . . .  . 

were occas5onally :being mentioned i n  the, medic+ rad io logica l  

l i t e r a t u r e ,  and ion iza t ion  was slowly :becoming a term.-more fami l ia r  

t o  physicians.  No major impact was ye t  detectable .  Coolidge 

tubes were only one of severa l  s o r t s  being t e s t ed ,  including the  

hot-cathode but low-vacuum L i l i en fe ld  tube. 32 The importance of 

secondary rays i n  X-ray protect ion and dosimetry was s t i l l  uncertain.  

KienbGck's s i l v e r  bromide paper and t h e  barium platinocyanide p a s t i l l e s  

were the  most commonly used c l i n i c a l  dosage devices,  with 

ion iza t ion  methods s t i l l  l im i t ed  t o  the  physics laboratory and 

t o  c l i n i c a l  work with radium. 

The War disrupted many profess iona l  i n s t i t u t i o n s ,  and it may 

seem plaus ib le  t o  suggest t h a t  it simply delayed inev i t ab l e  develop- 

ments. Thus P r i ce ' s  notion t h a t  war simply shi f ts  t he  exponential  

growth curves of a s c i . en t i f i c  f i e l d  might wel l  be t r u e  f o r  both 



s c i e n t i f i c  and medical radiology. 33 In t e rna t iona l  conferences 

of t h e  s c i e n t i f i c  r ad io log i s t s  (scheduled t o  be held i n  Vienna 

i n  1915) and of '  t he  medical r ad io log i s t s  (which would normally 

have been held i n  1916) were postponed.34 The German Rtintgen 

Society d id  not hold i t s  annual congress between 1914 and 1920. 

Journals  on both s ides  suf fered  delays i n  35 A 

leading French p r a c t i t i o n e r  completed a repor t  on the  radiotherapy 

of u t e r ine  fibromas t h a t  he had begun i n  1913 with a continuation 

published i n  1918; 36 B r i t i s h  r ad io log i s t s ,  who had been assured 

by t h e i r  government t h a t  X-ray tubes would not ''be considered as 

contraband i n  t h e  event of a war with a Continental Power" because 

they llwo+d be used f o r  t he  r e l i e f  of t h e  wounded," . . .. found them-,, 
. . :. .. ' . ,; . '  , . 

. . 
I . .  . . 

,.. selves cut  o f f  from e s s e n t i a l  German supplierg of b o t h ' t h e  tubes 

and the  g l a s s  used i n  ' t h e i r  manufacture. 37 The.'Prussian Ministry 

of War i n  1915 prohibi ted the  export of medical journals ,  even t o  

Neutral Powers. 38 Even informal communications between t h e  ~ e r m a n  

medical rad io logica l  community and non-German counterparts  were 

disrupted,  and it was not u n t i l  t he  ea r ly  1920s, a s  we s h a l l  s ee  

i n  Chapter 6, t h a t  communication was re-established. The War, i n  

sho r t ,  red i rec ted  resources and personnel,  l imi ted  suppl ies  of 

equipment, and cut professional  communities o f f  from t h e i r  colleagues 

i n  o ther  countr ies .  

The disrupt ions a f fec ted  medical research work with X-rays and 

with radium d i f f e ren t ly ,  and the  ne t  r e s u l t s  var ied markedly from 

country t o  country. I n  t h e  sho r t  term, radium research work suffered 

more. than X-ray research work, though a s  we s h a l l  see  t h e  long-term 



e f f e c t  was highly favorable t o  expanding t h e  use of radium i n  

medicine. I n  France, where work with radium had been r e l a t i v e l y  

more important than i n  o ther  count r ies ,  research was ser ious ly  

disrupted.  The volume of ' the  medical. rad io logica l  l i t e r a t u r e  f e l l  

dramaticaily,  and a l a rge  port ion of t h e  papers published were 

devoted t o  l oca l i za t ion  of b u l l e t s  and shrapnel by X-rays and 

o ther  -cork d i r e c t l y  r e l a t e d  tab t he  War.39 I n  England, medical 

rad io logica l  research 'and, f o r  reasons. I s h a l l  mention below, 

t he  number of o r ig ina l  contr ibut ions t o  t h e  Archives of Radiology 

-and Electrotheraov,inCtiased dramatically between 1914 and 1917.'0 

There was, however, a severe shortage of X-ray tubes i n  Br5tain 

t h a t  hampered research 'work. Ogly four  small B r i t i s h  firms .were 
. . . . .. . 

making tubes i n  .1914, ,and a l l  of t.hem depended on g l a s s  impoi-ted . ' . . : 
. .. 

. . 
from ~ k r m & n ~ . ~ l .  About .ha l f  t he  *re-war tubes used i n  ~ n g l h d  ' ' . 

* 

were manufactured abroad, mostly i n  Germany, and p a r t  of t h e  

remaining ha l f  was manufactured by German firms i n  England. 4 2 

The German medical X-ray community, which f o r  most p r a c t i c a l  

purposes included t h e  German-speaking medical r ad io log i s t s  of 

Austria-Hungary, was t h e  l a r g e s t  i n  t h e  world before t h e  War, and 

it was a l s o  considered by non-Germans t o  be the  most advanced. 4 3 

Dependent almost e n t i r e l y  on domestic manufacture, with a l a rge  

p a r t  of t he  market dominated by subs id i a r i e s  of l a r g e  e l e c t r i c a l  

firms, German research thr ived  without t h e  Rbntgen Society congresses. 

Only a f t e r  the  War, i n  t he  midst of p o l i t i c a l  and economic upheavals, 

was the re  a not iceable  e f f e c t  on t h e  volume of t h e  medical radinlngir~l 



l i t e r a t u r e ,  and even then t h e  e f f e c t  was s l igh t .44  Research i n  

t h e  United S t a t e s  continued a t  something l i k e  i t s  pre-War l e v e l ,  

with American radium and X-ray equipment manufacturers f i l l i n g  
. . 

t he  gap, l e f t  by t h e  Germans. I n  addi t ion, .  t he re  w a s  a s t r i k i n g  

r i s e  i n  t h e  qua l i t y  of work done i n  t h e  United S ta t e s ,  so t h a t  by 

the  e a r l y  1920s what had been a provinc ia l  c o m i t y  t h a t  reacted 

t o  European developments was increasingly contr ibut ing t o  major 

advances i n  both X-ray technology and medical appl ica t ions .  

Delay of i nev i t ab l e  developments was not ,  then,  t h e  only, o r  

even t h e  primary e f f e c t  of t he  War on medical rad io logica l  research. 

We would miss ' severa l  e f f e c t s  of major importance i f  we looked only 

a t  t h e  s h i f t  i n  P r i ce ' s  exponential  growth curves. . Looking beyond 

r'esearch t o  . the impact of t he  War i n  mkdicai' rad io logica l  p rac t i ce  
. . 

and on the  s o c i a l  i n s t i t u t i o n s  t h a t  supported it,  the re  were other  

important changes. While medical radiology was su f f e r ing  i n  some 

respec ts  t h e  inev i t ab l e  d is rupt ion  of c i v i l i a n  a c t i v i t i e s  i n  w a r -  

time economies, t he  profession was a l so  bene f i t t i ng  enormously from 

the  rechanneling of resources t o  meet mi l i t a ry  needs. X-rays had 

proved t h e i r  usefulness i n  mi l i t a ry  medicine even before 1900. 

Used primari ly  t o  l oca t e  b u l l e t s  and shrapnel,  X-ray machines had 

seen serv ice  i n  t h e  B r i t i s h  army's 1897 Sudan expedition, i n  t he  

Graeco-Turkish War of t h e  same year ,  i n  t h e  Spanish-American War, 

and i n  t h e  Boer War. Meeting mi l i t a ry  demands f o r  mobili ty and 

r e l i a b i l i t y  had ca l l ed  f o r  innovations i n  basic  equipment, s impl i f ied  

and acce lera ted  techniques, and in tens ive  t r a i n i n g  of both physicians 

and n 0 n ~ h ~ s i c i a n s . ~ 5  In  a l l  these  respec ts ,  t h e  demands of World 



War I f a r  exceeded those of t he  previous campaigns i n  which X-rays 

had been used. The vas t  armies of t h e  Al l i e s  and t h e  Central  

Powers by t h e  end of the  War included among t h e i r  support operations 

thousands of diagnost ic  X-ray i n s t a l l a t i o n s .  

The most important d i r e c t  e f f e c t  on medical radiology was 

t h e  demand f o r  personnel t o  s t a f f  these  un i t s .  I n  1914, t h e  French 

Army h a d ' l e s s  than two dozen X-ray i n s t a l l a t i o n s .  By 1918, it 

had 400. S t a f f ing  these  i n s t a l l a t i o n s  were 840 physicians and . 

almost 1200 nonphysician operators ,  including 175 women t r a ined  by 

Marie Curie.46 The United S ta t e s  A m ,  which before t h e  War had. 

only f i v e  mobile X-ray un i t s  mounted on four-mule escor t  wagons, 

s en t  more than 700 i n s t a l l a t i o n s ,  many of them automobile-mounted, 

t d  ~ u r k ~ e  'before t he  ~ r m i s t i c e . . ~ ~  I n  t h e  second ha l f  o f  1917; 
. . . . '  . . . . . . .  . . 

Army school$ . i n  ~ o s t o n  ,. N ~ W '  ~ o r k ,  Phi ladelphia ,  ' ~ i t t s b u r g h ,  

Baltimore, Richmond, Chicago, Kansas City and Los Angeles t r a ined  

200 physicians i n  X-ray diagnosis.  Radiology was second only t o  

surgely i n  g e t t i n g  t h e  pick of t h e  physicdans ava i lab le  t o  the  

United S ta t e s  Army.48 I n  Br i t a in ,  t he re  was a l s o  extensive t r a i n i n g  

of physicians and nonphysicians f o r  t h e  Army. One. est imate placed , 

t h e  number of X-ray operators  i n  1916 a t  s i x  times the  pre-War l e v e l ,  

and i t  was presumably t h i s  increase t h a t  l e d  t o  t h e  increased number 

of o r i g i n a l  contr ibut ions t o  t h e  ~ r c h i v e s . ~ g  Despite the d is rupt ions  

of War, medical radiology grew a s  it had never grown before.  

This g rea t ly  enlarged profession had t o  be supplied with X-ray 

tubes,  high-voltage generators ,  p ro tec t ive  devices,  and o ther  

aux i l i a ry  equipment. Before 1914 X-ray tubes had been hand-blown, 



. . 

but by 1918, they were being mass-produced'.50 However new and un- 

t r ied. ,  Coolidge tubes were s o  much more regular  i n  t h e i r  output 

and r e l i a b l e  i n  t h e i r  operat ion t h a t  they were g rea t ly  

f o r  use 'under mi l i t a ry  conditions.  Coolidge himself designed an 

automobile-mounted model f o r  t h e  United S t a t e s  Army. 5 l ,  By t he  
' 

end of the  War, Coolidge tubes were common i n  both t h e  uni ted  

S ta t e s  and i n  Germany. .They seem t o  have 'come i d t o  use more slowly 

i n  France and ~ n ~ i a n d . ~ ~  Even cu t  o f f  from a l a rge  port ion of 

t h e i r  export market, German manufacturers of X-ray tubes appear 

t o  have done espec ia l ly  wel l  during the  War. The f i rm of Siemens 

and Halske, which had patented t h e  tungsten anticathode before t h e  

invention of  t he  Coolidge tube, arranged with AEG, the  German f i rm 
. . 

. . . . .  . 

. . . . . . : l i censed  t o  prbduce Coolidge tubes ' b i  ~ e n e r h  E l e c t r i c ,  t o  exchange ' 

. . . .  . . . . 5 '  

- .  

r i g h t s  and t o  produce the  high-vacuum, hot-cathode tube ~ o i ' n t l ~ .  .'. . , 

Siemens and Halske, which had previously assigned X-ray tubes and 

o the r  medical e l e c t r i c a l  equipment t o  i t s  Division f o r  Measuring 

Instruments,  es tab l i shed  a separate  Sales  Division f o r  Electro- 

medical Apparatus. I n  1916, t h e  firm of Reiniger,  Gebbert and Schal l  

acquired cont ro l  of Veifawerke by buying t h e  shares of  Fr iedr ich  

Dessauer, one of t he  pioneer tube m a n ~ f a c t u r e r s . 5 ~  A t  about t h e  

same time, Reiniger,  Gebbert and Schal l ,  which two decades e a r l i e r  

had .provided Rantgen with h i s  Ruhmkorff c o i l ,  brought Christen from 

h i s  un ivers i ty  post  in 'Bern t o  l ead  an enlarged research un i t  at 

The War a l so  increased the  demand f o r  radium. Medical use 

w a s  not t h e  major f ac to r ,  though a f t e r  t h e  War medicine benef i t ted  
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from t h e  increased supply. During the  War, radium was needed 

I primari ly  i n  self-luminescent pa in t s ,  which were used f o r  gun- 

s igh t s  and d i a l s  ( e spec i a l ly  i n  a i rp l anes )  and a l s o  f o r  warning 

s igns  on t h e  backs of  mi l i t a ry  vehicles .  Dial-painting, a s  I s h a l l  

I ,  have. occasion t o  mention, was t o  cause a major incident  i n  t he  . 

I h i s to ry  of  r ad i a t ion  i n j u r i e s .  I n  addi t ion ,  radium recovered from 

I gunsights and d i a l s  vas d i s t r i bu ted  t o  B r i t i s h  hosp i t a l s  f o r  thera-  
. . 

. - peut ic  t r i . a l s  a f t e r  t h e  The uni t& S ta t e s  was a l s o  successful  

I i n  increasipg i t s  s~upplies  of radium, and by t h e  end of t h e  War 
. . .  

it had more than any o ther  country: a t o t a l  of about 50 grams. 5 6 

With t h e  rap id  increases  i n  personnel and equipment came a 

need f o r  cont ro l l ing  qua l i t y  and s tandardizing procedures. . Qual i ty  
. . . . 

con t ro l  of m i l i t a r y  purchases f e l l  i n  part t o  na t iona l  :standards 
. . 

l abora tor ies .  The .German Royal .-Physical-Technical -Inst i t u t e '  a t  

Charlottenburg, the  B r i t i s h  National Physical Laboratory, and the  

'United S t a t e s  Bureau of Standards were t o  be espec2ally important 

I f o r  rad ia t ion  pro tec t ion  and measurement. Created a s  a r e s u l t  

I of nineteenth-century increases  i n  t r a d e  and manufacturing, these,  

I l abo ra to r i e s  were responsible f o r  maintaining reference standards 

l and compar%ng them with commerical standards o r  products. Much of 

t h i s  work was rout ine .  The National Physical Laboratory i n  t h e  

ea r ly  years t e s t e d  a l a rge  number of  c1inice;l thermometers. 57 

Before t h e  War, the  standards l abo ra to r i e s  had played only per iphera l  

r o l e s  i n  rad ia t ion  work. They acted a s  deposi tor ies  f o r  radium 

standards,  but  they had played l i t t l e  o r  no r o l e  i n  t h e i r  development. 

The standards l abo ra to r i e s  .had, however, one important fea ture  t h a t  



repeatedly l e d  them beyond rout ine  t e s t i n g  a c t i v i t i e s :  they used 

academically t r a ined  s c i e n t i s t s  t o  work on technological  problems, 

a p rac t i ce  t h a t  was s t i l l  very new i n  industry.  During t h e  War, 

the  na t iona l  standards l abo ra to r i e s  were ca l l ed  on t o  t e s t  X-ray 

equipment, devices and self-luminescent pa in t s  .58 

Af ter  t he  War, t h e  s t a f f  were turned i n  p a r t  t o  work on rad ia t ion  

pro tec t ion  and measurement. Phys ic i s t s  i n t e r e s t e d  i n  these  problems 

thus gained a much s t ronger  i n s t i t u t i o n a l  bas i s  than they had had 

before,  and medical radiolorn was provided with a l e v e l  of exper t i se  

t h a t  had not been so readi ly  ava i lab le  t o  it previously. 

I n  addi t idn  t o  qua l i t y  cont ro l  of equipment, t he re  were problems 

i n  cont ro l l ing  . . .  t he  qua l i t y  of t h e  procedures used i n  mi l i t a ry  
. . * . .  . . 

radiology.,' Qnd espec ia l ly  i n  ensuring t h a t  t h e  .newly t r a i n e d  . . 

... . 
' I  

operators  'were adquately .protected.  C iv i l i an  rad io logica l  practi'ce' . ' ' 

might permit wide var ia t ions  i n  c l i n i c a l  technique, but mi l i ta ry  

s o c i a l  b e h a ~ o r  required s tandardizat ion,  espec ia l ly  when hundreds 

of new X-ray operators  had t o  be t r a ined  and sent  immediately i n t o  , 

t h e  f i e l d .  The s ing le  most successful  e f f o r t  i n  t h i s  regard was 

t h e  United S t a t e s  Arqy X-ray Manual, which was prepared by a Cornell  

physics professor.59 Without being innovative, it gave considerable 

weight t o  both protect ion and measurement techniques. The B r i t i s h  

Rijntgen Society,  following t h e  pre-War l ead  of i t s  German counterpart ,  

prepared "Recommendations f o r  t h e  Protect ion of X-ray Operators. t i  60 

The War Office was sen t  250 copies f o r  d i s t r i bu t ion  t o  m i l i t a r y  

hospi ta l s .61  The 2 mil l imeters  of l ead  pro tec t ion  t h a t  t h e  Germans 

had decided on i n  1913 was included i n  t h e  o r i g i n a l  B r i t i s h  d r a f t ,  

but  it was eliminated i n  t h e  f i n a l  version.62 The B r i t i s h  recommendationP 



emphasized enclosing both t h e  tube and t h e  operator  i n  pro tec t ive  

boxes, but unl ike t h e  U. S. A r q  manual they f a i l e d  t o  recommend 

dosage measui-ements (beyond the  use of a penetrometer t o  t e s t  

hardness ) . 
The War, then,  strengthened the  medical rad io logica l  community 

i n  a number of  ways: t he  body of p rac t i t i one r s  was enlarged, t h e  

capaci ty t o  produce both X-ray tubes and radium was increased, t he  . 

nat iona l  standards labora tor ies  became involved, and pro tec t ion  

procedures were .standardized. In  addi t ion t o  these i n s t i t u t i o n a l  

impacts, t h e  War a l s o  a f f ec t ed  t h e  career  pa t te rns  of ind iv idua ls .  

Many physicians entered radiology who.would not otherwise have 

.done so. The s t a t u s  of t h e  profession within medicine rose,  and 
. . . . .  . . .  . 

t h e  f i r s t  e f f o r t s  a t  making radiology a separa te  spec i a l ty  requi r ing  . 

post-gradhate t r a i n i n g  began during t h e  ~ a r . ~ ~  The War. a l so  brought . . . 
t o  medical radiology an in f lux  of academically t r a ined  phys i c i s t s  

beyond those i n  t h e  na t iona l  standards labora tor ies .  Most famous 

of  these  was e r i e  Curie, who deposited her  radium with the  physician 

Bergonig i n  Bordeaux a t  t he  beginning of t he  War and devoted he r se l f  

and her  daughter, t he  fu ture  Nobelist I rene ,  t o  medical X-ray work 

f o r  the  duration. Marie and I rene  Curie i n i t i a l l y  went i n t o  the  

f i e l d  as  radiographers,  but they l a t e r  returned t o . P a r i s  t o  t r a i n  

6 4 women a s  X-ray operators .  

More important than the  Curies f o r  l a t e r  developments i n  medical 

radiology were a number of German phys ic i s t s  whb turned ' t o  research 

i n  medical radiology during the  warS65 Walter Fr iedr ich ,  whg had 

performed t h e  d i f f r ac t ion  experiments with Knipping In  1912, went 



during the  W a r  t o  t h e  University of Freiburg, where he col laborated 

with t h e  gynecologist Bernhard Kriinig on research t h a t  w a s  c r i t i c a l .  

t o  t he  development of deep therapy. I n  1923, Fr iedr ich ,  a s  Ordinarius 

f o r  medical physics and s c i e n t i f i c  radiology, founded t h e  I n s t i t u t e .  

f o r  Radiation Research a t  Berl in ,  where he remained f o r  t h e  r e s t  

of h i s  long career.66 A t  Freiburg, Fr iedr ich  t r a ined  t h e  phys ic i s t  

Otto Glasser,  who emigrated t o  the  United S t a t e s  i n  t h e  ea r ly  1920s 

and i n  1924 s e t t l e d  at t h e  Cleveland Cl in ic  Foundation. ' Leonard Grebe, 

an experimental phys ic i s t  who had f a i l e d  t o  obtain a professorship 

a f t e r  h a b i l i t a t i n g  a t  Bonn i n  1910, began working i n  medical 

radiology sho r t ly  a f t e r  t h e  W a r  with Heinrich Martius, a younger 

Privatdozent.  They both made .s.uccessful careers  i n  medical .radio- . 

l b g i c a l  research. Richard Gldcker, wlio ,had been a s'tuddnt of 

Riintgen's a t  Munich with Fr iedr ich ,  began working on r ad ia t ion  ' 

dosimetry during t h e  War, as d id  Gustav Grossmann, who had obtained 

a doctorate  from t h e  Ziirich Polytechnique i n  1903 and who l a t e r  made 

a career  i n  t he  X-ray industry.  Hermann Behnken, who had received 

h i s  doctorate i n  physics a t  Berl in  i n  1913, was by t h e  end of t he  

War, i n  charge of  X-ray work a t  t h e  Royal Physical-Technical 1 n s t i t u t e . ~ 7  

The prec ise  reasons for. . these s h i f t s  of i n t e r e s t  among German 

phys i c i s t s  a r e  obscure, and lacking documentary evidence I can only 

o f f e r  speculation. I n  p a r t ,  thk phys i c i s t s  may have wanted t o  

cont r ibu te  toward work t h a t  they saw a s  bene f i c i a l  t o  t h e  War 

e f f o r t .  This was an important p a r t  of Curie 's  motives. The 

German phys ic i s t s  with whom we a r e  concerned d id  not ,  however, go 

i n t o  t h e  f i e l d ,  a s  she did. Their motives may have been l e s s  



p a t r i o t i c  and more personal.  Even before t h e  War, t he re  had been 

. signs of worsening career  prospects f o r  academic phys ic i s t s .  

Despite subs t an t i a l  increases  i n  t h e  resources ava i lab le  t o  t he  

academic physics community a s  a whole, t h e  age a t  which phys i c i s t s  

entered the i , r  f i r s t  professorship i n  t h e  decade before 1910 had' 

r i s e n  throughout ,Europe compared t o  t h e  1880s. A s ign i f i can t  

percentage of t h e  German phys i c i s t s  who h a b i l i t a t e d  between 1890 

and 1910 had never received a professorship.  69 The War. probably 

s g r a v a t e d  t h i s  pre-exis t ing condition. With research funds and 

academic posts  i n  sho r t  supply, recent  doctoral  r ec ip i en t s  and 

Privatdozenten found themselves unable t o  cont inue . the  r e l a t i v e l y  

bas ic  research i n  which they had been t ra ined .  A des i r e  t o . s t a y  
. , 

,out of t he  'army may also' have been ,a  f ac to r .  Whatever t h e i r  . ,  
. . 

. . ' i r idivi-dual motives, Fr iedr ich ,  Glasser,  Glocker, Grebe, Martius; 

Grossmann, and Behnken were only a few of the  German phys i c i s t s  

whose careers  took tu rns  toward more p r a c t i c a l  work during the  War. 

Not o,nly medical radiology, bu t  a l so  f i e l d s  l i k e  metallurgy, chemical 

and e l e c t r i c a l  engineering, shipbui lding,  and a i rp lane  design 

.benef i t ted  from increased i n t e r e s t  among academically t r a ined  

phys ic i s t s  and chemists. For German phys ics t s ,  t h e  founding of t he  

Society,  and Journal ,  f o r  Technical Physics i n  1920 i n s t i t u t i o n a l i z e d  

these  new i n t e r e s t s .  70 By 1924, t h e  Society f o r  Technical Physics 

had 1600 members. 71 The phys ic i s t s  who entered medical radiology 

d id  not play a major r o l e  i n  t h e  new Journal  and Society,  p refer r ing  

t o  p a r t i c i p a t e  I n  t h e  German R6ntgen Society (which continued t o  

permit pa r t i c ipa t ion  by nonphysici ans ) and t o  publish pr imari ly  i n  



t he  medical rad io logica l  journals.  The i n f l u x  of phys ic i s t s  i n t o  

medical radiology should, however, be viewed as  p a r a l l e l  t o  a broader 

movement among German phys i c i s t s  and German s c i e n t i s t s  i n  general.  

I n  addi t ion t o  t h e  flow from physics i n t o  medical radiology, 

t he re  was a small, but  highly s i g n i f i c a n t ,  flow i n  the  o ther  d i r ec t ion ,  

from' medical radiology i n t o  physics. Fr iedr ich  ~ e s s a u e r ' ,  t he  

manufacturer of X-ray tubes who had been inirolved i n  medical radiology 

f o r  over a .decade,  s o l d . h i s  i n t e r e s t  i n  Veifawerke, r e t i r e d  from 

industry,  and obtained a doctorate i n  physics from t h e  University 

of Franfurt  i n  1917 a t  t h e  age of t h i r ty - s ix .  In 1922, Dessauer 

became d i r ec to r  of t h e  newly founded I n s t i t u t e  f o r  t he  Physical  

Foundations of Medicine a t  Frankfurt ,  where both phys ic i s t s  and 
. . . . 

. , 
b io log i s t s  found f a c i l i t i e s  f o r  research. There 'were a l s o  two . 

' 

. . - .  
physidians who obtaiieyd advanced t r a i n i n g  i n  physics.  Hgrmann 

Holthusen, who even before t he  War had s tudied  with Phi l ipp.Lenard 

a t  Heidelberg, h a b i l i t a t e d  the re  i n  1918. He then began a research 

career  i n  medical radiology t h a t  r e l i e d  heavi ly on both use of t he  

physician 's  laboratory t o o l s  and competence i n  contemporary physical  

theory. T2 Another young physician, Hermann Wintz , began h i s  work 

i n  medical radiology a t  Erlangen during t h e  War i n  col laborat ion 

with Ludwig S e i t z ,  Ordinarius and d i r ec to r  of t h e  University Women's 

Hospi tal ,  and with ass i s tance  from t h e  f i rm of Reiniger,  Gebbert 

and Schal l .  I n  1920, Wintz obtained a doctorate  i n  physics from 

t h e  University of Erlangen, and when Se i t z  went t o  Frankfurt  i n  

t h e  same year  Wintz succeeded t o  h i s  pos ts ,  becoming a t  age t h i r t y -  

t h ree  t h e  youngest Ordinarius i n  gynecology i n  t h e  country.73 



Theophil 'Christen, t h e  physician with a 'doctorate i n  mathematics 

I who worked f o r  Reiniger,  Gebbert and Schal l  during the  War, would 

probably have proved another important cont r ibu tor  t o  l a t e r  develop- 

ments, but he comniitted su ic ide  i n  1920 a f t e r  an unsuccessful 

e l e c t o r a l  campaign a s  a Socia l  Democratic candidate f o r  t h e  Swiss 

National Council. 

Dessauer., Holthusen, Wintz and Chris ten,  along with t h e  phys i c i s t s  

-who were or ien t ing  - t h e i r  research towards medical radiology, 

belonged t o  a.small but growingvgroup of German research workers 

who would be d i f f i c u l t  t o  class ' ify as  belonging exclusively t o  

I e i t h e r  t he  s c i e n t i f i c  o r  t he  medical rad io logica l  communities. 

I From t h e i r  e f f o r t s  during and a f t e r  t he  War t o  apply contemporary 
. . . . 

physics t o  medical radf ologic&l prdbl,ems would develop a new 'style ; 
of deep therapy, a much more thorough understanding of r ad i a t ion  

I dos'imetry, and a physical  theory of rad ia t ion  e f f e c t s ,  a l l  of 
I 

,which I s h a l l  describe i n  Chapter 5.  
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Chapter 5 : ,X-ray Measurements and Radium Protect ion,  1914-24 

In  t h e  question of p r a c t i c a l  dosimetry the  phys i c i s t  has f o r  
t h e  present given t h e  word; here it i s  the  duty of  t h e  
c l i n i c i a n  t o  car ry  the  work f u r t h e r  on t h e  ava i lab le  bas i s .  

--W. F r iedr ich  ( ~ h .  D. ) and 0. A. Glasser ( ~ h .  D. ), 1922l 

The question of  radium pro tec t ion  i s  now i n  t h e  midst of  
development, and comparable t o  t he  s t a t e  i n  which t h e  question 
of X-ray protect ion was f i f t e e n  years ago. 

Two cont ras t s  between medical work with X-rays and with radium 

t h a t  I have highl ighted i n  previous chapters would fade during World 

War I and i n  t h e  ea r ly  1920s. F i r s t ,  ion iza t ion  measurements would 

. become widely recognized a s .  desi.rable i n  X-ray c l i n i c s ,  thus c los ing  ' .  

. . . . 

,. . 
. t h e  gap between c l i n i c a l  measurements of  X-rays and radium., ,Second, 

radium protect ion,  which had been of l i t t l e  professional  concern " 

before t h e  War, would grow suddenly i n  importance a f t e r  t h e  War and 

would become, l i k e  X-ray pro tec t ion ,  t he  subject  of spec i a l  s tud ie s  

and recommendations. 

The f i r s t .  o f  these developments, which took place i n i t i a l l y  

i n  Germany among t h e  small group of research workers I described i n  

Chapter 4 ,  w i l l  r a i s e  once again t h e  i ssue  of  t h e  r e l a t i onsh ip  between 

p r a c t i c a l  concerns i n  medical radiology and contemp.orary s c i e n t i f i c  

knowledge. It would be reasonable t o  suppose t h a t  t h e  s h i f t  t o  

ion iza t ion  measurements was based on t h e o r e t i c a l  understanding of 

t h e  mechanisms underlying the  b io log ica l ,  e f f e c t s  of r ad i a t ion .  I 

have discussed i n  chapter  4 t he  ea r ly  development of  .an ion iza t ion  

theory of rad ia t ion  e f f ec t s  and I s h a l l  continue t h a t  discussion 

below. As -it turned ou t ,  however, even within the  small group of 



research workers d i r e c t l y  involved the re  would be no agreement 

before 1925 on t h e  physical  and chemical mechanisms of rad ia t ion  

e f f ec t s .  ' Instead,  the  reason f o r  t h e ' s h i f t  t o  ion iza t ion  measurements 

i n  c l i n i c a l  X-ray work would be t h e  p r a c t i c a l  requirements of a  new 

s t y l e  of deep therapy. Despite many advances, s c i e n t i f i c  theory 

s t i l l  f a i l e d  t o  o f f e r  a f i rm bas i s  f o r  medical prac t ice .  

The second development with which we shal.1 'be concerned i n  t h i s  

chapter ,  t he  development of radium pro tec t ion ,  w i l l  r a i s e  again t h e  

i s sue  of t h e  re la t ionship  between professional  "self-regulation" and 

public pressure.  Outside Germany, the  r i s k s  of  radium exposure would 

become a subject  of concern i n  t he  ea r ly  1920s. As with t h e  previous 

development of X-ray pro tec t ion ,  radium protect ion would, as  we s h a l l  
. ' .  <. _. . . . . . . . . . . .. . . '  " 

s e e j  'be a  professional ,  response t o  publ ic  o u t c r y , ' t h i s  time expressed 
*. , . . 

. . 
primari ly  i n  t he  newspapers . ra ther  t han  i n  . the courts .  

I n  t r ac ing  t h e  development o f  ion iza t ion  measurements f o r  c l i n i c a l  

X-ray work, we must f i r s t  r e tu rn  t o  developments i n  deep therapy 

with X-rays where we l e f t  them i n  Chapter 3.  Deep the rap i s t s  a t  

Freiburg had, as I mentioned the re ,  reported de l iver ing  very high 

doses t o  t h e  sk in  without causing harm. The doses had been measured 

with KienbGckls s i l v e r  bromide s t r i p s .  The Freiburg claims were 

greeted with d i sbe l i e f  a t  o ther  c l i n i c s ,  where much lower doses had 

of ten.been observed t o  cause severe sk in  react ions.  The p r a c t i c a l  

problem of comparing the  Freiburg r e s u l t s  with r e s u l t s  i n  o ther  

gynecological c l i n i c s  insp i red  i n  t he  German medical rad io logica l  

community a p r a c t i c a l  proposal: t o  compare t h e  most commonly used 



dosimeters and t o  draw up t ab l e s  t h a t  would enable t h e i r  readings 

t o  be interconverted. Responding t o  an appeal by i t s  Pres ident ,  

t h e  German R6ntgen Society es tab l i shed  a new subsidiary group, t h e  

Spec ia l  Commission f o r  Comparison of ~ o s i m e t e r s . ~  Despite t he  War 

and t h e  suspension of  t h e  Rbntgen Society congresses, t h e  Commission 

remained nominally ac t ive  u n t i l  1918, with nine of i t s  s ix teen  

members ind ica t ing  t h a t  they could pa r t i c ipa t e .4  The most important 

conclusion of  t he  Special  Commission was reached, however, i n  1915, 

a f t e r  e ight  of t he  members had r ep l i ed  t o  a request f o r  suggestions 

as t o  how t o  proceed. Their views on t h e  heterogeneity of t he  X-rays 

i n  use and on the  usefulness of  t h e  ava i lab le  c l i n i c a l  dosimeters i n  

canparing qLiantities of X-rays .of d i f f e r e n t  q u a l i t i e s .  var ied  wisely; . . 

Guido ~ o i z k n e c h t ,  who had introduced the  ."chr~~moradiome.terl' more than 
. . . . . .  . 

a decade e a r l i e r ,  reported i n  h i s  capaci ty as  Chairman of  t h e  

Commission: 

The simple comparison of  t h e  dosimeters was expressly o r  
imp l i c i t l y  character ized by most of t h e  committee members a s  
impossible. It is  therefore  necessary t h a t ,  f i r s t  o f  a l l ,  
some s o r t  of exact measurement procedure;be created,  and t h a t  
would be a very complicated laboratory t a sk  .... For t h i s ,  a l l  
those who have done and can do physics and mathematics should 
be ca l l ed  upon. 5 

Many i n t e r e s t i n g  papers were published a s  Proceedings of t h e  Commission, 

but  i t s  name was changed t o  t he  Spec ia l  Committee f o r  Rbntgen Ray 

Measurement and i t s  i n i t i a l  purpose remained u n f u l f i l l e d e 6  A s imi l a r  

B r i t i s h  group, created by the  Rbntgen Society,  a l so  f a i l e d  i n  1915 

t o  come t o  d e f i n i t i v e  recommendations on X-ray measurements, and i n  

France it was concluded t h a t  t h e  -,=.oblem was "too complex f o r  t he  

construction of measuring instruments giving prec ise  readings t h a t  

were always intercomparable. !l7 



Within Germany, t h e  response t o  Holzknecht's c a l l  f o r  "all those 

who have done &d can do physics and mathematics" was more immediate 

than it would have been i n  peacetime. Already i n  1914 t h e  phys ic i s t  

. Gustav Grossmaim had pointed out t o  t he  medical rad io logica l  community 

t h a t  t he  s i l v e r  bromide i n  Kienb6ck1s quantimeter was not s u i t a b l e  

f o r  measurements of  X-ray quant i ty  over a wide range of q u a l i t i e s  

because s i l v e r  had a s e l e c t i v e  absorption edge within t h e  range of 

X-ray wavelengths used f o r  deep therapy. Se lec t ive  absorption would 

cause the  Kienbbck s t r i p s  t o  darken more rap id ly  a t  some wavelengths 

than a t  o thers ,  leading t o  dosage readings t h a t  were much higher than 

the  doses ac tua l ly  del ivered t o  t h e  t i s s u e  being i r r ad i a t ed .  Barium 

. . and platinum, cons t i tuents  of t h e  widely .used Sabouraud-Noire'. and 
. . . . . . . .  

. . . . 
. . 

Bordier p a s t i l l e s ,  were a l s o  known t o  .have select. ive absorption edges, . 
.. .. . . 

. . - . 

but f o r  the  moment they l a y  beyond the  range of X-ray wavelengths 

commonly used f o r  therapy, a t  voltages above 50,000. Outside areas  

of s e l ec t ive  absorption, t h e  absorption coe f f i c i en t s  f o r  a l l  mater ials  

were p a r a l l e l  as  hardness changed, so  Grossmann suggested t h a t  t he  

i d e a l  dosimeter was one t h a t  had an atomic weight l e s s  than aluminum, 

the  l i g h t e s t  element i n  which s e l e c t i v e  absorption had been observed. 

The obvious choice f o r  t he  " t e s t  body" was a i r ,  and t h e  obvious method 

t o  a phys ic i s t  was t h e  fami l ia r  technique of  measuring the  sa tu ra t ion  

current  due t o  ion iza t ion .  8 

The medical rad io logica l  community was not won over immediately. 

Grossmannls work seemed " theore t ica l , "  and t h e  question of t h e  so-called 

" s i l ve r  e r ror"  was regarded as  unsolved.9 A t  t he  same time, t h e  

Freiburg gynecologists who had been repor t ing  extremely high doses 



on t h e  bas i s  of t h e i r  measurements with KienbSck's s t r i p s  could not 

a f fo rd  t o  ignore Grossmann's suggestions about the  s e l e c t i v e  absorption 

of s i l v e r .  One of them, Bernhard KrSnig, brought Walter Fr iedr ich ,  

t h e  Munich phys ic i s t  who had worked with Lane and Knipping, t o  

Freiburg t o  work on t h e  dosimetry problem as well  as on t h e  problem 

of  determining t h e  b io logica l  effect iveness  0f.X-rays of d i f f e r en t  

qua l i ty .  I n  1918, KrGnig and Friedrich published an extensive s e r i e s  

of experiments undertaken i n  1915 and 1916 a t  t h e  'Women's Hospi tal  

10 
using a Coolidge tube. These experiments confirmed Grossmann's 

suspicions concerning the  importance of  s e l e c t i v e  absorption. The 

percentage absorption of X-rays of d i f f e r en t  wavelengths, and of .gamma 

rays,  i n  s i l v e r  and i n  .platinum was not. p a r a l l e l  t o  t he  absorption 
.. . 

i n  water, which f i i in ig  and Friedrich denionstrated w a s  equivalent t o  
. . . . 

s o f t  t i s s u e .  The absorption of  X-rays and gamma rays i n  a i r  was, 

however, c lose ly  p a r a l l e l  t o  t h e i r  absorption i n  water and thus i n  

t i s s u e .  A s  a p r a c t i c a l  matter,  then,  KrGnig and Fr iedr ich  concluded 

t h a t  ion iza t ion  measurements i n  a i r  would give doses t h a t  were 

comparable over a wide range of  wavelengths. They e x p l i c i t l y  aimed 

t o  measure dose i n  Chris ten 's  sense ( t h e  energy absorbed i n  a given 

volume) r a t h e r  than X-ray quant i ty  ( t h e  energy passing through a 

sur face) .  

I n  order  t o  make ioniza t ion  measurements comparable among c l i n i c s ,  

KrSnig and Fr iedr ich  defined an absolute u n i t  of rad ia t ion  dosage 2 

as ' ' that amount of  rad ia t ion  which by ion iza t ion  i n  one cubic centimeter 

o f  b i r  'transfcss k l e  e lec t ro ie t r t lc  u n i t  o f  charge i n  a s a tu ra t ion  

currept." This u n i t  i s  s imi l a r  t o  a un i t  t h a t  had been used by a 



French phys ic i s t  a  decade e a r l i e r  as  wel l  a s  t o  t he  "rBntgenY1' t he  

uni t  of X-ray dosage t h a t .  a  decade l a t e r  would be adopted on t h e  

in t e rna t iona l  . l eve l  .ll The recurrence of  t h i s  un i t  i s  not surpr i s ing .  

To the  phys i c i s t ,  sa tura t ion  current  was the  usual method of 

measuirng X-ray i n t e n s i t y ,  and it was a sho r t  s t ep  t o  measure dosage 

i n  terms of the  charge t ransported by t h e  sa tura t ion  current .  There 

were, however, o ther  p o s s i b i l i t i e s  f o r  an ion iza t ion  u n i t  o f  rad ia t ion  

dosage. One p o s s i b i l i t y  was the  "megamegaion" ( t h e  number of ions ,  

i n  mi l l ion  mi l l ions ,  produced i n  a i r ) .  This un i t  required the  same 

s o r t s  of measurements a s  Kr6nig and Fr iedr ich ' s  2, but it a l s o  

required an addi t iona l  cac lu la t ion  a f t e r  t h e  amount of charge t ransported 

had been determined, o r  t he  ca l ib ra t ion  of the  electrometer i n  number 

of ions r a t h e r  than i n .  e l e c t r o s t a t i c '  un i t s .  The "megamegaion" never : 

came i n t o  ge&ral G e . l 2  Another p o s s i b i l i t y  was' t o  use. t he  ion i i a t i on  . 
produced by a given amount of radium as  a  un i t  of X-ray dosage, a 

proposal made even before t h e  War i n  Br i t a in .  This procedure d id  not 

gain favor i n  Germany, but radium was used there  t o  v e r i f y  t h e  

constancy of  measuring instruments and, as  we s h a l l  see i n  the  next 

chapter,  t h e  French i n  t he  post-War period would favor using radium as 

t h e  bas i s  of  a  u n i t  of X-ray dosage. 

More important than the  wording of  t he  de f in i t i on  of KrSnig and 

Fr iedr ich ' s  g u n i t  were t h e i r  procedures f o r  measuring ion iza t ion .  

For t h e  f i r s t  time i n  t h e  medical X-ray l i t e r a t u r e ,  they presented an 

extensive discussion of t h e  sources of e r r o r  i n  ion iza t ion  measurements, 

including inadequate i n su la t ion ,  t h e  d i e l e c t r i c  po lar iza t ion  and de- 

po lar iza t ion  of t he  in su la t ing  mater ia l ,  p ro tec t ion  o f . t h e  ion iza t ion  



chamber from e l e c t r o s t a t i c  forces  and from radia t ion  o ther  than 

the  rad ia t ion  i n  t h e  primary beam, and t h e  nature of  t h e  mater ia l s  

of  which t h e  ion iza t ion  chamber was constructed. This last point  

. . 
concerning mater ials  was espec ia l ly  important. Ion iza t ion  chambers 

f o r  c l i n i c a l  use had been introduced i n  Germany j u s t  before t h e  

War. They were small, usual ly one cubic centimeter i n  volume, s o  

I t h a t  they could be e a s i l y  handled and even introduced i n t o  the  

p a t i e n t ' s  body;' r e c t a l  i n se r t i on  during i r r a d i a t i o n  of t h e  ovaries  

w a s  one method of measuring t h e  dose ac tua l ly  del ivered near t h e  

t a r g e t .  The commercially ava i lab le  ion iza t ion  chambers had metal 

w a l l s .  A s  KrGnig and Fr iedr ich  pointed ou t ,  metal wal ls  would give 

of f  secondary . . rad ia t ion  when X-rays were, absorbed, i n  .them. The 
. . . .  . . . .  . . 

ion iza t ion  measured would then not  be e n t i r e l y  from. the  air  i n ' t h t  
. . .. . . .  . 

chahber, but  would include ion iza t ion  by both cha rac t e r i s t i c '  x-rayso 

l and secondary cathode rays from the  w a i l s .  To avoid t h e  c h a r a c t e r i s t i c  

I w a l l  r ad ia t ion ,  Krijnig and Fr iedr ich  used a  cow's horn ion iza t ion  

chamber (whose walls were made conducting by a  coat ing of g raph i t e ) .  

This small chamber with walls of low atomic weight mater ia l ,  which 

d id  not emit secondary X-rays, Krijnig and Fr iedr ich  ca l ib ra t ed  i n  

t h e i r  2 u n i t  using an ion iza t ion  chamber t h a t  they bel ieved s u f f i c i e n t l y  

l a r g e  t o  measure t h e  t o t a l  ion iza t ion  due t o  t he  secondary cathode 

rays a r i s i n g  from t h e  absorption of  X-rays i n  t he  a i r .  

Using t h e  cow's horn chamber, o r  an aluminum chamber whose readings 

were corrected f o r  w a l l  r ad ia t ion ,  KrGnig and Fr iedr ich  went on t o  

answer two important q u e s t i ~ e s  f o r  rl~cp therapy: hci'wW ilid deep a6s'es 

ca lcu la ted  from t h e  sur face  &ose and t h e  absorption coe f f i c i en t  compare 



with experimentally determiiled deep doses? and how did  the  b i o l o g i c a l .  , 

effect iveness  of  X-rays vary with qua l i ty?  The former question was 

not one t h a t  o thers  i n  t he  medical rad io logica l  community had asked, 

and it seems l i k e l y  t h a t  Fr iedr ich  expected t h a t  t he  ca lcu la ted  doses 

arid t h e  measured doses would not agree. The exponential  law of 

absorption, on which t h e  ca lcu la t ions  depended, did not t ake  i n t o  

account s ca t t e r ed  X-rays, which would add t o  t h e  ion iza t ion  a dose 

t h a t  came t o  be ca l l ed  t h e  "~ t r euzusa t zdos i s . "  This added s c a t t e r i n g  

dose would increase  with t h e  hardness of  t h e  primary beam, and because 
' 

of s ca t t e r ing  the  dose del ivered at the  center  .of t he  "f ie ld" of t he  

primary beam woyld be g rea t e r  t h e  l a r g e r  t he  sc'ze of t h e  f i e l d ;  Krtjnig 

and. Friedrich readi ly  .confirmed these  with,  experiments 
. . . . . . 

. . 
cGnducted i n  a  basin of water ( a  "phantom'') .. The p r a c t i c a l  problem . . .  . . . 

' %. 

. . . . . .  . 
of de l iver ing  a spec i f ied  dose t o  deep-lying t i s s u e  thus became more 

complex than before.  Numerous experimenters over t h e  next decade 

would work on determining doses i n  water phantoms with d i f f e r en t  

combinations of f i l t e r s ,  foca l  dis tance,  f i e l d  s i z e ,  and o ther  

parameters. 1 3  

Krtjnig and Friedrich a l so  answered t h e  ques t ion 'of  whether X-rays 

of d i f f e r en t  qua l i ty  had t h e  same e f f e c t s ,  and with t h e i r  answer came 

a  s impl i f ica t ion  of therapeut ic  concepts. Using frog l a rvae  ( ~ a n a  

temporaria o r  Rana esculenta)  t h a t  were known -from Hertwig's work t o  

s u f f e r  readi ly  v i s i b l e  malformations a s  a r e s u l t  of exposure t o  

r ad i a t ion ,  they showed t h a t  t he  b io logica l  e f f e c t s  were independent 

of t he  qua l i t y  of t he  rays.  The e f f e c t s  depended only on t h e  absorbed 



dose measured by t h e i r  ion iza t ion  chamber, a quant i ty  t h a t  they 

assumed t o  be i d e n t i c a l  t o ,  o r  at l e a s t  p ropor t iona l  t o ,  t h e  energy 

of t he  absorbed rad ia t ion .  These experiments with f rog  la rvae  were 

conf i k e d  by l e s s '  elttensive experiments on garden peas ( V i  cea fava)  

, and on human ovaries .  The dependence of b io log ica l  e f f e c t s -  on t h e  

absorbed dose alone suggested t h a t  it might be possible  t o  measure 

t h e  doses required t o  br ing about s p e c i f i c  e f f e c t s ,  regardless  

of  the qua l i t y  of t h e  r ad i a t ion  used. ' Krijnig and Fr iedr ich  defined, 

and made some preliminary attempts t o  measure, an "ovarian" dose 

( t h e  dose required t o  produce cessat ion of  ovulation and .menstruation),  

an "erythema" dose ( t h e  dose required t o  produce a d i s t i n c t l y  v i s i b l e  

. . 
react ion on t h e  s k i n ) ,  and a "carcinoma" dose ( the  dose req*red t o  
. . .  . . . . 

produce a decrease. i n  t h e  s i z e  of a carcinoma). ,- 

. . .. '. . . 
. . . . . . 

... ' It re.mained' f o r  ~ u d k i ~  S e i t z ,  d i r ec to r  of  t h e  ~ni ivers i . t$  Women's 

Hospital  at Erlangen, and Hermann Wintz, the  young physician who 

obtained a doctorate  i n  physics,  t o  apply these  concepts i n  extensive 

c l i n i c a l  t r i a l s .  l4 S e i t z  and Wintz worked i n i t i a l l y  with pre-War 

X-ray tubes desiged spec i a l ly  f o r  deep therapy, bu t  they turned 

eventual ly t o  Coolidge tubes exc i ted  with up t o  200,000 vo l t s .  

From 1914 on, they t r e a t e d  dozens of cases of carcinoma and sarcoma 

t h a t  came i n t o  t h e  mi l i t a ry  c l i n i c  housed i n  t h e  Erlangen Women's 

Hospital  during t h e  War. They a l so  t r e a t e d  f i v e  hundred cases of 

u t e r ine  fibroma and of  funct ional  u t e r ine  bleeding. The Erlangen 

gynecologists measured t h e i r  doses with an " i ~ n t o ~ u a n t i m e t e r "  

produced by Reiniger,  Gebbert and Schal l ,  and with s imi l a r  instruments 

designed i n  cooperation with an e l e c t r i c a l  engineer. 1n.accordance 



with Krijnig and Fr iedr ich ' s  suggestions,  S e i t z  and Wintz t r i e d  t o  

avoid c h a r a c t e r i s t i c  rad ia t ion  from t h e  walls of t h e  ion iza t ion  

chamber, but  they did not use the  physically-oriented 2 u n i t  f o r  

X-ray dosage. They had no l a r g e  ion iza t ion  chamber and thus lacked 

a way t o  standardize t h e i r  ion iza t ion  chambers i n  absolute un i t s .  

Instead,  S e i t z  and Wintz turned t o  what they ca l l ed  a "biological  

system of  measurements" t o  ensure compatibi l i ty  among d i f f e ren t  

c l i n i c s .  The bas i s  of t h i s  system was Krijnig and F r i ed r i ch ' s  "erythema" 

dose, which S e i t z  and Wintz recas t  as  t he  "uni t  sk in  dose" 

The un i t  sk in  dose was the  dose of f i l t e r e d  

X-rays , requi red  t o  produce a reddening of  t he  sk in  within a spec i f ied  

. . . .  . .time period. ,For healthy, previously, un i r rad ia ted  .skin on. a parti 'cular 
. .  . . . , . . . 

. . 

p a r t  of t h e  body, S e i t z  and Wintz determined.experimental1y t h a t  t h e  
, .. . . . 

var ia t ions  i n  t h e  u n i t  skin dose were r e l a t i v e l y  small ,  on t h e  order 

of 10 o r  15  per  cent ,  and they therefore  thought themselves j u s t i f i e d  

i n  expressing dosage i n  terms of t h e  u n i t  sk in  dose. 

I n  t h e i r  c l i n i c a l  t r i a l s ,  t h e  Erlangen gynecologists found t h a t  

t h e  doses required t o  cause permanent cessat ion of ovulat ion,  o r  t o  

cure carcinoma o r  sarcoma, were a l s o  remarkably constant ,  a s  Krijnig 

and Fr iedr ich  had suggested. The "castrat ion" dose was 34 per  cent 

of t he  un i t  skin dose, t he  "carcinoma" dose was 110 per  cent of t h e  

u n i t  sk in  dose and t h e  "sarcoma" dose was 60-70 per  cent of  t he  u n i t  sk in  

dose. These doses ,Se i t z  and Wintz del ivered,  as  f a r  a s  possible ,  i n  

a s ing le  s i t t i n g  by increasing the  foca l  dis tance,  by i r r a d i a t i n g  

from severa l  d i f fe ren t  d i rec t ions ,  and by using f i e l d s  t h a t  were as 

l a rge  as possible  without overlap. They thus  avoided what they termed, 



again following Krijnig and Fr iedr ich ,  t h e  ".dissipation1' ( V e r z e t t l q )  
.., 

of  t h e  dose by the  usual procedure of de l iver ing  it over t h e  course of 

severa l  s i t t i n g s  spread out over days o r  weeks. The objec t ive  i n  

t h i s  in tens ive  deep therapy was t o  k i l l  t h e  cancer c e l l s ,  o r  i n  t h e  

case of  ovarian treatments t o  k i l l  t h e  oogonia and ova. The success 

r a t e s  were extremely high, with 100 per  cent  success reported i n  500 

cases of at l e a s t  temporary female s t e r i l i z a t i o n  produced i n  .one o r  

more s i t t i n g s .  Of 170 cases i n  which s t e r i l i z a t i o n  had been produced 

i n  a s ing le  s i t t i n g ,  77 pe r  cent had remained s t e r i l e  f o r  a t  l e a s t  

one year.  Problems d id  sometimes a r i s e  from exposure of t h e  i n t e s t i n e s  

during treatment and t h e  r e su l t i ng  " ~ 6 n t g e n  hangover" ( ~ E n t g e n k a t e r ) ,  

severa l  instances of " la te"  . e f f ec t s  (dermat i t i s  developing 'long a f t e r  
. . .. . . . . 

. . 
i r r a d i a t i o n )  were observed, and' t h e r e  were general ly  changes i n  t h e  .' 

. . 
. . 

p a t i e n t ' s  blood. On th'e.whole., however, S e i t z  and Wintz regarded ' - '  

ser ious  harm as r a re .  

A s  we s h a l l  see  i n  t h e  next chapter,  t he  in tens ive  deep therapy 

of S e i t z  and Wintz rap id ly  became known abroad a s  t h e  "German" s t y l e  

of therapy. Within Germany, however, t h e  ~Erlangen technique faced 

a good dea l  of opposition. To many p r a c t i t i o n e r s ,  t h e  technique had 

t h e  same disadvantages a s  t h e  s ing le - s i t t i ng  technique t h a t  Kienbijck 

had introduced fo r  s u p e r f i c i a l  therapy twenty years  e a r l i e r :  it was 

overly schematic and d id  not  permit ad jus t ing  t h e  treatment t o  t he  

i progress of  ind iv idua l  cases.  .The margins of s a f e t y  seemed exceedingly 
I 

s m a l l  t o  professionals  who were convinced t h a t  pro tec t ion  was e s sen t i a l .  

I n  t h e  many-sittings approach, t h e  sk in  wd blond nf the paticnB were 

kiven an opportunity t o  recover between i r r a d i a t i o n s ,  t h e  R6ntgen 

hangover w a s  l e s s  frequent,  and i n  treatment of u t e r ine  fibromas t h e  



ar t i f ic ia l ly- induced  menopause came about more slowly and the  fibromas 

d is in tegra ted  more gradually .15 Opposition a l s o  came from p rac t i t i one r s  

who disagreed with t h e  basic  objec t ive  of t h e  Erlangen technique, 

which w a s  t o  k i l l  c e l l s .  I t  was possible  t h a t  rad ia t ion  cured by 

stimulaf i ng  t h e  body's na tu ra l  defense mechanisms. This notion had 

been discussed e a r l i e r ,  and a s  we s h a l l  see by 1920 it was a dominant 

view i n  England. I n  Germany, the in t roduct ion  of in tens ive  deep 

therapy r a i sed  the  i s sue  anew, s ince  the  s t imula t ive  e f f e c t  of rad ia t ion  

was  bel ieved t o  e x i s t  at small doses r a the r  than a t  the  high doses 

S e i t z  &nd Wintz were using.16 Repeated appl icat ions of t he  "stimulation" 

'dose ( ~ e i z d o s i s )  posed a  sharp cont ras t  t o  t h e  appl ica t ion 'of  l a rge  

doses ..in . . a s ing le  s e t t i n g .  
. . . <. . 

. . 
.. . The Erlangen technique a l s o  ran i n t o  opposition b e c a k e  of t h e  'e-. 

. . 
.. '.. 

re l iance  on ion iza t ion  me&s&ements. Opposition among p rac t i t i one r s  

was t o  be expected, but  more important f o r  t h e  moment was opposition 

among research workers t o  ion iza t ion  as t h e  bas ic  mechanism of 

r ad i a t ion  e f f ec t s .  On t h e  b io logica l  s ide ,  inves t iga t ions  of t he  

p rec ip i t a t i on  of co l lo ids  by rad ia t ion  had shown t h a t  denaturation 

preceded p rec ip i t a t i on .  The primary e f f e c t  of t he  r ad i a t ion  w a s  then 

probably a  chemical change, not a  physical  discharge of  t h e  . co l lo ida l  

particles.17 On the  physical  s i d e ,  t h e  assumption t h a t  ion iza t ion  i n  

a i r  measured the  absorbea energy was coming i n t o  question. This 

assumption, a s  I have mentioned above, was imp l i c i t  i n  most pre-War 

laboratory work with rad ia t ion .  Ionizat ion w a s  not ,  however, t h e  only 

e f f e c t  observed when rad ia t ion  was absorbed. Heating and chemical 

changes might a l so  occur, and the re  was no guarantee t h a t  t h e  

proportion of these  d i f f e r en t  physical  e f f e c t s  remained t h e  same over 



a wide range of wavelengths. Chris ten,  from h i s  post  at t h e  

Radiation Research Unit o f  Reiniger,  Gebbert and Schal l ,  r a i s ed  t h i s  

question of t h e  re la t ionship  between ioniza t ion  and absorbed energy 

i n  1916, and Richard Glocker, i n  t h e  f i r s t  review of medical radio- 

l o g i c a l  dosage techdriques published i n  a  physical  journal,  r e i t e r a t e d  

the  underlying assumption and emphasized i t s  importance: . . " A l l  

ion iza t ion  measurements 'of t h e  energy of  rad ia t ion  r e s t  on t h e  assumption 

t h a t  t he  number of ions produced per  un i t  volume of gas i s ,  

independent of t h e  hardness of t h e  rays,  d i r e c t l y  proport ional  t o  

t he  rad ia t ion  energy absorbed i n  t h e  u n i t  volume."18 
. . . .  . 

Beginning i n  lg19,'He&nh' Holthusen,, t h e  physician who had 

worked with Lenard:and h a b i l i t a t e d  at Heidelberg, d e n i e d . t h i s  
. . 

vulnerable assumption of propor t iona l i ty  between ioniza t ion  and 

absorbed .energy, a t tacked the  ion iza t ion  theory of r ad i a t ion  e f f e c t s  

and put  forward an a l t e r n a t e ,  though equal ly r educ t ion i s t ,  view of 

t h e  underlying mechanism. Kr6nig and Fr iedr ich  had os tens ib ly  chosen 

ioniza t ion  a s  t h e  bas i s  f o r  t h e i r  X-ray measurements on p r a c t i c a l  

grounds. Their f inding t h a t  b io logica l  e f f e c t s  were proport ional  t o  

ionization.independent of  X-ray qua l i t y  neverthless  strengthened 



the  notion t h a t  ion iza t ion  was t h e  fundamental mechanism. Holthusen, 

by cont ras t ,  was convinced t h a t  exc i t a t i on  of b io logica l ly  important 

molecules (without ion iza t ion)  could br ing about chemical changes 

t h a t  caused the  observed rad ia t ion  e f f ec t s .  To decide t h e  i s sue ,  

Holthusen proposed measuring b io logica l  e f f ec t s  r e su l t i ng  from 

exposures t o  X-rays of  d i f f e r en t  quan l i t i e s  while maintaining, i n  

one s e r i e s ,  equal doses measured by ion iza t ion  and, i n  another s e r i e s ,  

equal doses measured by absorbed energy. If t h e  b io logica l  e f f e c t s  

were t h e  same when ioniza t ion  was t h e  same even though t h e  qua l i t y  

of t h e  X-rays had changed, Holthusen would conclude t h a t  ionizat ion 

was the  underlying mechanism. I f  t h e  b io logica l  e f f e c t s  were the  

. ,same when the  absorbed .energy was, t he  .same even though t h e  qua l i t y  
. .. 

of t h e  X-rays had changed, '~o l th&en beiieved he would have prima 
. . . . 

. . 

f ac i e  evidence against  ionizat ion a s  t h e  underlying mechanism and 

f o r  h i s  own "chemical" view. 

In  h i s  assumption of propor t iona l i ty  between cause i n  t h e  physical 

world and e f f e c t  i n  t h e  b io logica l  world, Holthusen betrayed a 

remarkable innocence t h a t  many of h i s  colleagues did not share.  

Moreover, t h e  experiment a1 evidence Holthusen would o f f e r  was subject  

t o  i n t e rp re t a t ions  d i f f e r en t  from h i s  own. I n  some respec ts ,  however, 

Holthusenls analysis  was sophis t ica ted ,  and it had t h e  meri t  of being 

the  f i r s t  subs t an t i a l  e f f o r t  t o  work out a reduct ionis t  view i n  d e t a i l .  

A f i rm be l iever  i n  t h e  electromagnetic theory of X-rays, Holthusen 

assumed t h a t  t h e  Planck-Einstein r e l a t i o n  held f o r  t h e  conversion i n  

a i r  of X-ray energy i n t o  the  energy o f  secondary cathode p a r t i c l e s ,  

j u s t  as t h e  r e l a t i o n  he ld  f o r  the  conversio'n of t he  energy of ultra- 



v io l e t  l i g h t  i n t o  the  energy of  photoelectrons. Using t h i s  r e l a t i o n ,  

Holthusen ca lcu la ted  from t h e  frequency of an X-ray.of a given hard- 

ness t h e  i n i t i a l  ve loc i ty  of t he  secondary cathode ray it produced. 

Holthusenl.s mentor i n  physics,  Lenard, had co l lec ted  extensive da t a  

on cathode rays ,  including t h e  number of  ions produced by cathode 

rays of d i f f e r en t  ve loc i t i e s .  This ion iza t ion  was not proport ional  

t o  t he  square of  t h e  ve loc i ty .o f  t he  cathode rays,  as  would be 

required by the  Planck-Einstein r e l a t i o n  i f  ion iza t ion  was t o  be 

regarded as  a measure of  absorbed energy. Instead,  t he  r a t i o  of t he  

number of ions produced t o  t he  square of  t h e  ve loc i ty  of t he  

cathode rays producing them increased with increasing ve loc i ty .  

To obtain a t r u e  measure of absorbed energy from t h e  ion iza t ion  
. . 

produced 'by X-rays, Holthusen chi-rected'fhe m e l u r e d ' i o n i i a t i o n  k i t h  
. . 

t h i s  "energy . transformation factor ."    his procedure s a i d  nothcng. . . . . . .  

about t he  number of  secondary cathode rays produced by X-rays of 

varying q u a l i t i e s ,  and it t a c i t l y  assumed t h a t  X-rays of  d i f f e r en t  

q u a l i t i e s  produced t h e  same number of cathode rays.  

I n  f a c t ,  t he  r e s d t s  of Holthusenls experiments with equal 

absorbed energies could have been in t e rp re t ed  as  r e f l e c t i n g  a decrease 

i n  t h e  number of  secondary cathode rays produced with increasing 

hardness. Holthusen, however, ignored t h i s  complication and t r i e d  t o  

decide on experimental grounds only between ioniza t ion  and t h e  t o t a l  

energy of t he  secondary cathode rays -as a measure. of t h e  b io logica l  

e f fec ts .  For t h i s  purpose, he used eggs of Ascaris megalocephala, a 

worm found i n  horse s a l i v a  t h a t  was known t o  s u f f e r  radiation-induced 

i n a l f o r x i a t i ~ n s . ~ ~  Contrary t o  Kriinig and .Friedrich's claim from t h e i r  



work with f rog  ' larvae,  Holthusen found t h a t  when he var ied  t h e  hardness 

of h i s  X-rays the  e f f e c t s  on h i s  w o r k  were proport ional  not t o  

ionizat ion but t o  t he  t o t a l  energy of  t h e  secondary cathode rays.  

So f a r  a s  fundamental mechanisms were concerned, t h i s  r e s u l t  l e f t  

Holthusen shor t  o f  demonstrating t h a t  chemical changes independent of 

ion iza t ion  were t h e  cause of  t h e  b io logica l  e f f e c t s ,  but t he  r e s u l t  

unquestionably cas t  doubt on the  use of ion iza t ion  measurements f o r  

dosage. 

Also upset t ing t o  t h e  advocates o f  ion iza t ion  measurements was 

Holthusen' demonstration t h a t  t h e  chambers i n  use were inadequate 

t o  t h e  task .  Holthusen knew from Lenard's da ta  t h a t  secondary cathode 

rays with a range of 10  centimeters i n  a i r  were obtainable from 
. . . . 

X-f-rays consi'dered "mediirm pard. " Krijnig and Fr iedr ich ,  however;. had ' .  :, 

. . 

uskd a. l a r g e r  chamber only 6.5 centimeters long t o  standardi.ze t he  . . 

smaller chamber ac tua l ly  used i n  t h e i r  experiments. I n  defining t h e i r  

e u n i t ,  therefore ,  KrGnig and Fr iedr ich  had f a i l e d  t o  use the  e n t i r e  - 
ion iza t ion  due t o  t h e  secondary cathode rays,  as Holthusen demonstrated 

by showing t h a t  the  ion iza t ion  measured decreased i f  t he  hardness of 

the  X-rays increased s u f f i c i e n t l y  t o  cause the  range of t he  secondary 

rays t o  exceed t h e  length  of t he  chamber. Holthusen believed t h a t  

t h e  f a i l u r e  of Krijnig and Fr iedr ich  t o  use all the  secondary cathode 

rays accounted f o r  t h e i r  d i f f e r en t  r e s u l t s  on t h e  var ia t ion  of 

b io logica l  e f f e c t s  with hardness. Had they measured t h e  t o t a l  

ion iza t ion ,  KrGnig and Friedrich would have found t h a t  t h e  b io logica l  

e f f e c t s  were not proportional t o  ion iza t ion  but ins tead  decreased 

with increasing hardness. 



Following up h i s  a t t ack  on ion iza t ion  a s  t h e  'fundamental mechanism 

of  rad ia t ion  e f f e c t s ,  Holthusen put forward an important, though 

I - ul t imate ly  f r u i t l e s s ,  proposal concerning dosage measurements and 

I un i t s .  Ins tead  of  t h e  ion iza t ion  u n i t  2, Holthusen prefer red  a  

I .  bio logica l  system f o r  measuring dosage and a b io log ica l  u n i t ,  i n  

I p a r t  because he believed t h a t  va r i a t i on  i n  b io logica l  e f f e c t  with 

changes i n  rad ia t ion  qua l i t y  would' be p a r a l l e l  f o r  all b io log ica l  

ob jec ts  and t h a t  therefore  a  b io logica l  method wo'ud el iminate  t h e  

need, for .  considering qua l i t y  separately.  21 .The notion of a: b io log ica l  

I u n i t  had considerable appeal. Two physicians who had proposed a  

I "mouse" dose, which they defined as  t h e  quant i ty  of r ad i a t ion  required 

t o  cause death i n  mice by. damage t o  lymphoid t i s s u e ,  argued i n  favor 
. . . . 

. . . . of .biological  measbrements a s  follows : 

. . . .because i n .  therapy. it . i s  always a  matter  of producing an 
e f f e c t  on. a b io logica l  process,  be it of normal o r  pathological  
charac te r ,  so  it would na tu ra l ly  be the  bes t  i f  one could 
undertake the graduation of t h e  e f f e c t ,  t h a t  i s  t h e  measurement 
of  t h e  dose, by means of a  b io log ica l  measurement method.22 

A qit based on the  e f f e c t  of  rad ia t ion  on t h e  roots  of pea p l an t s  

was proposed i n  1 9 2 0 . ~ 3  I n  England, a  phys ic i s t  who was unaware of 

I t he  controversy i n  Germany had proposed i n  1918 a  u n i t  ca l l ed  the  

"rad," which he defined a s  t he  quant i ty  of rad ia t ion  which, when 

I absorbed by sarcoma c e l l s ,  caused t h e i r  eventual des t ruc t ion  on 

implantation i n t o  r a t s .  24 Holthusen picked up t h i s  suggestion and 

a l so  proposed t h a t  KrGnig and Fr iedr ich ' s  f rog la rvae ,  h i s  own horse 

s a l i v a  worms, o r  t h e  f r u i t  f l i e s  used i n  t h e  United S t a t e s  f o r  

I genet ics  experiments might serve a s  t h e  bas i s  f o r  a b io log ica l  u n i t  

I of dosage. 



In  p rac t i ce ,  the  only b io logica l  un i t  t h a t  was used extensively 

was S e i t z  and Wintz's un i t  sk in  dose, and it became common throughout 

Germany i n  the  ea r ly  1920s. The s h i f t  t o  t h e  un i t  sk in  dose from 

e a r l i e r  u n i t s  was an easy one, s ince  most of them, l i k e  Holzknecht's 

H ,  were f r ac t ions  of t h e  dose t h a t  caused a  sk in  react ion.  The use - 
of b io logica l  un i t s  d id  not ,  however, b r ing  use of b io logica l  

measurements. The ~ a b o u r a u d - ~ o i r 6  and o ther  p a s t i l l e s  a s  wel l  as  

t he  KienbGck s t r i p s  gave way not t o  mice o r  pea p lan ts  but t o  

ion iza t ion  chambers. Reiniger,  Gebbert and Schal l ,  which was t h e  

only f i rm manufacturing the.KienbGck s t r i p s ,  by 1923 was e x p l i c i t l y  

denying r e spons ib i l i t y  f o r  any harm t o  pa t i en t s  caused when using 

. the s t r i p s  ,. and it was by then c l e a r  . . that.  i n  .a l a w  s u i t  t h e i r  use 

would not be considered adequate t o  avoid a  p e n a l t y ' f o r  negligence. 2 5 
. .  . . . 

Using whatever ion iza t ion  chamber it chose, each c l i n i c  'determined 

f o r  i t s e l f  t h e  amount of i ,onization, required t o  produce a  skin 

re.action and then reported i t s  dosages as  percentages of t h i s  un i t  

sk in  dose. The method was, above a l l ,  convenient: commercially 

ava i lab le  ion iza t ion  chambers could be used, no s tandardizat ion with 

a  l a rge  ion iza t ion  chamber was required, and each c l i n i c  could work 

independently and ye t  compare i t s  r e s u l t s  with those of other  c l i n i c s .  

To t h e  phys ic i s t s  who had entered medical radiology i n  t h e  previous 

decade, t he  re l iance  among the  p rac t i t i one r s  on t h e  uni t  sk in  dose 

was in to le rab le .  I n  t h e  f i r s t  place,  t he  uni t  sk in  dose d id  not meet 

t h e  phys ic i s t s  .' standard of  precis ion.  There were var ia t ions  i n  

t h e  skin reac t ion  used t o  define t h e  dose i n  d i f f e r en t  c l i n i c s ,  and 



t h e  s m a l l ,  commercially ava i lab le  chambers gave readings t h a t  depended 

on t h e  hardness of  t he  X-rays used. I n  1922, a comparative study 

of t h e  un i t  skin doses i n  d i f f e r en t  c l i n i c s  yielded va r i a t i ons  .of 

around 50 per  cent.26 I n  1924, a  more extensive study of  fourteen 

c l i n i c s  using twenty-seven d i f f e ren t  ion iza t ion  chambers was under- 

taken by Leonard Grebe ,and Heinrich Martius, t h e  .Bonn phys ic i s t s .  '7 

They found t h a t  u n i t  sk in  doses within Germany varied by. a s  much as  .a 

f a c t o r  of  four.  Secondly, t h e  phys i c i s t s  found the  combination of a  

physical  method of measurement with a  b io log ica l  un i t  anomalous. 

Ion iza t ion ,  i n  t h e i r  view, belonged t o  physics and should be measured 

i n  physical  un i t s .  

Fr iedr ich ,  working with h i s  student Otto Glasser,  strengthened 
. : _. , . <. : 

t h e  phys ic i s t s '  harid by demonstrating. i,n' 1922 t h a t  . the discrepancy . ' . . 
'. . ,.. 

. ... 

between t h e  r e s u l t s  he had obtained with ~ r i j n i ~  and ~ o l t h u s e n ' s  

r e s u l t s  on t h e  question of t h e  va r i a t i on  of b io logica l  e f f e c t s  with 

hardness was t h e  r e s u l t  of a  d i f fe rence  i n  t h e i r  experimental 

arrangements.28 While admitting Holthusen's claim t h a t  t h e  chamber 

used i n  Fr iedr ich ' s  e a r l i e r  work..with Kriinig w a s  not s u f f i c i e n t l y  

l a rge  r e l a t i v e  t o  t he  range of  t he  secondary cathode rays,  Fr iedr ich  

and Glasser believed t h a t  t h e  discrepancy came from another source. 

Holthusen had i r r a d i a t e d  h i s  &rms i n  a  t h i n  l aye r ,  bu t  Krijnig and 

Fr iedr ich  had i r r a d i a t e d  t h e i r  f rog , l a rvae  submerged i n  a  tank of 

water. Holthusen, then, had avoided s ign f i can t  s ca t t e r ing ,  but 

Krijnig and Friedrich had measured a dose t h a t  included s c a t t e r i n g  



from t h e  water. The added s c a t t e r i n g  dose i n  t h e i r  small  chamber 

increased with increasing hardness i n  such a way t h a t  t h e  ion iza t ion  

W6nig and Friedrich ac tua l ly  measurea w a s  proport ional  t o  t he  

energy of t h e  secondary cathode rays. The K,rSnig and Fri.edrich 

r e s u l t s ,  co r r ec t ly  in te rpre ted ,  therefore  agreed with Holthusen's 

and confirmed the  notion t h a t  b io logica l  e f f e c t  was proport ional  not 

t o  ion iza t ion  but  t o  t h e  absorbed energy. 

With t h i s  d i f f i c u l t y  resolved, Fr iedr ich  and Glasser a t tacked 

~ o l t h u s e n  on &other fronf .  Holthusen had wanted t o  decide the  

dosimetry question by determining t h e  mechanism of t h e  rad ia t ion  

e f fec ts .  Fr iedr ich  and Glasser proposed separat ing these  i ssues .  

Admitting t h a t  not enough w a s  known of t h e  mechanism of  rad ia t ion  
. . . . , . 

. . e f f ec t s  t o  be su re  t h a t  t h e  processes t h a t  occurred i n  an- ion iza t ion  
. . .  . . . . . . '  .. . . . . . 

. . . . - .- chamber.were the  same a s  those t h a t  occurred i n  b io logica l .mater ia l s ,  

it was s t i l l . p o s g i b l e  t o  design s u f f i c i e n t l y  s e n s i t i v e  and r e l i a b l e  

instruments, and un i t s ,  t o  give reproducible r e su l t s .  From t h i s  

point  of view, ion iza t ion  measurements and the  5 u n i t ,  measured i n  a  

l a rge  chamber and avoiding rad ia t ion  from the  walls ,  were s t i l l  t h e  

bes t  methods from the  phys ic i s t s '  point  of view, regardless  of t h e  

mechanism of rad ia t ion  e f f ec t s .  The phys i c i s t s  pressed t h i s  point of 

view i n  a  new Commission f o r  t h e  Creation of a  Standard Instrument 

f o r  X-ray Measurement, c rea ted  by t h e  German RSntgen Society i n  1923.29 

Moreover, Hermann Behnken, who had moved from Fr iedr ich ' s  laboratory 

t o  t h e  Physical-Technical I n s t i t u t e ,  went ahead without agreement 

from t h e  b io logica l  side.30 Before the  Commission had reached 

agreement, Behnken had already begun s tandardizing small ion iza t ion  



chambers using an "air presswe"  chamber t h a t  he had designed and 

t h a t  the  f i rm of siemens and Halske had produced.31 I n  t h i s  chamber, 

t h e  range of t h e  secondary cathode rays'was shortened by increas ing  

the  air pressure t o  up t o  10 atmospheres. It was Behnken who 

r e l abe l l ed  t h e  2 un i t  R, f o r  r8ntgenY'followi'ng an e a r l i e r  French 

proposal t h a t  I s h a l l  mention i n  Chapter 6. The p r a c t i c a l  dosage 

problem, so  far as' the  German phys i c i s t s  were concerned, appeared t o  

be solbed by 1924. 

I t  i s  i ron ic  t h a t ,  j u s t  a s  t h e  phys ic i s t s  were separa t ing  the  

p r a c t i c a l  i s sues  i n  X-ray dosimetry from the  problem of understanding 

the  mechanism of rad ia t ion  e f f e c t s ,  a  theory of  rad ia t ion  e f f e c t s  

was being proposed t h a t  would provide an account of how t h e  physical  
. . ' .  

proc.ess of i o n i  zatioq', a s  observed i n  Wilson1 s  cloud-'chamber photogr,aphs , 

cauked b io logica l .  e f f ec t s .  ~ r i e d r i c h . ~ e s s a b e r ,  t he  German X-ray .tu$e 

manufacturer who obtained a doctorate  i n  physics during the  W a r ,  

proposed i n  1922 the  "point heat" o r ,  a s  it l a t e r  became known, "h i t "  

theory.32 Noting t h a t  t he  t o t a l  amount of energy t r ans fe r r ed  i n  

t h e  absorption of X-rays was no more than t h e  energy t r ans fe r r ed  i n  a 

couple of swallows of warm water,  Dessauer accounted f o r  t h e  d i f fe rence  

i n  t h e  b io logica l  e f f e c t s c a u s e d  by t h e  way i n  which t h e  energy was 

del ivered.  The h i t  theory t r e a t e d  t h e  b io logica l  e f f e c t s  of rad ia t ion  

a s  t h e  r e s u l t  .of h i t s  by one o r  more secondary cathode rays on 

spec i a l ly  s e n s i t i v e  s t ruc tu re s  o r  t a r g e t s  i n  t h e  c e l l .  A h i t  caused 

rap id  motion of  t he  molecules within a  t a r g e t ,  an event Dessauer 

thought of a s  "point heat." The nature of  the  targets wa.? FL . m ~ . t . t . ~ r  



of continuing debate, but  t h e  mathematical p a r t  of t h e  t h e 0 0  d id  

not' requi re  t h e i r  specif icaion.  It was well  known t o  phys i c i s t s  

t h a t  h i t t i n g  a t a r g e t  of a  given s i z e  with randomly thrown p r o j e c t i l e s  

was a process governed by a  probabi l i ty  law usual ly a t t r i b u t e d  t o  

Poisson. I f  only a s ing le  h i t  were required t o  br ing about a given 

e f f e c t ,  t h i s  Poisson d is . t r ibu t ion  yielded as  t h e  f r ac t ion  r of t a r g e t s  

unhit a f t e r  time t 
. . 

r = e - b t  

o r ,  as t h e  f r ac t ion  of  taxgets  h i t  i n  t h e  same time, 

where 5 is  t h e  time average number of h i t s .  A t  low doses (small 6t), 

there  would therefore  be a:linear. re la t ionship  .between dose and 
. . . a  

e f f e c t :  

r 4 e f f e c t  
h  

dose 

I f  more than one. h i t  were required t o  br ing  about a given e f f e c t ,  

the  re la t ionship  between dose and e f f e c t  would i n  general be sigmoid: 

e f f e c t  L. 
The h i t  theory would l a t e r  i n  t h e  1920s and i n  t h e  1930s prove 

f r u i t f u l  f o r  rad ia t ion  biology and provide, a s  Dessauer had hoped it 

would, a  physical  bas i s  f o r  radiat'ion therapy and . r ad i a t ion  genet ics ,  

but  i n  the  ea r ly  1920s it was a  cont rovers ia l  theory t h a t  d id  not 



a t t r a c t  much immediate support i n  t h e  medical rad io logica l  community. 

The mathematics used was beyond most p rac t i t i one r s ,  and i n  addi t ion 

t h e  evidence was not persuasive t o  b io log i s t s .  The primaxy support 

came from e.xperiments showing a  sigmoid re la t ionship  between dose and 

e f f e c t ,  and such a r e l a t ionsh ip  could derive from random v a r i a b i l i t y  

i n  the. b io logica l  mater ia l s  a s  wel l  as from random K i t s  on c e l l u l a r  
. . 

t a r g e t s .  33 Holthusen summarized t h e  i n i t i a l  a t t i t u d e  of physicians 

and b io log i s t s  when he sa id ,  "The many ways i n  which t h e  rays can 

a f f e c t  t he  body do not allow themselves t o  be rediced t o  a  f ~ r m u l a . " ~ '  

' . Holthusen was more than  Dessauer's equal. i n  physics and mathematics, 

so t h i s  statement should not be read as  h o s t i l i t y  a r i s i n g  from 

. . incomprehension. Holthusen and .o thers  bel ieved t h a t  t h i s  . . physic.al 
. .  . . . . . . . . . 

' . theory did not take adequately i n t o  account t h e  complexity of . 
.... . . . 

, .. . 

bioiogica.l phenoltlena. Thus, f o r  t h e  moment, t h e  h i t '  theory did n o t  

provide s ign i f i can t  support f o r  t h e  s h i f t  t o  ion iza t ion  measurements. 

The c rea to r  o f  t he  h i t  theory, Dessauer, was a  diehard advocate of 

t h e  KienbSck s t r i p s  r a t h e r  than ion iza t ion  chambers f o r  c l i n i c a l  use,  

provided t h a t  t h e  p r a c t i t i o n e r  followed h i s  recommendation t o  use 

homogeneous x-rays. 35 Thus, even i n  Germany s ign i f i can t  gaps between 

s c i e n t i f i c  understanding and medical p rac t i ce  remained i n  t h e  mid 1920s: 

ion iza t ion  measurements were accepted i n  t h e  c l i n i c  but without a 

f i rm t h e o r e t i c a l  bas i s  and with continuing use of b io logica l  un i t s .  

Outside Germany, in tens ive  deep therapy and ioniza t ion  measurements 

were s t i l l  novel t ies  i n  t h e  ea r ly  1920s. I s h a l l  discuss  t he  recept ion 

nf +.hess devoLopmcnta i n  t l ~ t  iicxL chapLer. While t h e  Gerxbms were 



s e t t l i n g  t h e  problems of X-ray dosage, professional  organizations 

i n  o ther  countr ies  had become concerned with protect ion against  e f f e c t s  

on t h e  blood t h a t  r e su l t ed  from exposure t o  radium as  well  a s  X-rays. 

By 1924, professional  committees i n  Br i t a in ,  France and the  United 

S ta t e s  would make recommendations on radium pro tec t ion ,  and ac t ion  

was being taken i n  o ther  countr ies  as  wel l .  I s h a l l  now turn  t o  

these developments outs ide Germany and focus i n  p a r t i c u l a r  on t h e  r o l e  

of publ ic  concern i n  forcing medical. rad io logica l  communities t o  put 

radium pro tec t ion  on a par':with X-ray protect ion.  

Ef fec ts  of  rad ia t ion  on t h e  cons t i tuents  of t he  blood and on 

the  blood-forming organs had been known, as  we mentioned i n  Chapter 2,  
. . .. . . . . . . 

, ' sinc'e 1903.. I n  a d d i t i o n  t o  c l i n i c a l  t r i a l s  i n  curing diseases  ' l ike 

pseudo-leukemia and leukemia, there  had been during t h e  next decade 

extensive experiments undertaken t o  s o r t  out whether t he  c l i n i c a l  

manifestations were the  r e s u l t  of e f f e c t s  on t h e  white and red blood 

c e l l s  during c i r cu l a t ion ,  o r  .whether it was the  lymphoid and myeloid 

t i s s u e s  responsible f o r  forming these  blood c e l l s  t h a t  were a f fec ted .  

The i s sue  was a complex one t h a t  was not s a t i s f a c t o r i l y  s e t t l e d  u n t i l  

t he  mid-1920s, but  i n  t h e  meanwhile it became c l e a r  t h a t  t he re  were 

s u b s t a n t i a l  dangers f o r  both X-ray operators  and radium workers. 36 

I n  1911, severa l  Viennese physicians reported t h e  deaths of four 

X-ray operators  and one radium worker from what they termed leukemia. 

I n  blood samples from t en  healthy x-ray workers, they found reduced 

numbers of polynuclear leucocytes and increased numbers of lymphocytes. 37 



I n  1914, the  death of an I t a l i a n  physician who had worked with X-rays 

.. f o r  fourteen years was reported prominently i n  t h e  ~ r c h i v e s  -of the  

Rgntgen Rax. 38 The diagnosis was pernicious anemia, a condition t h a t  

was thought . to  be secondary t o  destruction of other t i s s u e s ,  especia l ly  

i n  t h e  t e s t i c l e s ,  bone marrow and spleen. 

These blood-related incidents  .were, however, i so la ted  cases t h a t  d id  

not alarm t h e  bulk of pract i t idners .  The weight of t h e  evidence was 
I 

agaln on t h e  s ide  04 no e f f e c t ,  o r  an idiosyncrat ic  one t h a t  could 

be ignored. When an English physicist  t r i e d  i n  1916 t o  i n t e r e s t  t h e  

Rijntgen Society i n  f M h e r  e f f o r t s  i n  t h e  area  of radia t ion protect ion 

because of cumulative e f f e c t s  on blood, t h e  reception from h i s  

physician colleagues was cool: 
. . .  . . 

If the  e f fec t s  of X-rays. a re  steady and "cumulative, workers . ' .  
lzke  S i r  MacKepzie Davidson pho i n  1912, had been knighted f o r  I 

' h i s  contributions t o  radiology] and myself would have withered ' . . 

away long since. 39 

Less than a p a s t i l l e  dose, especial ly i f  spread over a long 
period, is not going t o  do anyone any harm. Therefore, i f  
the  operator adopts t h e  precaution of merely standing three  
yards from h i s  appar t u s ,  he i s  going t o  be p r e t t y  sa fe  i n  
any X-ray treatment. &O 

A t  the  same meeting a t  which these comments were made, the re  w a s  

considerable concern with dermati t is  being reported among newly 

t ra ined operators i n  t h e  f i e l d .  The lack of concern was therefore  

not a ,general lack of concern with protect ion but was l imi ted .  t o  

e f fec t s  supposedly caused over a long period by repeated exposures 

when no acute symptoms were apparent. The p rac t i t ioners  were convinced 



t h a t  such e f f e c t s  e i t h e r  did not occur o r  were so r a r e  t h a t  they d id  

not merit  t h e  a t t en t ion  of t h e  profession.  Another discussion of 

protect iod a t  t h e  Rijntgen 'Society i n  1919 t h a t  was concerned 

with t h e  harder X-rays ava i lab le  from Coolidge tubes l e d  t o  " a 

hopeless divergence of  opinion on t h e  degree of screening required 

f o r  t h e  pro tec t ion  of t h e  operator.  "" ' 

This s i t u a t i o n  changed rap id ly  i n  l a t e  1920 and i n  1921. . 

J. C. Mottram, a physician who had been appointed head of t he  Research 

Department a t  t h e  London Radium I n s t i t u t e  ,, reported i n  August 1920 
. )  

f i v e  cases of a p l a s t i c  pernicious anemia occurring among c l i n i c a l  

and laboratory workers a t  t h e  I n s t i t u t e  during the  preceding severa l  
42 

years.  Three of t he  workers. bad died. Mottram had been working f o r  .., 
. . . .  . . . . 

. seireral years  ~ n ,  e f f e c t s  on the.. blood, and one of h i s  ccillaborators' 
.. . . . 

had been t h e  phys ic i s t  who r a i sed  t h e  question of from 

these  e f f e c t s  a t  t he  Rijntgen Society during t h e  By a p l a s t i c  

pernicious anemia, Mottram meant a severe decrease i n  t h e  red blood 

c e l l  count t h a t  was secondary t o  damage t o  t he  hematopoietic t i s s u e  

i n  t he  bone marrow. He r ead i ly  confirmed t h e  e f f e c t s  on t h e  bone 

marrow under laboratory condit ions,  and he a l so  showed t h a t  with t h e  

introduct ion of protect ion measures i n  t h e  c l i n i c  t h e  red  blood c e l l  

counts of t h e  radium workers returned t o  These protect ion ' 

measures included b e t t e r  ven t i l a t i on  ( t o  remove radium emanation); 

t h e  use of forceps, of lead-lined boxes ca r r i ed  close t o  t h e  f l o o r  i n  

s l i ngs ,  and of  lead  rubber.gloves i n  handling radium appl ica tors ;  

placement of f i l t e r s  on these  appl ica tors  by temporary workers changed 



every th ree  months; and the  use of  five-centimeter t h i ck  1ead.screens 

and s imi l a r ly  l i n e d  t a b l e s  during manipulation of t h e  appl ica tors .  

Mottram's repor t s  from the  London Radium I n s t i t u t e  were, a s  we 

s h a l l  see ,  already. having an impact i n  t h e  winter  of  1921 on t h e  

French medical rad io logica l  community; but  i n  Br i t a in  it was t h e  

death i n  March 1921 of a leading X-ray phys i c ' i k ,  I rons ide  Bruce., 

from acute  a p l a s t i c  anemia' t h a t  galvanized publ ic  reac t ion  and thereby 

generated a professional  response. 45 The moment was an espec ia l ly  

de l i ca t e  one. A public fund-raising campaign t o  e s t ab l i sh  an I n s t i t u t e  

of  Radiology had been launched i n  1 9 2 0 . ~ ~  The B r i t i s h  Association 

f o r  t h e  Advancement of Radiology and Physiotherapy (BARF' ) , which had 

been founded .in 1917, was t r y i n g  t o  maintain t h e  war-time increase ' :. 
. . . . . . 

. .  . 
: . . i n  t h e .  iniportance of  radiology' and r a i s e  the., s t a t u s  of radiology , . . . . 

.within medicine. BARP had i n  1919 convinced t h e  University of 

Cambridge t o  o f f e r  t he  f i r s t  postgraduate examination and diploma 

i n  medical radiology and electrology.  ''l It would hardly do t o  have 

t h e  p rac t i t i one r s  of a f i e l d  t h a t  was asking f o r  publ ic  support and I 
spec i a l ty  s t a t u s  dying of  i n j u r i e s  caused by t h e  too l s  of  t h e i r  I 
t rade .  The need f o r  pro tec t ion  had, i n  f a c t ,  been used a s  a 

j u s t i f i c a t i o n  of  spec i a l ty  s t a t u s .  A s e r i e s  of  newspaper repor t s  I 
on Bruce's death and t h e  dangers of  X-rays l e d  Robert Knox, a physician 

who had worked with G. W. C.  Kaye on t h e  examination of  a i r c r a f t  I 
timbers f o r  f a u l t s  using X-rays during t h e  War, t o  propose i n  a I 
l e t t e r  t o  t h e  London Times the  establishment of a committee of  I 
ph;ysicist;s, p l l y ~ i o l o g i s t s  and r ad io log i s t s  t o  report  on X-ray e f f e c t s ,  

. espec ia l ly  e f f e c t s  o n . t h e  blood, and on pro tec t ive  measures. 49 



The in tense  pressures  t h a t  members of  the  medical rad io logica l  

community were f ee l ing  a s  a r e s u l t  o f  newspaper repor t s  i n  t he  

spring of 1921 a r e  r e f l ec t ed  i n  a statement by an X-ray tube manu- 

f ac tu re r  a t  t h e  Rbntgen Society i n  Apri l :  

I would remind those present  t h a t  almost t he  only pub l i c i t y  
we ge t  i s  when someone d i e s ,  o r  swallows t h e  radium.. . . l is ten 
t o  these  headings f'rom t h e  papers of  t he  pas t  two days, 
'X-ray Dangers, a p e r i l  t o  people i n  rooms above t h e  operat ing 
chamber'; 'Per i lous X-rays, leaden screens t o  pro tec t  next door 
neighbors. '  Not a word about t h e  tens  o f  thousands of people 
whose l i v e s  have been saved by X-rays, o r  whose suf fer ings  
have been rel ieved.  I have reason t o  th ink  t h a t  c e r t a i n  papers 
a r e  de l ibera te ly  pu t t i ng  forward t h e  danger s i d e  of X-rays and 
radium, and t h a t  they w i l l  not publish re-assuring matter.  
Such a pos i t ion  wold be scarcely possi  l e  i f  t he re  were a 
Rbntgen Society propoaganda committee. 50 

Pressure from the  newspapers was a l so  c i t e d  repeatedly i n  re t rospec t ive  

. . . accounts. a s  a .reason f o r  professional.  ac t ion .  5 l  . . .. ., 

The committee t h a t  was.establ ished soon t h e r e a f t e r  under the '  
. . . .  . . . 

chairmanship of S i r  Humphrey Rolleston, President of t h e  Royal Society 

of Medicine, was f a r  from being merely a,propaganda committee, but  it was 

nevertheless  an attempt t o  defend medical radiology from what t h e  profession 

regarded a s  undue publ ic  c r i t i c i sm.  It issued i t s  f i r s t  report  i n  

June 1921 and d id  not dissolve u n t i l  t h e  1950s. Mottram's concern 

f o r  radium protect ion was incorporated along with X-ray protect ion.  

An informal cooperative venture of t h e  leading medical rad io logica l  

organizations i n  Br i t a in ,  t h i s  B r i t i s h  X-ray and Radium Protect ion 

Committee became an important forum f o r  discussion among physicians 

and nonphysicians of pro tec t ion  measures and a model' t h a t  other  

countr ies  would imi ta te .  The organizations involved included BARP, 



t h e  REntgen Society and the  Electrotherapeut ic  Section of t h e  Royal 

Society o f  Medicine, whose formation i n  1903 I had occasion t o  mention 

above. These o rgan i i a t i ons , ' a s  we s h a l l  see  Pn t h e  next chapter ,  h a d ,  

not been on good terms, and t h e i r  cooperation i n  t h e  Pro tec t ion  

Committee should be viewed as a temporary show of  uni ty  i n  response 

. . 
t o  a common t h r e a t .  

I n  France, as  i n  Br i t a in ,  t h e  e f f e c t s  of  r ad i a t ion  on t h e  

blood had been known and l a rge ly  discounted by p r a c t i t i o n e r s  as  a 

ser ious  source of concern. French b io log i s t s  had done extensive 

experimental work on these  e f f e c t s  before t h e  war. 52 When, however,, 

a French physici'an i n  1918 reminded h i s  colleagues of t h e  e a r l i e r  

death of t h e  I t a l i a n  _. . . rad io logis t  (. .. of pernicious,ane.mia, . ,  . a , l e a d i n g  
. . 

r ad io log i s t  replied: t h a t  t he  case was .an. i s o l a t e d  one and pay 'not  
. . 

have been c a k e d  by X-rays. 53 ' .In l a t e  Marci' 1921, H. ~ o r d i e r ,  

a physician and professor  of medicine a t  Lyons who had done research 

with both X-rays and radium, reported on Mottramss work t o  t h e  

French Acadmy of Medicine, claiming t h a t  radium was more dangerous 

so .far a0 e f f e c t s  on t h e  blood were concerned than  x-ray^..^' The 

Pa r i s  Radium I n s t i t u t e  had only recent ly  opened . i t s  new bui ldings,  

t h e  completion of..which had been delayed by t h e  War. There was a 

good dea l  of t a l k  about curing cancer with radium, and Curie had 

only recent ly  succeeded i n  convincing the  American publ ic  t o  buy he r  

a gram of radium p a r t l y  with t h e  promise of  progress i n  t he  f i g h t  

against  cancer. 55 It i s  not su rp r i s ing  then t h a t  t h e  repor t  on 

Mnt.t .rnmvs work b r o k k t  publ ic  C811cer~l, trna i n  response t h e  



appointment of a specia l  commission of t h e  Academy of Medicine t o  .. 

advise on the  need f o r  protect ion measurs. The rapporteur of the  

commission w a s  c l ea r  about the  importance of public pressure i n  i t s  

creation: "The well known dangers of radioactive materials and X-rays 

have f o r  some time drawn t h e  a t t en t ion  of the  public a t  la rge  i n  a 

remarkable way, and have provoked unjus t i f ied  fears.  tt56 After the  

death of Ironside Bruce, Bordier made an attempt t o ' i n t e r e s t  the  

French Society .for Medical Radiology, a group t h a t  excluded nonphysicians, 

i n  undertaking blood examinations of X-ray'workers, but here t h e  

weight of the  evidence and the  i n t e r e s t s  of t h e  profession seemed t o  

t h e  physicians t o  be against taking action. 57 ' The reply t o  Bordier 

w a s  negative: " th is  observation . [ tha t  t h e  protect ion being used i s  . 
.. . 

insuf f i c ien t . , l ' i s  perhaps t r u e  f o r  h i s  service,  but it', cannot be 
. . .  . . 

generalized without supporting evidence, under penalty of discouraging 

young radiologis ts .  tt 58 

I n  addition t o  t h e  d i rec t  public pressure, there  were o ther  

mechanisms a t  work i n  encouraging the  French medical community t o  

take radium protection measures: insurance companies and the  laws 

governing indus t r i a l  health and warkmen's copmensation. A t  l e a s t  one 

company t h a t  insured X-ray and radium c l i n i c s  f o r  l i a b i l i t y  f o r  harm 

t o  thedr own personnel and t o  v i s i t o r s  w a s  concerned with the  reports  

of e f fec t s  on t h e  blood, and a physician hastened t o  ensure the  insurers 

t h a t  there  was no r i s k  t o  pat ients  and l i t t l e  r i s k ' t o  the  personnel. 59 

A t  t h e  same time, inquir ies  from insurance companies made it c l e a r  

. tha t  it vould be desirable i f  the  medical radiological  community could 

agree on appropriate protection measures and thereby avoid the  imposi t io~ 



of even more burdensome procedures.60 So f a r  as  ex i s t ing  laws were 

concerned, France had . in  1919 extended t h e  protect ion of i t s  i n d u s t r i a l  

. . accident law t o  most occupational diseases. The medical radio logica l  

community was concerned t h a t  radium i n s t i t u t e s  not be c l a s s i f i e d  among 

the  "di r ty  industr ies" t h a t  were excluded from the  workmen's 

compensation scheme. 61 

The Br i t i sh  and French.recommendations f o r  radium protec t ion  

were i n  many respects similar.62 A s  t h e  Rtintgen Society noted, 

"The a t t i t u d e  of t h e  French]  Commission towards these  dangers is  

i d e n t i c a l  with t h a t  of  the  B r i t i s h  Committee; it i s  held t h a t  the  

tv63 dangers may be avoided by ' the adoption o f  well-recognized.precautions. 

. .  These precautions included those t h a t  Mottram had suggested. T h e ,  

Par is  .Radium ~ n s t i t u t e ,  even before t h e  'discussion a t  the  Acad+uy' o f .  
. . . . 

Medicine, had indicated i t s  willingness t o  adopt simiiar measures, 

except t h a t  t h e  French preferred l ead  screens two centimeters ( r a t h e r  

than f i v e  centimeters) th ick  f o r  t h e  t ab les  a t  which manipulations 

irere ca r r i ed  out  on t h e  radium applicetors.64 The B r i t i s h  and French 

recommendations a l so  included blood examinations f o r  the  personnel, 

and l imi ta t ions  on working hours o r  provisions f o r  addi t ional  

vacation time. The philosophy underlying the  B r i t i s h  recommendations 

was not e x p l i c i t l y  s t a t ed ,  but it was implied t h a t  with p r o p r  

precautions no harm would occur.65 The French were more e x p l i c i t :  

. . . there  is ,  as always, a threshold. We a r e  sure of  t h e  
existence of  t h i s  threshold because there  i s  of ten ,  perhaps 
always, some emanation i n  the  air t h a t  we breath,  .especia l ly  
near ce r t a in  mineral: 'springs, and these  areas a re  inhabited 
by th r iv ing  po u la t ions ;  many s i ck  people even go the re  f o r  
t h e i r  heal th.  6% 



There i s  sure ly  a threhold f o r  t he  e f f e c t  of pene t ra t ing  
rad ia t ion ,  a s  f o r  a l l  kinds' of energy, and t h i s  notion i s  
confirmed by the  f a c t '  t h a t  e 1ive~'cont inuously '  i n '  a very 
weak penet ra t ing  r a d i a t i 0 n . ~ 7  

We cannot i n  f a c t  e f f e c t  a complete suppression of penetrat ing 
rad ia t ion  i n  order  t o  ensure protect ion;  it su f f i ce s  t o  reduce 
it below t h e  hreshold f o r  t h e  harmful e f f ec t ,  and t h a t  i s  
e a s i l y  done. 68 

No attempt,  however, was made t o  ver i fy  experimentally t h a t  no e f f e c t  

occurred below..a quant i ta t ive ly  determined threshold o r  t o  design 

pro tec t ion  measures t h a t  would assure t h a t .  it was not exceeded. 

These s t eps ,  as  we s h a l l  s ee  i n  t h e  next chapter,  would be taken by 

phys ic i s t s ,  not physicians.  

The B r i t i s h  and French i n i t i a t i v e s  f o r  radium pro tec t ion  had 

<. : . . .  , counterparts . .  . i n  o ther  countr ies  a s  well .  The.deaths a t  t h e  London. 
. . 

Radium I n s t i t u t e  r a i s ed  concern about t h e  i n s u r a b i l i t y  of wqrkeri . 
. . 

i; radiology and ' inspired a 'survey of 1500 ' rad io logis t s  i n  t h e  

United S t a t e s  by the  President  of t h e  'American Radium Society,  who 

a l s o  proposed t h a t  t h e  Society appoint a .p ro t ec t ion  committee t o  

cooperate with t h e  Safety Committee of t he  American Rijntgen Ray 

Society and the  Bureau of standards.  69 This p a r t i c u l a r  proposal 

w a s  not acted on, but t he  survey of r ad io log i s t s  produced r e s u l t s  

showing few e f f e c t s  on t h e  -blood of radium and X-ray workers, an 

outcome t h a t  t h e  organizer .regarded a s  helpful  t o  r ad io log i s t s  i n  

obtaining insurance a t  reasonable r a t e s .  70 The Safety committee of 

t h e  American RGntgen Ray Society,  which had been es tab l i shed  i n  1920 

t o  recommend e l e c t r i c a l  s a f e t y  precautions following the  e lec t rocut ion  

o f  a French physician during an X-ray examination, refocussed i t s  



a t t e n t i o n  on X-ray protection.71 I n  t h e  meanwhile, an inves t iga t ion  

of  workers engaged i n  measuring samples against  t h e  radium standard 

. .  a t  t h e  Bureau of Standards was undertaken by t h e  United S t a t e s  Public 

Health Service .72 I n  Norway, t he  "alarming news" from Br i t a in  and 

the  death of  a Norwegian rad io logis t  i n  1923 .from pernicious anemia 

l e d  t o  X-ray and radium pro tec t ion  measures a t  t h e  Royal Hospital .  73 

I n  Holland, t h e  Ministry of Health s e t  up a committee concerned with 

radium a s  well  as  with X-ray pro tec t ion ,  and i n  t h e  Soviet  Union the  

Radiological Congress estabished a pro tec t ion  committee; 7 4 

Germany i s  conspicuously absent from t h i s  l i s t  of count r ies  i n  

which ac t ion  was taken on radium pro tec t ion .  X-ray pro tec t ion  continued 

. . t o  recei.ve t h e  a t t en t ion  of  t h e  German R8ntgen Society,  whi,ch i n  l92? . . 
. .  . . . . . . . .. . 

. . 
.... . beg* extensive survey of  cases of  i n j u r y e T 5  I n  1924, t h e  Society , 

' 

, .  .. . . . 

adopted severa l  "guidelines" f o r  work with x-rays t h a t  r e i t e r a t e d  
. 

the '  physician 's  ob l iga t ion  t o  provide f o r  pro tec t ion ,  suggested t h e  

use of a . 5  mm aluminum f i l t e r  i n  radiography, and emphasized t h a t  

dose measurements were indispensable .76 The RBntgen Society had 

e x p l i c i t l y  extended i t s  purview t o  medical uses of rad ioac t ive  

substances,  which i n  any case had long appeared as  a subjec t  a t  t h e  

annual congresses. Radium did not ,  however, have t h e  publ ic  v i s i -  

b i l i t y  i n  Germany t h a t  it had i n  o the r  count r ies ,  and i t s  prospects 

as  a therapeut ic  agent do not appear t o  have exc i ted  p o p d a r  i n t e r e s t .  

The deaths a t  t h e  London Radium I n s t i t u t e  did not exc i t e  i n t e r e s t  

e i t h e r ,  and Germany thus lagged i n  professional  a c t i v i t i e s  concerned 

v-i tali rnili1.m ~ r o t o o t i o n ~  
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Chapter 6: ~ n t e r n a t i o n a l  Standards: t he  Rbntaen and t h e  Tolerance 
Dose, 1925-34 

The race is  t o  t he  s w i f t  and the  Hun w i l l  t ake  the  hindmost. 

-- G. . . W .  C. Kaye (D.  Sc . ) ,  i n  h i s  P re s iden t i a l  Address t o  
, t he  RBntgen Society,  November 1917~ 

This Congress was not only a congress of  s c i e n t i s t s ,  no, 
it was an assembly of nat ions.  

--Gosta Fo r se l l  (M.  D.), a t  t h e  closing of t h e  F i r s t  
In t e rna t iona l  Congress of Radiology, London, J u l y  1 9 2 5 ~  

Before and during World War I, inedical radiology had managed 

without recourse t o  co l l ec t ive  decisions taken on t h e  in t e rna t iona l  

level. .  The seven In t e rna t iona l  Conferences of  Medical Radiology 

and Electrology held between 1900 and 1914 were simply meetings a t  

. . . . '  ' which individual  speakers del ivered papers t o  audiences organized 
. . . . 

. . 
,.. , . .  

i n  sec t ions  according t o  t h e i r  ' . in te res t s .  - Such conferences 

unquestionably inf luence professional  standards and behavior, but 

they do so through t h e  give and take among individuals .  There i s  

another kind of  conference a t  which co l l ec t ive  decisions a s  well 

as  scholar ly  meetings of t h e  sect ions a r e  a ma jo r . ac t iv i ty .  A t  

these  conferences, committees a r e  appointed t o  study p a r t i c u l a r  

problems, plenary sessions pass formal reso lu t ions ,  and an executive 

committee is of ten  required t o  manage t h e  flow of decis ions.  Before 

t h e  War, t h i s  l a t t e r  s o r t  of profess iona l  a c t i v i t y  had been limite'd 

t o  t h e  na t iona l  medical rad io logica l  orgnizat ions.  I have had 

occasion i n  previous chapters t o  mention some of t h e  decisions 

taken,  espec ia l ly  i n . t h e  German and B r i t i s h  Rantgen Socie t ies .  



Forma1,decisionmaking of this type on the international level 

might be viewed as an entirely natural development growing from 

the inherently international character of science and medicine and 

the belief in the objective character of knowledge. In this view, 

science and medicine are, except for minor aberrations; immune to 

nationalist appeals. Recent studies suggest, however, that the 

internationalist ethic of science often does not account for the 

actual behavior of scientists vis-2-vis their colleagues in other. 

countriesa3 Instead, it has been suggested that cooperative 

efforts grow from competitive, and often nationalistic, motives. 

The function of international cooperation in this newer view is to 

provide a basis for further competition. In .the account I shall 
. . . . . , . . .  . . . . 

' ' offer here of international cooperation on radium and X-ray +its 
. . 

. . . . and standards, we shall see that.; as Forman has put it in another 

context, "in many cases 'cooperation' and 'competition' are not 

behaviorally.antithetic, and therefore need not be ... motivationally 
antithetic."' The point can also be stated positively, as Forman 

has also suggested: cooperation can depend on competition, and 

competition can in turn depend on cooperation.5 

In addition to illustrating the causal relationship between 

nationalistic competition and international cooperation, the develop- 

ment of international standards in medical radiology will reveal a 

causal relationship between conflict within national communities and 

international cooperation. Even when inspired by nationalist goals, 

a professional community does not necessarily find itself unified 

in all respects. In medical radiology, differences between physicians 



and nonphysicians had long been evident ,  and as we s h a l l  see  t hese  

groups s p l i t  f u r t h e r  once phys i c i s t s  and physician-special is ts  

s t a r t e d  emerging as small but aggressive subgroups. As minor i t ies ,  

such subgroups face ser ious  d i f f i c u l t i e s  i n  having t h e i r  claims 

t o  spec i a l  s t a t u s  recognized; t h e i r  superior  academic c redent ia l s  

may hinder more than help. The majority i n  a professional  community 

o f t en  resents  e f f o r t s  t o  e s t a b l i s h  subgroups with higher  s t a t u s  

and with power t o  impose standards of  behavior t h a t  many members 

may f ind  it d i f f i c u l t  t o  meet. Appealing t o  i n t e r n a t i o n l  cooperation 

i s  one of t he  s t r a t e g i e s  t he  minority subgroups use i n  outf lanking 

domestic opposition. Bet te r  represented a t  i n t e rna t iona l  meetings 

and more aggressive i n  pursuing agreement with t h e i r  col leagues,  . .  . ' .  : 

i n  other- .countr ies ,  t he  phys ic i s t s  and physician-special is ts  could 
. . 

achieve inf luence on t h e  in t e rna t iona l  l e v e l  t h a t  was not s o  readi,ly 

ava i lab le  t o  them within na t iona l  medical rad io logica l  organizat ions.  

Before considering i n  d e t a i l  t h e  development of i n t e rna t iona l  

cooperation a f t e r  World War I ,  l e t  us t u r n  b r i e f l y  t o  t h e  pre-War 

establishment of an in t e rna t iona l  radium standard, which I mentioned 

b r i e f l y  i n  Chapter 3.  The s t o r y  of  t h i s  standard i l l u s t r a t e s  t he  

c lose  re la t ionship  between competition and cooperation, and thus 

foreshadows the  l a t e r  development of  X-ray standards.  

For a decade a f t e r  t h e  discovery of radium, phys i c i s t s  and 

chemists managed.without any formal i n t e rna t iona l  cooperation i n  

s tandardizing measurements. Each laboratory kept a small radium 

standard of i t s  own i n  order  t o  determine prec ise ly  t h e  a c t i v i t y  of 

i t s  radioact ive samples i n  terms of  t h e  a c t i v i t y  of a given weight 
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of radium. I f  problems arose,  standards were exchanged among 

labora tor ies  and checked against  each o ther .  I f  a new research 

group needed t o  e s t ab l i sh  a standard, a member of t he  group went 

t o  a leading laboratory and compared a highly pu r i f i ed  sample of 

radium s a l t  with t he  sample kept as  a standard there .  In  Br i t a in ,  

t h i s  decentral ized system had become more formal than elsewhere 

a f t e r  an e f f o r t  t o  e s t ab l i sh  an X-ray standard by comparison with 

a given amount of radium l e d  a Standards1 Committee of t h e  Rijntgen 

Society i n  1908 t o  define t h e  ion iza t ion  produced by t h e  gamma rays 

from a pure one milligram sample of radium bromide a f t e r  passage 

through a one centimeter t h i ck  lead  sh i e ld  as  t h e  "Unit of Radio- 
. . 

ac t iv i ty ."6  Though t h i s  un i t  never served t h e  i n i t i a l  of 

X-ray .standardization, but was, used only i n  radium work, radium 
.. . ' . .. 

standards were prepared, compared with the  standard of Rutherford 
. . 

and ~ d l t w o o d '  (which h a d  i n f d m l y  served t h e  purposes of t he  

physical  labora tor ies  u n t i l  then)  and deposited i n  t h e  National 

Physical Laboratory. There was, however, s t i l l  no formal means 

o f . e s t ab l i sh ing  whether the  B r i t i s h  standards were t h e  same.as those 

used i n  other  countr ies .  

The informal system of radium standardizat ion s t a r t e d  coming 

apar t  i n  1909 when Otto B r i l l ,  an Austrian working i n  t he  laboratory 

of S i r  William Ramsay, one of t h e  leading English radium chemists, 

challenged Marie Curie 's 1907 determination of t he  atomic weight of 

radium. Cr i t i c i z ing  Curie f o r  not checking f o r  impuri t ies  o ther  

than barium, B r i l l  claimed t h a t  with improved pu r i f i ca t ion  he had 

determined an atomic weight of 228.5 r a t h e r  than Curie1 s 226.2. 



Rutherford, who had pa r t i c ipa t ed  i n  t he  RSntgen Society Standards' 

Committee, was s u f f i c i e n t l y  concerned t o  compare h i s  own standard 

with samples obtained from other  countr ies .  He. found a sample sent  

by Curie t o  be 9 .per cent lower i n  a c t i v i t y  than h i s  own, and o ther  

samples were low by a s  much a s  20 per  cent.8 'The p u r i t y  of  a radium 

sample r e f l ec t ed  d i r e c t l y  on t h e  s k i l l s  o f  i t s  producer, so  a t  

s take  w a s  t he  na t iona l  and professional  pr ide  of radium research 

workers . i n  England, France, Austr ia ,  and probably o ther  countr ies  as  

wel l .  

~ l k o  a t  s take  was t h e  c.apacity t o  continue s c i e n t i f i c  and medical 

research with radium on an in t e rna t iona l  bas i s .  The pu r i ty  and 

atomic weight of radium had 'a  d i r e c t  impact on s c i e n t i f i c  questions 

, ' ' l i k e  det,ermining t h e  charge of an alpha p a r t i c l e ,  on medtcal questions 
.. . 

. . . . 

, 
. . l i k e  t he  amount of radium t o  use - i n  reprbducing the  therapeut ic  . . 
. . . . . . 

r e s u l t s  of o ther  c l i n i c s ,  and on commercial questions l i k e  the  

value of radium from d i f f e r e n t  sources.  Phys ic i s t s  had faced d i f f i -  

c u l t i e s  of t h i s  s o r t  before.  They had been solved by es tab l i sh ing  

in t e rna t iona l  standards l i k e  the  meter and kilogram kept a t  t he  

In t e rna t iona l  Bureau of Weights and Measures a t  Szvres o r  by 

ca re fu l ly  defining the  prec ise  conditions under which a physical  

un i t  should be measured, as  i n  t h e  in t e rna t iona l  de f in i t i ons  of t he  

un i t  of e l e c t r i c a l  res i s tance  ( t h e  ohm) adopted i n  t h e  1880s and 1890s. 9 

Taking t h e  l ead  i n  promoting in t e rna t iona l  s tandardizat ion,  Rutherford 

was ca re fu l  t o  avoid any reference t o  Curie 's  sample and any 

i d e n t i f i c a t i o n  o f  t h e  others  t h a t  had not agreed with h i s  own. 

Publ icly,  he agreed with t h e  view " tha t  no one e l s e  should be ca l l ed  

on f o r  t he  important work of furnishing a radium standard than 

Mme. Curie, t h e  discoverer of radium. "10 Rutherford a l so  emphasized 



t h a t  t he  needs of science, medicine and commerce converged, leaving 

t o  t h e  imagination of h i s  readers the  d i f f i c u l t i e s  i n  continuing 

competitive e f f o r t s  i n  all three  f i e l d s  i f  agreement was not 

11 reached on, a radium standard. 

Agreement was reached by 1912, though not without manifestation 

of t he  s t rong na t iona l  fee l ings  t h a t  t h e  question of s tandardizat ion 

' aroused. A t  the  In te rna t iona l  Congress of Radiology and E lec t r i c$ ty ,  

a meeting of  the s c i e n t i f i c  rad io logica l  community i n  Brussels i n  

1910, there  were proposals f o r  standards and comparison methods 

from ~ n g l a n d ,  France and ~ e r m a n ~  .12 Amid t h e  chaos of t he  poorly 

organized and h i g h ' s p i r i t e d  meeting, t he re  emerged under Rutherford's 

guidance an agreemgnt t h a t  Curie would prepare a radium standard t o  

. . . . .  . be c e r t i f i e d .  by an In te rna t iona l  Radium.Standards Coquittee with a 
. . . . . . . . 

,.. . . 
maximum of two ,physicis ts  represent ing each . . country. , .The amount 

of radium emanation i n  equilibrium with one gram of radium was 

defined as  t h e  Unsure of t h e  hea l th  and the  competence 

of Curie, Rutherford encouraged th'e Viennese phys ic i s t  Stefan Meyer 

t o  prepare an addi t iona l  standard. Curie 's  work was delayed, but 

l e s s  by her  chronic i l l n e s s  than by t h e  scandal over her  a l leged  

a f f a i r  with t he  married phys ic i s t  Paul langevin.14 Early i n  1912, 

however, t h e  s tandardizat ion was completed t o  everyone's s a t i s f ac t ion :  

Curie 's  s tandard and Meyer's were found t o  be i n  very close agreement 

using a comparison method invented by Rutherford and h i s  student 

James chadwick.l5 Competition i n  s c i e n t i f i c  and medical work with 

radium could continue on f i rm ground. 



By the  end of t h e  War, n a t i o n a l i s t  fee l ings  were much higher 

than they had been a t  t h e  time of t h e  radium standardizat ion,  and 

nationalism would play a  major ro l e  i n  achieving X-ray s tandardizat ion.  

I n  addi t ion  t o  the  mater ia l  disrupt ions discussed above, t h e  War 

brought in tense  anti-German fee l ings  t o  t he  rad io logica l  communities 

i n  A l l i ed  countr ies .  I n  t h i s  respec t ,  both physicians and phys i c i s t s  

shared i n  t he  popular resentment of Germany. 

Any r e s t r a i n t  they may have f e l t  because of t h e  i n t e r n a t i o n a l i s t  

e t h i c  of science and medicine was short- l ived.  The organizers  of 

t he  seventh In t e rna t iona l  Congress of  Medical Radiology and Electrology, 

which had taken place i n  Lyons on t h e  eve of t h e  pre-War mobilization 

i n  Ju ly  1914, delayed d i s t r i bu t ion  of t he  Proceedings f o r  n a t i o n a l i s t  

reasons : . . 
. . . . . . 

. .. . . . insp i red .by  a .  thought wh.ich each of us ' w i l l  f i nd  dchoed i n  
himself,  t h e  Minister of War has aske.d.. . t h a t  t h e  d i s t r i b u t i o n  ' 
of t he  volume be postponed u n t i l  t h e  end of t he  h o s t i l i t i e s  
i n  order  t o  avoid t h e  i l l - t imed publ icat ion of severa l  German 
papers contr ibuted t o  t h e  Congress, which a r e  i n  any case of 
l i t t l e  consequence . l 6  

A l l i ed  s c i e n t i s t s  and physicians of ten  j u s t i f i e d  anti-German comments 

and a c t s  by reference t o  German nationalism. Physicians i n  A l l i ed  

countr ies  s t rongly resented the  Prussian Ministry of War order 

prohib i t ing  t h e . d i s t r i b u t i o n  of medical journals beyond Germany, 

even though it was not s t r i c t l y  enforced. In  France, a  war-time 

review of t he  German medical rad io logica l  l i t e r a t u r e  based on 

mater ia l s  obtained from neu t r a l  countr ies  r e f e r r ed  t o  t h e  Germans 

as "boches," denounced Christen as  a  "despicable renegade" f o r  leaving 

Switzerland t o  work i n  Germany, and concluded--after quoting an t i -  , 

French comments from a German journal--that' "the German mental i ty  i s  



furthermore something very extraordinary and remains incomprehensible 

f o r  us i n  t h e  baseness and crudeness of i t s  processes and i t s  

conceptions. lt17 In  Br i t a in ,  t h e  physician-controlled Archives of 

t h e  RBntgen Rax changed i t s  name i n  1915 t o  t he  Archives of Radiology 

and Electrotherapy t o  r i d  i t s e l f  of t h e  t a i n t  of t h e  German professor  

who had signed a n a t i o n l i s t  Proclamation i n  1914 and who had donated 

h i s  gold Rumford Medal, given t o  him by the  Royal Society i n  1896, t o  

what t he  Al l i e s  considered a n a t i o n a l i s t  cause, t he  German Red Cross. 18 

The Rijntgen Society removed Riintgen, and two o ther  Germans, from i t s  

l i s t  of honorary members and considered a change i n  name i n  order 

t o  remove " a l l  t a i n t  of Germanism from the  Society," a s  G. W. C .  Kaye 

put it. Even t h e  arguments against  t h e  'proposed change were couched 

i n  s t rongly anti-German t e ~  . Riintgen, it was noted, ,was ''of . 
. . .  . . . . . . 

Dutch or ig in"  ,(his 'moth'er was ~ u t c h ) ,  and changing the  n'ame 'of 
- .  . . . . .  
. .. 

. .  . 

t h e  Society was " ra ther  too  c lose ly  cha rac t e r i s t i c  of learned German 

professors.  ... t o  imi ta te .  "I9 I n  I t a l y ,  France and England, committees 

were organized during t h e  War t o  f i gh t  against  post-War domination 

of the s c i e n t i f i c  and medical instruments industry by German manu- 

fac turers .  20 

Boycotts of German manufacturers were general ly  unsuccessful 

a f t e r  t h e  Armistice, but o ther  anti-German e f f o r t s  continued. The 

few s m a l l  B r i t i s h  X-ray equipment manufacturer's f a i l e d  t o  amalgamate 

s o  t h a t  they could compete with the  l a r g e r  German f i rms,  arid German 

products once again began t o  dominate t h e  Br i t i sh  market desp i te  a 

one-third tax imposed by t h e  Safeguarding of Indus t r ies  Act i n  1921. 21 



I n  t h e  privacy of t h e i r  order  forms, and with t h e  qua l i t y  of t h e i r  

equipment important t o  . t h e  success of t h e i r  p rac t i ce s  and the  s a f e t y  

of  t h e i r  bodies,  B r i t i s h  r ad io log i s t s  apparently f a i l e d  t o  heed 

the  demands of nationalism. These demands, however, continued t o  

inf luence the  more publ ic  a c t i v i t i e s  of t h e  medical rad io logica l  

community. Germans were excluded from many s c i e n t i f i c  and medical 

meetings i n  A l i i ed  countr ies  i n  t h e  ea r ly  1 9 2 0 s . ~ ~  Medical radio- 

l o g i s t s  pa r t i c ipa t ed  i n  t h i s  so-called "boycott ," which has been 

described elsewhere.23 In  1920 and i n  1922, "bi l ingualf1 confe.rences, 

conducted i n  English and French, were he ld  Pn Antwerp a n d  i n  London. 

The exclusion of t he  Germans was not j u s t i f i e d  by a deni'al of t h e  

in t e rna t iona l  charac te r  of science and medicine, but  r a t h e r . o n  personal 

. .  . 
. grounds: '. 

, . 

. .. 

. . . . We frequent ly hear  t he  remark t h a t  sdience ' is int'erriat i ona l  
. .  . i n  i t s  a i m s  and objec ts ,  a n d  the re"a re  few who would d issent  

from t h i s  view, but  we never i n t e rp re t ed  t h i s  as  meaning 
t h a t  s c i e n t i s t s  a r e  devoid of personal fee l ing .  We can read 
any s c i e n t i f i c  publ ica t ions ,  including those of German 
authors ,  without memories of  t h e  w a r  being thereby evoked, 
but a Congress i s  e s s e n t i a l l y  a personal and f r i end ly  matter ;  
we think t h e  time w i l l  come f o r  i n t e rna t iona l  gree t ings ,  but  
t h a t  it has not ye t  arrived.24 

The post-war exclusion of the  Germans from professional  meetings 

d id  not requi re  government ac t ion ,  and in so fa r  as  government r u l e s  . 

did  a f f e c t  t hese  meetings t h e  Al l i e s  were not exempt. The 1922 

b i l i ngua l  conference in.London had o r i g i n a l l y  been scheduled f o r  

1921, but  "the adverse exchange, and t h e  -absurd regulat ions as  t o  

passports  and cos t ly  visas" made it d i f f i c u l t  f o r  t h e  French and 

Belgians t o  . a t tend  .and caused a .postponement. 25 



Despite t he  disavowal of prejudice i n  evaluat ing t h e  technica l  

l i t e r a t u r e ,  recept ion of  German innovations i n  Br i t a in  and i n  France 

w a s  cool,  'and i n  t he  case of the  Erlangen technique . the  Al l i e s  were 

of ten  outwardly h o s t i l e  and n a t i o n a l i s t .  News of t he  Erlangen 

technique reached t h e  B r i t i s h  publ ic  i n  mid-1921 through newspaper 

repor t s  insp i red  by the  West London Hospital ,  which had purchased 

German apparatus f o r  ileep therapy. Provoked by a favorable 

e d i t o r i a l  i n  The Lancet ( ~ r i t a i n ' s  leading medical weekly), BARP 

issued a warning against  t h e  Erlangen technique and i t s  exaggerated 

claims. 26 BARP feared t h a t  "public disappointment" from "unfu l f i l l ed  

promises" would d i sc red i t  radiotherapy. I n  France, t he  Erlangen 

technique was quickly i d e n t i f i e d  as t he  "German" method and contrasted 

with the  super ior ,  ."French"'method.of . l e s s  in tense  exposures and . . . 

~ b r e  ~ i t t i n g s . ~ ?  I n  t h e  treatment of u te r ine  fibrqmas, t h e  French 
. . . . . .  . . . 

method a l s o  differed '  i n  i r r a d i a t i n g  not only the  ovar ies ,  but a l so  

t h e - u t e r u s  i t s e l f  because Antoine B&lZre, t he  leading French 

advocate of radiotherapy i n  gynecology, believed t h a t  i r r a d i a t i o n  

had a d i r e c t  e f f e c t  on t h e  tumor.28 Some o f  the  B r i t i s h  and.French 

object ions were s imi l a r  t o  those t h a t  German c r i t i c s  had put forward: 

t h e  Erlangen technique was more dangerous because it could not be 

disconrinuedwhen t h e  f i r s t  s ign  of an adverse reac t ion  appeared, and 

it was overly schematic. As Bgclgre put it: "The judicious employ- 

ment of a p l i a b l e  method which can be adapted t o  t h e  exigencies of 

each p a r t i c u l a r  case i s  p referab le  t o  t h e  b l ind  acceptance of a 

uniform formula; but a f t e r  a l l ,  we must i n s i s t  t h a t  t he  rad io therapis t  

be not only an able  technician,  but  a l so  an exce l len t  ~ l i n i c i a n . " ~ g  



I n  addi t ion t o  t h e i r  obje'ctions t o  the  Erlangen technique a s  

excessively dangerous and schematic, t h e  B r i t i s h  thought t h a t  t h e  

Germans .misunderstood t h e  mechanism of t h e  therapeut ic  act ion of  

r ad i a t ion  aga ins t  cancer. The Germans aimed t o  k i l l  t h e  cancer 

c e l l s .  The B r i t i s h  thought t h i s  goal  unat tainable  and perhaps even 

counter-productive, a s  wel l  as  dangerous because it required such 

high doses. A B r i t i s h  physician had suggested i n  1907 t h a t  X-rays 

and radium, could s t imulate  t h e  body's na tu ra l  defenses against  

cancer.30 This notion gained support with the  

discovery i n  1911 i n  t h e  United S t a t e s  of a t ransmissible  sarcoma 

of fowls. 31 Cancer appeared t o  be a t ransmissible  disease.  X-rays, 

however, did not have any marked e f f e c t  on known disease micro- 
. . 

. .. 
. . , ' . . organ'$sms. 1t . . i s  known today t h a t  rad ia t ion  supp&sses ' t he  i&une 

response, but most, B r i t i s h  r ad io log i s t s  by t h e  end of t h e  War probably ' 

bel ieved t h a t  t h e  purpose of r ad i a t ion  therapy was not  t o  k i l l  t h e  

cancer c e l l s  o r  microorganisms d i r e c t l y ,  but r a t h e r  t o  s t imulate  

immunity with sho r t ,  repeated doses. 3* The in tens ive  therapy used 

at .Erlangen was, from t h i s  point  of  view, e n t i r e l y  misconceived. 

B r i t i s h  rad io logis t s  could be openly h o s t i l e  toward t h e  

Erlangen technique, but  once brought t o  publ ic  a t t e n t i o n  t h e  German 

claims were d i f f i c u l t  t o  ignore. A t  s take  appeared t o  be no l e s s  

than a cure f o r  cancer. There was publ ic  d i s s a t i s f a c t i o n  i n  Br i ta in  

with t h e  twenty-year-old Cancer Research Fund, and a more a c t i v i s t  

Anti-Cancer League had been es tab l i shed  t o  promote ea r ly  diagnosis 

and treatment.  33 Hospitals found it r e l a t i v e l y  easy t o  r a i s e  funds 

f o r  t he  s o r t  of high-voltage X-ray equipment t h a t  t he  Erlangen 



technique required. The Bradford Royal Infirmary received a 

1000-pound donation from a "yarn and s t u f f "  merchant i n  t h e  summer 

of 1921 f o r  i t s  equipment, ,and BARP i t s e l f  received an. anonymous 

donation of 4000 pounds, intended i n  p a r t  t o  send someone t o  Erlangen. 34 

By t h e  end of  1921, Wintz found t h a t  t he  l a r g e  number of foreign 

v i s i t o r s  was hampering the  work of t h i s  c l in ic .35  Many of t h e  v i s i t o r s  

returnedrfrom Erlangen with favorable repor t s .  Especial ly  impressive, 

and unknown i n  c l i n i c s  outs ide Germbny, were the  prec ise  ion iza t ion  

measurements. One B r i t i s h  physician was impressed with t h e  " s c i e n t i f i c  

method," and another reported t h a t  " the whole process i s  mathematical 

and accurate .  11 36 

The e a r l i e r  h o s t i l i t y  toward the  Erlangen technique and the  

continuing enmity toward t h e  Germans heightened the  impact of these 
. . , . 

. . .  . . . favorable repor t s  and exci ted competitive : e f fo r t s .  The French 
. . .  . . . . . . '  

. . 

adopted sniall, graphi te- l ined chambers ' l i k e  those .Krinig and . . 

Fr iear ich  had used, but ins tead  of s tandardizing against  a l a rge r  

ion iza t ion  chamber t he  French adopted a simpler procedure. 

I s e r  Solomon, a physician with a degree i n  physics,  proposed i n  1921 

using t h e  rad ia t ion  from one gram of radium f i l t e r e d  through one-half 

mil l imeter  of  platinum and placed a t  a dis tance of two centimeters 

from t h e  ion iza t ion  chamber. Ignoring the  d e t a i l s  of t h e  German 

research on ion iza t ion  methods t h a t  I have discussed above, French 

physicians regarded t h e  amount of ion iza t ion  produced under these  

s tandard conditions a s  a uni.t of dosage, which Solomon dubbed the  

"rijntgen.," The French assumed t h a t  t h i s  un i t  could be used to. 

compare ,X-rays of d i f f e r en t  qua l i ty .  37 I n  Br i t a in ,  t he  image of 



foreigners  moving ahead was used t o  goad the  profession,  and t o  

j u s t i f y  buying German apparatus: 

Our f r iends  and r i v a l s  a r e  wide enough awake t o  the  neces s i t i e s  
of t he  work and a r e  working s t renuosly with more powerful 
apparatus than we employ--such a s t a t e  of things cannot be 
allowed t o  continue--we must have t h e  apparatus wherever it 
i s  made. 38 

The campaign f o r  an I n s t i t u t e  of  Radiology, which we have mentioned 

above, was d i r e c t l y  l inked t o  t h e  e f f o r t  t o  catch up with t h e  

Germans i n  deep therapy, but here there  was an even more e , ffect ive . 

goad avai lable:  

Let us take  an example from Russia...two new I n s t i t u t e s  have 
been inaugurated a t  Petrograd. One of these  i s  an I n s t i t u t e  
of  RGntgenology and Radiology.. . . I n  t h e  midst of t h e  
upheaval--the l i k e  of which t h e  world has never seen--Bolshevik 
Russia can e rec t  an I n s t i t u t e  of Radiology. Are we i n  

: . . - Bri,tain going t o  be outdone'in a matter of  s c i e n t i f i c  research : . .  
. .  . . . ~. by ~ u s s i a ? 3 9  . . 

. . 
- Competition with t h e  Germans and t h e  Russians was a s trong stimulus.  .. . 

I n  addi t ion t o  t h i s  ex terna l  competition y i t h  fore igners ,  t he re  

was an i n t e r n a l  c o n f l i c t  among B r i t i s h  medical radiologi.ca1 

organizations t h a t  eventually came t o  bear  on t h e  question of i n t e r -  

na t iona l  cooperation. The s e t t i n g  of t h e  Cambridge examination i n  

1920, and the  organization i n  t h e  same year of a Society of  Radio- 

graphers t h a t  pledged i t s  membership t o  p rac t i ce  only under t he  

supervision of physicians,  f u l f i l l e d  BARPts i n i t i a l  goals  of  physician 

cont ro l  and spec i a l ty  s t a t u s .  BARPts leadership feared t h a t  t he  

organizat ion might d r i f t  i n t o  competition with t h e  Electrotherapeut ic  

Section of t h e  Royal Society of Medicine (an organizat ion under t he  

exclusive cont ro l  of physicians)  and with t h e  RGntgen Society 



(where physicians and nonphysicians pa r t i c ipa t ed  on an equal foot ing) .  

Amalgamation with t h e  Electrotherapeut ic  Section was out  of t he  

question because the  Royal Society of Medicine could not permit 

" a c t i v i t i e s  of a medico-polit ical nature," which were BARP's primary 

i n t e r e s t .  The Council of BARP, which was dominated by physicians 

i n t e r e s t e d  i n  radiology as  a spec i a l ty ,  therefore  decided t h a t ,  

provided an independent medical sec t ion  could be maintained, 

amalgamation with the  Rijntgen Society would be des i rab le .  The rank 

and f i l e  membership of BARP, which included many general p rac t i t i one r s  

opposed t o  joining with a soc ie ty  composed i n  l a rge  p a r t  of "laymen," 

defeated t h e  Council 's proposal. Discredi ted,  t h e  Council was 

enlarged, and BARP incorporated as  a l e g a l  e n t i t y  f o r  t he  f i r s t  
, . 

, . . timi , . i n  1g2i.40. . . ' . . .. . 
. . . . 

.... The Bri t ish.  Rijntgen Soci.ety , i n  t h e  meanwhile, was ., undergoing . , . .. . . . . . . .  

important changes and began as  a r e s u l t  t o  b id  f o r  a s t ronger  ro l e  

i n  medical radiology. As i n  Germany, t h e  War had brought more 

academically t r a ined  phys ic i s t s  i n t o  what came t o  be ca l l ed  "appliedf' 

research,  and i n t o  the  Rijntgen Society.  Though t h e i r  numbers were 

s t i l l  s m a l l  r e l a t i v e  t o  t h e  t o t a l  membership, which increased 

dramatically a s  t h e  X-ray operators t r a ined  f o r  mi l i t a ry  serv ice  

joined, the  phys ic i s t s  were well-represented on t h e  Council of t he  

Rbntgen Society; a f t e r  1916 t h e  post  of President  a l t e rna t ed  between 

physicians and academically t r a ined  phys ic i s t s .  'l Some of these  

phys i c i s t s  had only tenuous connections with medical radiology and 

pa r t i c ipa t ed  i n  t he  Rdntgen Society sporadical ly ,  but there  xas..a 

small  group whose professional  i n t e r e s t s  focussed increasingly on 



t h e  medical appl icat ions of X-rays and radium. G. W. C. Kaye, 

who h*d been t r a i n e d  under J. J. Thompson, became head of t he  

rad io logica l  u n i t  a t  t h e  National Physical Laboratory, where a c t i v i t i e s  

had been expanded beyond custodianship of t h e  B r i t i s h  radium 

standard t o  include t e s t i n g  of X-ray pro tec t ion  mater ia l s  and 

s tandardizat ion of X-ray measurements. Sidney Russ, another 

phys ic i s t  t .rained under J. J. Thomson, occupied a newly endowed 

pos i t i on  a t  the.Middlesex Cancer Hospital .  J. A. Crowther, 

University Lecturer i n  Physics Applied t o  Medical Radiology a t  

Cambridge, taught t h e  physics sec t ion  of  t h e  course f o r  t h e  Diploma 

i n  Medical Radiology and ~ l e c t r o l o ~ .  These academically t r a i n e d  

phys ic i s t s  did not make t h e i r  l i v ings  p rac t i c ing  medical radiology, 

. . .  
and they were . ' therefore not . i -~  d i r e c t  competition with physi,cians. 

.. 

On t h e  whole, t h e  phys ic i s t s  s-upported. the.  physici.ans i n .  thleir e f f o r t s  ' , .. , . 

t o  gain supervisory cont ro l  over rad io logica l  p rac t i ce  and i n  t h e i r  

campaign f o r  spec i a l ty  s t a t u s .  The phys ic i s t  J. W. Nicholson, who 

as a student i n  1901 and 1902 had worked a s  a medical r ad io log i s t  

a t  t he  Cancer Hospital  i n  Manchester, i n  h i s  P re s iden t i a l  Address 

t o  t he  R6ntgen Society i n  1922 r e fe r r ed  t o  

... t h e  anxiety we share with t h e  medical profession t h a t  
operators en t rus ted  with such work must have a medical 
qua l i f i ca t ion . .  .I can only say t h a t ,  as  a physicis t . ,  I am 
i n  t h e  most compl t e  sympathy with my medical colleagues 
i n  t h i s  matter .  . . t2 
While supporting physician cont ro l  of rad io logica l  p rac t i ce ,  

t h e  phys ic i s t s  were a l s o  acutely aware of t he  shortcomings of t h e i r  

.physician colleagues i n  maintaining adequate X-ray and radium 

prot.ectien. kaye had btcoue aware of rhe &i ' f icu l t ies  i n  pro tec t ion  



during t h e  War, when h i s  un i t  a t  t h e  National Physical Laboratory 

checked l ead  g l a s s  and other  mater ials  and found them very var iab le  

i n  qua l i ty .  I n  i ts  second memorandum, issued i n  December 1921, 

t he  B r i t i s h  X-ray and Radium Pi-otection Committee, of'which Kaye 

was a member, recommended t h a t  t h e  National Physical Laboratory 

check t h e  physical  layout of X-ray c l i n i c s ,  t h e i r  p ro tec t ion  devices 

and t h e i r  e l e c t r i c a l  measuring i n ~ t r u m e n t s . ~ ~  Nicholson reported 

t h e  disappointing r e s u l t s  t o  t he  RSntgen Society: 

t he  NPL...has examined a l a rge  number of X-ray departments 
i n  various hosp i t a l s ,  and almost invariably found t h e i r .  
equipment as  regards pro tec t ive  appliances i s  by no nieans 
sa t i s f ac to ry . .  . the question i s  e s s e n t i a l l y  an in t e rna t iona l  
one. . . I  cannot say too  s t rongly t h a t  though t h e  inves t iga t ion  . 

of X-ray phenomena from t h e  point  of view of t he  pa t i en t  i s  
of necessi ty  t h e  fundamental a c t i v i t y  of our medical members, 
it i s  v i t a l ,  i n  view of the  new dangers which a r i s e  from 
radia t ions  now i n  use, t h a t  operators  . . should. have some. concern 

4 4. . . 
f o r  t h e i r  own welfare.. 

,.. . . 
,Nicholson, Kaye, Russ and o the r ' phys i c i s t s  i n  t he  RBntgen Society ' 

,saw the  so lu t ion  t 6  protect ion problems, and a l s o  the  s o l u t i o n ~ t o  

the  problem of competing with the  Germans, i n  c loser  cooperation 

between t h e  s c i e n t i f i c  and medical s ides  of t h e  rad io logica l  

community. The Journal  of t h e  RSntgen Society had deplored the  

founding of the  Society of Radiographers i n  1920 a s  a s t e p  i n  t h e  

wrong d i r ec t ion ,  and it had pleaded f o r  amalgamation of all the  

rad io logica l  organizations i n t o  a s ing le  na t iona l  e n t i t y :  

I f  unreasoning prejudice could be swept away, a powerful 
B r i t i s h  Society of Radiology (with a t r u l y  representa t ive  
journal)  could well  look a f t e r  t h e  combined i n t e r e s t s  of 
t h e  R6ntgen Society,  t h e  Electrotherapeut ic  Section of 
t h e  Royal Society of  Medicine t h e  B. A. R .  P . ,  and t h i s  
new Society of   radiographer^.^? 

This amalgamation would eventually be achieved, but only a f t e r  a 

complex s e r i e s  of negot iat ions t h a t  culminated i n  1927. 



The major i s sue  i n  t h i s  c o n f l i c t  over amalgamation w a s  

physician cont ro l  over rad io logica l  p rac t i ce ,  and t h e  discussions 

on amalgamation t h a t  'began i n  1924 between t h e  RZjntgen Society and 

BARP, which i n  t h a t  year  changed i t s  name t o  t h e  B r i t i s h  I n s t i t u t e  

of  Radiology, s t a l l e d  repeatedly on t h i s  2ssue. To .see t h e  c o n f l i c t  

as a simple two-part c o n f l i c t  between physicians and nonphysicians 

'would, however,. be a mistake. . There were ac tua l ly  four  groups 
' 

involved. Among t h e  physicians,  one group included those who were 

t r y i n g  t o  p rac t i ce  radiology as a spec i a l ty  as  wel l  a s  those who 

were engaged i n  research;  a second group consis ted of general 

p rac t i t i one r s  who d id  not want, o r  could not a f ford ,  t o  p rac t i ce  

only radiology, and who contr ibuted r e l a t i v e l y  l i t t l e  t o  research,  
. . . . 

'Among t h e  nonphysicians, the,re .were t h e  s ' o ~ c a l l e a  "lay'! radiographers 

.who actua' l ly operated X-ray machines a s  wel l  as tube manufacturers ' 

and i n t e r e s t e d  amateurs; and the re  were a l s o  t h e  academic phys i c i s t s ,  

who did not p rac t i ce  radiology. The major con f l i c t . occu r red  

between t h e  physician general  p rac t i t i one r s  and t h e  nonphysician 

radiographers., espec ia l ly  those l a y  p rac t i t i one r s  of t h e  o lder  

generation who had refused t o  join the  Society of Radiographers. 

The phys i c i s t s  supported t h i s  o lder  generation of l a y  p rac t i t i one r s  

more s t rongly  than might be supposed, p a r t l y  out of respect  f o r  e lde r  

colleagues who formed an important p a r t  of t h e  membership of t h e  

Rijntgen Society and p a r t l y  because some o f . t h e  proposals put forward 

f o r  amalgamation would have lumped a l l  t h e  nonphysicians together  

i n  a lower category of  membership. .S imi l a r ly ,  t h e  physician-special is ts  



supported the  general p rac t i t i one r s  more s t rongly than might be 

supposed, p a r t l y  because t h e  general  p rac t i t i one r s  formed an important 

p a r t  of the  membership of BARP and p a r t l y  because a s  physicians 

t h e  s p e c i a l i s t s  had an'  i n t e r e s t  i n  maintaining s t r i c t  provisions f o r  

physician cont ro l .  46 

Despite t h i s  c o n f l i c t ,  t he re  were subs t an t i a l  areas  of common 

i n t e r e s t  t o  t h e  phys ic i s t s  and t h e  physician-special is ts .  Research 

was one such common i n t e r e s t .  I n  1923, t he  Electrotherapeut ic  

Section of the  Royal Society of Medicine and the  Rijntgen Society 

began t o  hold annual j o in t  meetings a t  which a  j o in t  p r i ze  was 

awarded, a l t e r n a t e l y  t o  a  physician and a  n o n ~ h ~ s i c i a n . 4 7  I n  

1924, t h e  Journal  of t he  Rijntgen Society and the  Archives of 

Radiology and Electrotherapy, which had become t h e  o f f i c i a l  organ 
. . . . . . 

. '  of the' B r i t i sh  I n s t i t u t e  of ~ a d i o l o g ~ ,  joined .forces as  separate  1. 

. . .  . . ' 

." but  equal "secti.ons" of a  newly-fomded Br i t i sh  Journal. of ~ a d i o l d g y .  

Deep therapy and the  ion iza t ion  measurements of X-ray doses 

assoc ia ted  with it were one of t h e  areas  of research t h a t  a t t r ac t ed  

t h e  i n t e r e s t  of both the  s p e c i a l i s t s  and t h e  phys ic i s t s .  Another 

important common i n t e r e s t  was i n  X-ray and radium protect ion.  Despite 

some grumbling about i t s  excessive requirements among general 

p r a c t i t i o n e r s ,  t h e  X-ray and Radium Protect ion Committee continued 

i t s  work. The press  campaign on t h e  dangers of X-rays had been 

avoided, and t h e  Committee i n  1924 convinced the  Home Secretary t o  

include X-ray and radium work i n  t h e  Schedule of Dangerous Occupations 

covered under t h e  Workmen's Compensation A&. 48 The physician- 

s p e c i a l i s t s  were pleased t h a t  t he  emphasis on pro tec t ion  confirmed 



t h e i r  view t h a t  spec ia l ized  knowledge was required t o  p rac t i ce  

radiology. I n  addi t ion ,  t h e  s p e c i a l i s t s  found the  s t r i c t n e s s  of  

t h e  requirements bene f i c i a l  i n  terms of  profess iona l  advancement 

a s  wel l  as  i n  terms o,f heal th:  they could afford t h e  c o s t l y  sh ie ld ing  

and e labora te  pro tec t ion  procedures simply because a  g rea t e r  proportion 

of t h e i r  incomes came from radio logica l  work. The general  p r a c t i t i o n e r  

who did only a few diagnostic exposures per  week was much l e s s  

ready t o  accept such encumbrances, and he may wel l  have thought it 

unfa i r  t h a t  t h e  Pro tec t ion  Committee required the  same precautions 

t o  pro tec t  X-ray operators  regardless  of t h e  extent  of t h e i r  

exposure L~~ Protect ion requirements thus increased t h e  competitive 

edge of t h e  s p e c i a l i s t  over t h e  general  p r a c t i t i o n e r ,  and i n t e r e s t  
. .  . 

i n  pro tec t ion  brought t h e  s p e c i a l i s t  i n t o  c lo se r  alignment .with. the 

.. . . . 
physici,st  .. ' 

Thus, while t he  B r i t i s h  I n s t i t u t e  of Radiology and t h e  R6ntgen 

Society continued a t  odds over t h e  prec ise  wording of a  c lause on 

physician cont ro l  over rad io logica l  p rac t i ce ,  t he  common i n t e r e s t s  

OF t h e  s p e c i a l i s t s  and t h e  phys i c i s t s  developed i n t o  an e f f o r t  a t  

i n t e rna t iona l  cooperation. BARP had acquired a  bui ld ing  a t  

32 Welbeck S t r e e t ,  not . f a r  from t h e  Royal Society of Medicine. 

The B r i t i s h  I n s t i t u t e  of Radiology, as BARP became sho r t ly  t h e r e a f t e r ,  

planned t o  open t h i s  permanent headquarters i n  1924 and inv i t ed  

non-German foreign rad io logica l  s o c i e t i e s  t o  send representa t ives  

t o  t h e  event. Economic conditions on t h e  Continent had improved 

g rea t ly  s ince  t h e  postponement of t h e  b i l i ngua l  conference in .1921,  

and the  response t o  t h i s  i n v i t a t i o n  was much g rea t e r  than expected. 50 



As a resul t . ,  t h e  Rijntgen Society i n  t he  summer of 1924 joined the  

Elec t ro therapeut ic  Section of t h e  Royal Society of Medicine and 

t h e  Br i t i sh  I n s t i t u t e  of Radiology i n  nominating representa t ives  . 

t o  a Provisional  Committee, which pol led rad io logica l  s o c i e t i e s ,  

journals and indiv idua ls ,  including some German r ad io log i s t s ,  on 

the  question of c a l l i n g  an international.conference f o r  Ju ly  1925 

i n  ~ o ~ d o n .  51   he response was s u f f i c i e n t l y  pos i t i ve  f o r  t he  

Provisional  Committee t o  be converted t o  an Organizing Committee 

t h a t  sen t  out announcements ea r ly  i n  1925 of what was s t i l l  caut iously 

regarded a s  a "preliminary". meeting. 5 2 

Not a l l  of t he  German medical rad io logica l  community was keen 

on the  *otion of pa r t i c ipa t ing  i n  t h e  conference. ~ h o & h  they 

had .suf fered  l i t t l e  tangib le  harm by exclusion from the  two post- 

War b i l ingual  c'dnferences, . . which d id  not' equal i n ,  . e i t h e r  qua'lity o r  

quant i ty  t h e  research presented a t  t he  annual ,German Rijntgen .Society 

Congresses resumed i n  1920, t he  boycott had been.gal l ing t o  the  

Germans. When word of t h e  projected London conference reached them 

i n  l a t e  1924, probably by means of t h e  P r o ~ s i o n a l  Committee's p o l l ,  

t h e  question of pa r t i c ipa t ion  was brought before t he  Council of t he  

German RSntgen Society and discussed during t h e  annual meeting of 

t he  German Society of S c i e n t i s t s  and Physicians a t  Innsbruck. The 

discussion has not been preserved, and no decis ion was recorded i n  

t h e  proceedings of t he  meeting. Only a f t e r  the  o f f i c i a l  announcement 

emphasized t h a t  a l l  nations would be inv i t ed  d id  t h e  Council.recommend 

t h a t  members of  the  German RSntgen Society p a r t i ~ i p a t e . ~ ~  About 

f o r t y  Germans attended out of a t o t a l  of 500 pa r t i c ipan t s .  This 

percentage was much smaller than might have been expected from t h e  

r e l a t i v e  s i z e s  of t h e  rad io logica l  communities a& a l so  much smaller 



than the  percentage of German pa r t i c ipa t ion  i n  t h e  subsequent 

i n t e fna t iona l  conferences he ld  before World War 11. 

I n  both Br i t a in  and Germany, it i s  l i k e l y  t h a t  i t  was t h e  

phys i c i s t s ,  perhaps supported by t h e  phys ic ian-spec ia l i s t s ,  who 

advocated German pa r t i c ipa t ion  i n  t h e  1925 London conference. 

More than anyone e l s e  assoc ia ted  with t h e  medical rad io logica l  

community, t h e - p h y s i c i s t s  appreciated t h e  importance &,f an in t e r -  . 

nat iona l ly  agreed u n i t  of X-ray dosage, and once t h e  work of 

Kr6nig and Fr iedr ich ,  Holthusen, and S e i t z  and Wintz had become 
' 

known it was d i f f i c u l t  t o  consider t h e  dosage problem without 

t h e  Germans. A t  a  j o in t  meeting of t he  Physical Society and t h e  

RGntgen Society i n  1923, t h e  Middlesex Hospital  phys ic i s t  Russ had 

c a l l e d  f o r  i n t e rna t iona l  ' s tandardizat ion,  and t h e  two Soc ie t i e s  

had' soon t h e r e a f t e r  .appointed a  j o in t  committee t o  consider t he  
. . . . . . - .  

dosage problem. 54 0; t h e  German s i d e ,  t h e  i n i t i a t i o n  of s tandardi  i a t i o n  

a c t i v i t i e s  a t  t h e  Physical-Technical I n s t i t u t e  i n  1924 seemed t o  

t h e  phys i c i s t s  t o  be a  preliminary s t e p  toward in t e rna t iona l  

s tandardizat ion . As t h e  Charlottenburg phys ic i s t  Behnken put i t ,  

" in te rna t iona l  s tandardizat ion i s  then t h e  next goal  t o  keep an 

eye on.1155 With t h e  o f f i c i a l  adoption of t h e  rijntgen by t h e  German 

R6ntgen Society i n  Apr i l  1925, t h e  s tage  was s e t  f o r  t h e  London 

conference, where t h e  phys i c i s t s ,  a s  we s h a l l  see ,  would press  f o r  

ion iza t ion  measurements, i n t e rna t iona l  s tandardizat ion of X-ray 

u n i t s ,  and rad ia t ion  protect ion.  



The London conference was successful  i n  re -es tab l i sh ing  formal 

communication between the  German and non-German rad io logica l  

communities. The pa r t i c ipan t s  declared it t h e  f i r s t  In t e rna t iona l  

Congress of Radiology and decided t h a t  t h e  second would meet i n  

Stockholm i n  1928. An In t e rna t iona l  Commission on X-ray Units 

was es tab l i shed  and t h e  groundwork was l a i d  for  i n t e rna t iona l  

cooperation on rad ia t ion  protect ion.  The Germans returned home 

p ra i s ing  B r i t i s h  h o s p i t a l i t y ,  boasting t h a t  radiology was the  

first medical d i sc ip l ine  t o  re turn  t o  t r u e  in t e rna t iona l  cooperation, 

and pleased t h a t  R6ntgen had been given h i s  due i n  t h e  speeches a t  

t h e  conference dinner.56 The B r i t i s h  were del ighted with t h e  

decis ion t o  make the  conference the  f i r s t  of a s e r i e s ,  and the  
. . . .  . . . . .  . - . . .  

' ' French; though anxious t o  have p ic tures .  of the.. cur ies  and of . . 

. . 
. . 

. . 
Becquerel appear on the  dinner program a t  t he  next Congr'ess, ,appear 

t o  have been re l ieved  t h a t  the  Germans behaved themselves i n  a 

c i v i l i z e d  manner. 57 The sudden emergence of  cooperation from 

conf l i c t  should not be surpr i s ing .  I f  t he  B r i t i s h  physician- 

s p e c i a l i s t s  and t h e i r  Al l ied  colleagues were t o  compete with t h e  

Germans i n  doing in tens ive  deep therapy, o r  i f  they were t o  deny 

the  Erlangen claims and put forward t h e i r  own, t h e i r  r e s u l t s  would 

have t o  be comparable with t h e  r e s u l t s  of t he  German c l i n i c s .  

Making t h e  r e s u l t s  comparable required cooperation i n  s tandardizing 

doses. The phys i c i s t s ,  as we s h a l l  see,  pushed t h i s  necessary 

cooperation on dosage s tandardizat ion a s t e p  f a r t h e r  t o  a l e s s  

necessary, but highly s i g n i f i c a n t ,  cooperation on rad ia t ion  protect ion.  

I n  doing so ,  they again found supporters among the  physician-special is ts .  



The pre-1925 nationalism continued a t  t h e  Conference and 

fueled i t s  most important deci'siod: t o  e s t ab l i sh  an In t e rna t iona l  

Copmission on X-ray Units. Af te r  opening speeches emphasizing 

common i n t e r e s t s  and in t e rna t iona l  f r iendship,  a j o in t  meeting of 

the. sec t ions  on physics and radiology'under t h e  chairmanship of 

William Bragg, who had become Br i t a in ' s  leading X-ray phys i c i s t ,  

debated the  problem of X-ray dosage  measurement^.^^, B6clPre . 

presented t h e  case . f o r  t h e  French, radium-based' "rijntgen .".59 

Behnken presented t h e  case f o r  t h e  German "r6ntgenW defined i n  

terms of  t h e  charge produced by t h e  ion iza t ion  of a i r . 60  Grebe 

and .Martius presented the  case against  t h e  u n i t  sk in  .dose by 

showing . t h a t  it varied,  even within Germany, by as  much as  a 

61 ' f a c t o r  of  four'. . No one defended the  .unit sk ln  dose openly, but  . .  . . . , . . . . . 

the.  med5cal p rac t i t i o i e . r s .  had, ce r t a in ly  not abandoned it. ' Using 
. .. . . . 

t he  uni t  sk in  dose and defending it t o  an audience t h a t  w a s  ha l f  

phys ic i s t s  were two qui te  d i f f e r en t  a c t i v i t i e s .  The u n i t  .skin 

dose remained i n  use u n t i l  t h e  1930s, when it only gradually l o s t  

i t s  hold. There were o ther  proposals as  weLl, including a las t -d i tkh  

e f f o r t  by Dessauer t o  defend photographic measurements, a proposal 

by a French phys ic i s t  t o  measure dose i n  energy ( e r g s )  absorbee per  

gram of t i s s u e  ( t h i s  un i t  i s  today known as  t h e  "rad" and i s  i n  

common use) ,  and a l s o  a proposal t o  adopt t h e  common c l i n i c a l  

procedure of  specifying t h e  voltage across  t h e  tube and t h e  current  

through it. The discussion brought t h e  major c o n f l i c t ,  between t h e  

French and German rijntgens, i n t o  t he  open.62 The ~ r i t i s h  X-ray 



Unit Committee t h a t  had been formed by the  Riintgen Society and the  

Physical Society i n  l a t e  1923 re f ra ined  from o f fe r ing  i t s  own 

proposal. The Congress rewarded t h i s  r e s t r a i n t  by giving the  

B r i t i s h  t h e  t a sk  of c a l l i n g  together  an In te rna t iona l  X-ray Unit 

Commission t o  decide the  i s sue  a t  t h e  second In t e rna t iona l  Congress 

63 th ree  years hence. 

The phys ic i s t s  were l e s s  successful  i n  pressing t h e  issue of 

pro tec t ion .  G. W. C.  Kaye took t h e  lead, proposing " . . . in te rna t iona l  

agreement on, a t  any r a t e ,  t h e  main questions. of pro tec t ive  measures." 

~e claimed t h a t  "such 8 step would have obvious advantages. 1164 j--, 

making t h i s  proposal, Kaye reviewed t h e  h i s to ry  of t he  B r i t i s h  

X-ray and Radium Protect ion Committee and mentioned i t s  counterparts 

i n  other  countr ies ,  but t h e  . tangible  advantages of h i s  proposal 

. <. : 

were by no ieaiib obvious. 1nterdompa,rability of therapeut ic  r e s d t s . .  . .:. 

.. . 

, did  not depend on in t e rna t iona l  agreement on protect ion requirements, 

a s  they depended on in t e rna t iona l  agreement on an X-ray un i t .  

One might be tempted t o  assign t o  Kaye i d e a l i s t i c  motives, but they 

would hardly account f o r  t h e  success of  h i s  proposal within the  

Physics Section of t h e  conference, which adopted a  reso lu t ion  

placing "on record .  t h e  d e s i r a b i l i t y  of adopting a  s tandard scheme 

of  X-ray and Radium pro tec t ion  throughout t h e  world."65 There were 

s t i l l  s t rong na t iona l i s t  fee l ings  i n  t h i s  group, and Kaye himself 

had been a  vehement anti-German n a t i o n a l i s t  only a  few years before.  

Kaye was, I be l ieve ,  appealing f o r  agreement on the  in t e rna t iona l  

l e v e l  t o  strengthen t h e  hand of t h e  phys i c i s t s ,  and t h e i r  physician- 

s p e c i a l i s t  supporters ,  on t h e  na t iona l  l eve l .  Had the re  been a  

s ign i f i can t  number of non-specialist  physicians i n  t h e  Physics Section 



(which na tu ra l ly  there  were n o t ) ,  o r  had t h e  Kaye proposal been 

submitted t o  t h e  Congress a s  a whole, t h e  outcome might have been 

d i f f e ren t  . 
Within t h e  Physics Sect ion,  however, Kaye found a good deal  

of sympathy. The r ecep t iv i ty  of  t h e  phys ic i s t s  t o  s t rengthening 

r ad ia t ion  protect ion should not  be regarded a s  e n t i r e l y  d i s in t e re s t ed .  

Their  r o l e  i n  medical radiology was s t i l l  being defined, and they 

stood t o  gain i n  s t a t u s  and secu r i ty  i f  they could demonstrate 

t h e i r  usefulness i n  designing and checking pro tec t ion  .measures. 

There was, however, evidence t o  support t h e  phys i c i s t s1  view t h a t  

physicians,  l e f t  t o  themselves, would not i n s t i t u t e  and maintain 

adequate pro tec t ion  measures, even though it was t h e  physicians 

. , . . ,themselves' who of ten  su f f e red  . . most from l&xity,. The National . , 

. . Physical Laboratory inspect ions - had revealed many' shor t  comings, and 
. . 

by 1925 s imi l a r  inves t iga t ions  undertaken a t  t h e  four  l a r g e s t  

X-ray c l i n i c s  i n  Stockholm and a t  t h e  Sa in t  h t o i n e  Hospital  i n  

Pa r i s  had shown s ign i f i can t  quan t i t i e s  of so-called "stray" rad ia t ion  

a r i s i n g  from inadequate sh ie ld ing  and from s c a t t e r i n g  i n  t h e  body 

of t h e  pa t i en t  and i n  t he  wal l s ,  c e i l i n g  and f loor .65 Many physicians 

appear t o  have been unaware of t h e  increasing proportion of  s ca t t e r ed  

r e l a t i v e  t o  absorbed r ad ia t ion  with increasing X-ray hardness. I n  

Germany, t he  Rijntgen Society survey of X-ray i n j u r i e s  t o  pa t i en t s  

was not ye t  published, but it was already known t h a t  t h e  survey 

included a s ign i f i can t  proportion of i n j u r i e s  due t o  negligence o r  

ignqrance on - the  p a r t  of X-ray operators ,  including physicians and 

techzllcfana unaer phjiSiiC=k sUjj.efii;iSi6in. 6 7 



Kaye's proposal f o r  i n t e rna t iona l  pro tec t ion  recommendations 

was not formally 'discussed among t h e  physicians a t  t h e  1925 Congress, 

an.omission t h a t  confirms the  leading r o l e  of t h e  phys i c i s t s  i n  

for '  i n t e rna t iona l  pro tec t ion  standards.  The pos i t ion  of 

t he  physicia;ns can, however, be in fe r r ed  from l a t e r  developments. 

As we s h a l l  se.e, rad ia t ion  protect.ion became among physicians pa r t  

of a dual str 'ategy f o r  promoting spec ia l iza t ion :  on t h e  one hand, 

t he re  was a  need f o r  higher educational standards; on the  o ther  hand, 

t he re  was a  need f o r  improving the  apparatus used i n  radiology, 

including protect ion devices. Both r a i s i n g  educational standards 

and improving apparatus would tend t o  place radiology i n  t h e  hands 

of those who prac t iced  it f u l l  time. The general p r a c t i t i o n e r , .  

who a t  worst might rely..on nothing more than. a short  course offered . , 
'by 'an X-ray tube salesman f o r  h i s  knoGledge bf radiology . and . who , : 

a t  best  had a  few weeks of i n s t ruc t ion  during medical school ,  would 

be the  eventual vict im of t h i s  dual s t r a t egy .  The physician-special is ts  

hrad much t o  gain from t h e  phys ic i s t s '  i n i t i a t i v e  i n  favor of 

r ad i a t ion  protect ion.  

The common i n t e r e s t s  of t he  phys i c i s t s  and t h e  physician- 

s p e c i a l i s t s  would become increasingly evident i n  t h e  decade a f t e r  

1925. The London Congress had a  broad impact, and i n  a  number of 
/' 

important respects  it s e t  t he  agenda f o r  i n t e rna t iona l  cooper.ation 

i n  t h e  rad io logica l  community f o r  the  next decade. The phys ic i s t s  

would have t h e i r  way, achieving both in t e rna t iona l  s tandardizat ion 

of X-ray dosage and in t e rna t iona l  recommendations f o r  X-ray and 

rad i 'm pro tec t ion ,  though not without unanticipated d i f f i c u l t i e s .  



The dosage problem posed technica l  d i f f i c u l t i e s ,  which were solved 

l a rge ly  within t h e  phys ic i= ts  ' of t h e  rad io logica l  -community. 

The pro tec t ion  problem posed d i f f i c u l t i e s  of a d i f f e ren t  s o r t  

involving t h e  re la t ionship  of t h e  phys i c i s t s  . to  t h e  physicians,  

and o f ' bo th  t o  t he  i s sue  of spec ia l iza t ion .  

When t h e  Physical-Technical I n s t i t u t e  began i t s  s tandard iza t ion  

program i n  1924, ~ e h n k e n  and o ther  phys i c i s t s  were convinced t h a t  

t he  technica l  d i f f i c u l t i e s  had been overcome with t h e  introduct ion 

of t h e  air-pressure chamber. Gernian physicians,  however, found 

maintaining t h e  s tandardizat ion i n  rantgens under c l i n i c a l  conditions 

d i f f i c u l t ,  and even physician-special is ts  who used ion iza t ion  

chambers of ten continued t o  express doses i n  terms of t h e  u n i t  sk in  
. . . . .  . . 

. . . .  . : dose r a t h e r  than. i n  termk of r ~ n t ~ e n s . ~ ~  :  his . .  ?;actice. . .  &emed . . .  

. - ,  
. . 

. .  . eminently sens ib le  a f t e r  the physi.cists discove=ed. . i n  1926 and. 1927 .' 

t h a t  t h e  dose l'n rBntgens .required t o  produce an erythema was d i f f e r en t  

i n  Germany and i n  t h e  United S ta t e s .  The Bonn phys i c i s t s  Grebe 

and Martius, using ion iza t ion  chambers standardized by Behnkenss 

air-pressure chamber, had found an average erythema dose of  600 

rantgens i n  t h e i r  survey of German c l i n i c s .  Glasser,  t h e  s tudent  

of Friedrich who had emigrated t o  i h e  United S t a t e s ,  found an 

erythema dose of lb00 rBntgens using c l i n i c a l  ion iza t ion  chambe'rs 

standardized against  a l a rge  chamber of atmospheric pressure.  70 

P a r t  of t he  problem arose 'because Glasser placed h i s  ion iza t ion  

chambers d i r e c t l y  on t h e  sk in ,  thus  including i n  h i s  measurements 

t h e  dose due t o  back s c a t t e r i n g  from the  body; Grebe and Martius 



posi t ioned t h e i r  i on iza t ion  chambers i n  t h e  air  a t  t h e  same d is tance  

from t h e  tube as t h e  exposed sk in .  Even a f t e r  t h i s  d i f fe rence  was 

recognized, however, t he re  remained a s i g n i f i c a n t  discrepancy t h a t  

was t r a c e d  t o  a d i f fe rence  i n  t h e  s i z e  of t h e  r6ntgen u n i t  measured 

i n  Germany and i n  t h e  United S t a t e s .  Glasser  found t h a t  h i s  own 

r6ntgen unit agreed with those  of  two o the r  Uni teds ta tes -based  

inves t iga to r s  (one o f  whom, l i k e  Glasser ,  w a s  a recent  immigrant 

from ~e rmany)  t o  within .f4 per  cent .  The rijntgen u n i t s  measured 

by Behnken, by Grebe and Martius,  and by Fr iedr ich  a l so  agreed 

we l l ,  but they were 50 per  cent  smaller  than t h e  "American" rbntgen. 71 

The f a c t  t h a t  two of  t h e  t h r e e  "American" inves t iga to r s  were German- . 
born and German-trained phys i c i s t s  was  i r r e l evan t :  t h e  competition 

. . .. . ' was c a s t  i n  terms of a r i v a l r y  between t h e  United S$ates and Germany. . . 

. . . . . . . . 

The ~ r e n c h ,  g l e e f u l  a t  t h e  'discrep&cy, l e a p t  . i n to  t he  f r a y  a n d .  . 
. . . . . . .  . . 

t r i e d  t o  re-asser t  t h e  claims of  t h e  French, r ad ik -based  r6ntgen. 
' 

BQclbre put  it t h i s  way: 

It i s  necessary t h a t  an impar t i a l  a r b i t r a t o r  in te rvene  between 
t h e  phys i c i s t s  of  Germany and of t h e  United S t a t e s  .... I hope 
t h a t  a French phys i c i s t  has t h i s  ambition and t h a t  t h e  honor 
w i l l  come t o  him  to^ s e t t l e  [ t h e  question],.72 

BSclSre had i n  mind h i s  own labora tory  c h i e f ,  Solomon, who had 

proposed t h e  French rbntgen i n  1921. Solomon w a s  aware of t h e  

a r b i t r a r y  charac te r  of h i s  u n i t  and suggested t h a t  t h e  d is tance  a t  

which t h e  radium w a s  placed might be a l t e r e d  t o  .make t h e  u n i t  agree 

with t h e  German r6ntgen.T3 Glasser  welcomed t h i s  suggestion by 

showing t h a t  t h e  French rijntgen bore a constant  r e l a t i onsh ip  t o  

t h e  American r6ntgen (with a v a r i a t i o n  of l e s s  than  k5 per  c e n t . )  74 

A t  t h e  same time, Glasser  found t h a t  seven German ion iza t ion  



chambers ca l ib ra t ed  i n  German rijntgens varied by f13.5 per  cent 

among themselves. Such a  va r i a t i on  might a t  t h e  time have been 

t o l e r a b l e  i n  X-ray c l i n i c s ,  but  it re f l ec t ed  badly on t h e  laboratory 

s k i l l s  o f  t h e  German phys i c i s t s ,  and Behnken r ep l i ed  with a  

de t a i l ed  descr ipt ion of  t h e  German equipment and procedures. 7  5 

With t h e  second In t e rna t iona l  Congress of  Radiology only a few 

months away, a  major b a t t l e  among t h e  phys i c i s t s  over X-ray un i t s  

appeared t o  be i n  t h e  making. 

The c o n f l i c t  was averted a t  t h e  l a s t  minute, when Behnken 

t r a v e l l e d  t o  t he  United S t a t e s  and checked t h e  ~ekman ioniza t ion  

chambers t h a t  Glasser was using i n  Cleveland. Unfortunately,  t h e  

sources .of e r r o r  and Behnken's means of cor rec t i ,ng  them a r e  not 
. . . . . <. : .: . ' .  . . . ., 

c l ea r .  .Glasser  , . merely c i ted .  . . i n  general terms " f au l ty  construct ion 

and lack  of c o n t r o l - o f  t he  instruments used i n  ' the  t rans-  
' 

por ta t ion  of  t he  German R unit."76 Af ter  Behnken's r e p a i r s ,  t he  

German and American instruments agreed. The B r i t i s h ,  i n  t h e  

meanwhile, had ca r r i ed  out t h e i r  mandate from the  1925 Congress and 

had i n v i t e d  na t iona l  physical  and rad io logica l  s o c i e t i e s  t o  s end  

representa t ives  t o  t h e  In t e rna t iona l  Commission on X-ray Units,  

which met f o r  t he  f i r s t  time i n  Stockholm during t h e  second In t e r -  

na t iona l  Congress of Radiology i n  Ju ly  1928. This group adopted 

t h e  German de f in i t i on  of  t h e  rzntgen, which both t h e  Americans and 

the  Germans had used, and t h e  Congress a s  a  whole endorsed t h i s  

decision. The French were given t h e i r  due i n  a  recommendation t h a t  



t he  constancy o f  ion iza t ion  chambers standardized i n  r6ntgens be 

checked using radium.77 A t  t h e  t h i r d  In t e rna t iona l  Congress 

( P a r i s ,  1931 ) , t h e  " in te rna t iona l  r6ntgent1 was declared sa t i s f ac to ry ,  

and with t h e  phys ic i s t s  a t  l a s t  agreed among themselves t h i s  

u n i t  gradually entered c l i n i c a l  p rac t i ce ,  becoming well-established 

by t h e  m i d - 1 9 3 0 s . ~ ~  There would be a  var ie ty  of new d i f f i c u l t i e s  

before World War I1 a r i s i n g  from t h e  increasing voltages used i n  

generating X-rays and from the  suggestion t h a t  t h e  dosage of gamma 

rays from radium be measured i n  riintgens , but  by 1934 doses of 

X-rays from tubes exci ted with severa l  hundred thousand v o l t s  we're 

comparable t o  within 21 per  cent.  79 The problem of X-ray dosage 

was a t  long last solved. 
. .  . . . 

As f o r  rad ia t ion  pro tec t ion , .  th6 r e so lu t ion '  passed a t  the  1925 .:. , 

. .. . 

Congress 'by thk ,Physics ~ e k t i o n  ca l l ed  for an in t e rna t iona l  scheme ' . , 

but f a i l e d  t o  specif'y a  procedure f o r  reaching an agreement, and 

t h e  Congress took no ac t ion  on t h e  question. It can be in fe r r ed  

from l a t e r  developments, however, t h a t  Kaye had proposed t o  the  

phys ic i s t s  t h a t  t he  recommendations of t he  B r i t i s h  X-ray and Radium 

Protect ion Committee be adopted a s  i n t e rna t iona l  recommendations a t  

t h e  Stockholm Congress i n  1928. The B r i t i s h  recommendations included 

s p e c i f i c  thicknesses of l ead  sh ie ld ing  f o r  X-ray tubes t o  be used 

i n  diagnost ic  work, i n  s u p e r f i c i a l  therapy and i n  deep therapy. 

The sh ie ld ing  requirements were t o  prove a  major item of contention. 

The B r i t i s h  Committee had aimed t o  reduce t h e  dose t o  t h e  operator  

as  much a s  possible  without i n t e r f e r i n g  with rad io logica l  p rac t i ce .  8 0 



This goal was a  reasonable one, but t he  spec i f i ca t ion  of  sh ie ld ing  

requirements f a i l e d  t o  allow f o r  t he  va r i e ty  of  tu6e designs, f o r  

t h e  increasing voltages becoming ava i lab le ,  o r  fo r  t he  p o s s i b i l i t y  

of adequate sh ie ld ing  bu t  inadequate pro tec t ion  because of s c a t t e r i n g  

i n  t h e  p a t i e n t ' s  body a;nd,in t h e  room. 

The way around these d i f f i c u l t i e s  i n  t h e  phys i c i s t s  ' view was 

t o  specify a dose limit t o  t h e  operator  of the  X-ray t u b e ,  o r  t o  

the  manipulator of radium appl ica tors ,  and t o  ca l cu la t e  t he  sh ie ld ing  

required from t h i s  dose limit. Equipped with t h e i r  ion iza t ion  

chambers, t he  phys ic i s t s  could then check whether t he .  dose l i m i t  

was being exceeded. The question t h a t  ne i the r  the  phys i c i s t s  nor 

the  physicians could answer was how l a rge  the  dose l i m i t  s h o d d  be. 

I f .  . i t lwe re  too l a r g e ,  then t h e  operators would . su f f e r  . harm, but ' if  

+t ,w.ere too small the  s h i e l d h g  required would hinder rad io logica l  

p rac t i ce .  One way t o  decide the  s i z e  of t he  dose l i m i t  would have 

been t o  weigh the  r i s k  t o  t h e  operators  against  t h e  bene f i t s  of 

rad io logica l  p rac t i ce ,  a  procedure t h a t  a t  l e a s t  i n  p r inc ip l e  i s  

used today i n  r ad i a t ion  pro tec t ion  f o r  nonmedical sources of 

exposure and i s  of ten  advocated f o r  cont ro l l ing  other  s o r t s  of 

technological r i s k s .  Even before World War I ,  it had been common 

i n  replying t o  publ ic  f ea r s  concerning the  r i s k s  of rad ia t ion  

exposure f o r  members of the  rad io logica l  community t o  emphasize the  

bene f i t s  of X-rays and radium i n  medicine, but  e x p l i c i t  e f f o r t s  t o  

determine a  dose l i m i t  by r isk-benefi t  ana lys i s  were s t i l l  a  long 

way o f f .  The s t r a t egy  used was based, ins tead ,  on t h e  assumption 



t h a t  t h e r e  was a threshold  f o r  t h e  b io log ica l  e f f e c t s  of r ad i a t ion .  

The assumption d id  not have, and d id  not seem t o  requi re ,  e-qerimental  

confirmation. To both phys i c i s t s  and physicians,  experience 

suggested t h a t  many people had been exposed t o  r ad i a t ion ,  some f o r  

many yea r s ,  without s u f f e r i n g  ham.  

The th reshold  assumption had been common previously,  but it 

w a s  only i n  t h e  mid-1920s t h a t  anyone made a ser ious  e f f o r t  t o  

determine t h e  threshold  quan t i t a t i ve ly .  Late i n  1924, an American 

p h y s i c i s t ,  A. Mutscheller,  i n i t i a t e d  these  e f f o r t s  by attempting 

t o  measure the  " tolerance dose," which he defined a s  " the  dose 

which an opera tor  can, f o r  a  grolonged per iod  of  t ime,  t o l e r a t e ,  without 

u l t ima te ly  su f f e r ing  in ju ry .  "81 Mutscheller '  s procedure was t o  
. .  . . . 

.. . . measure t h e  dose a c t u a l l y  de l ivered  t.6 the  'x-ray . . ,o$eraiors i n  ' 

"severe l  t y p i c a l  good  installation^'.^ '.and on t h e  bas'is o f  ' these figures 

and " f a i r  averages" t o  c a l c u l a t e  t he  dose t o  t h e  operators  over t h e  

per iod  o f  a month.82 Muts.cheller i n  t h i s  way a r r ived  a t  1/100 u n i t  

s k i n  dose (which he termed t h e  erythema dose) received over a 

per iod  of a month a s  t h e  to le rance  dose. He put  forward t h e  f igu re  

t e n t a t i v e l y  and c a l l e d  f o r  "close cooperation between phys i c i s t s  

and b i o l o g i s t s  and a systematic  cooperation of r6ntgenologis t sY 

and ca re fu l  examination of t h e  blood and o the r  organs of  r6ntgen- 

ray  operators  [ t o ]  decide t h e  poin t .  1183 

I n  t h e  wake of t h e  1925 Congress, IvIutscheller's proposal 

received an en thus i a s t i c  response among phys i c i s t s .  The German 

phys i c i s t  Glocker, i n  coment ing  on t h e  recommendations of t h e  



B r i t i s h  X-ray and Radium P r o t e c t i o n  Committee t o  t h e  1926 Rijntgen 

Congress, concluded by p o i n t i n g  toward t h e  importance of t h e  t o l e r a n c e  

dose f o r  f u t u r e  dec i s ions  on r a d i a t i o n  p r o t e c t i o n :  

To g e t  an exac t  b a s i s  f o r  t h e  d r a f t i n g  o f  r a d i a t i o n  p r o t e c t i o n  
measures it i s  ind i spensab le  t h a t ,  through as many s t a t i s t i c a l  
c o n t r i b u t i o n s  as p o s s i b l e  from t h e  membership o f  t h e  German 
RGntgen Soc ie ty ,  a more p r e c i s e  value  o f  t h e  t o l e r a n c e  dose 
be obta ined.  Cooperation t o  t h i s  end thus  l i e s  i n  t h e  
r5n tgeno log i s t s  very own i n t e r e s t  ! a4 

Glocker p r e f e r r e d  t o  express  t h e  t o l e r a n c e  dose on an hour ly  b a s i s  

r a t h e r  than on Mutsche l l e r ' s  monthly b a s i s ,  bu t  he accepted 

Mutsche l l e r ' s  f i g u r e  o f  1/100 u n i t  s k i n  dose pe r  month i n  c a l c u l a t i n g  

h i s  own t o l e r a n c e  dose o f  1/20,000 u n i t  s k i n  dose per /hour .  

Behnken a l s o  accepted Mutsche l l e r ' s  f i g u r e ,  and t h e  Swedish 

p h y s i c i s t  Rolf S i e v e r t ,  i n  t h e  s tudy  o f  p r o t e c t i o n  i n  stock holm^'^ 
. . . . 

f o u r  l a r g e s t  x-ray c ' l i f i i t s  r e f e r r e d  t o  above, assumed a  t o l e r a n c e  
. .  . . . 

dose o f  1/10 u n i t  s k i n  ci0s.e p e r ' y e a r , -  which wi th  one month vacat ion 

would be approximately t h e .  same as Mutschel ler '  s t o l e r a n c e  dose.  85 

. I n  B r i t a i n ,  a physic ian and a p h y s i c i s t  working t o g e t h e r  confirmed 

Mutsche l l e r ' s  f i g u r e  wi th  d a t a  on two workers at t h e  Manchester 

Royal Inf i rmary and showed t h a t  t h i s  t o l e r a n c e  dose could  be 

r e a d i l y  achieved i n  d iagnos t i c  work.86 Kaye showed t h a t  t h e  s h i e l d i n g  

th icknesses  recommended by t h e  B r i t i s h  X-ray and Radium P r o t e c t i o n  

Committee were c o n s i s t e n t  wi th  a  t o l e r a n c e  dose about 40 p e r  cen t  

87 s m a l l e r  than Mutsche l l e r ' s .  

Thus t h e  t ime dura t ion  f o r  which t h e  t o l e r a n c e  dose w a s  

s p e c i f i e d  v a r i e d ,  but  t h e  + p h y s i c f s t s  were genera l ly  agreed on t h e  

approach. They were a l s o  prepared t o  compromise wi th  t h e  physic ians  

i n  t h e i r  continued adherence t o  t h e  u n i t  s k i n  dose,  which seemed t o  



be appropriate t o  protect ion questions.  Kaye i n  l a t e  1927 out- 

l i n e d  the  idea l  procedure f o r  determining pro tec t ion  measures 

from t h e  phys i c i s t s '  point  of view as  follows: 

... a scheme of X-ray pro tec t ion  which r e s t s  on a  sound 
physical  and b io logica l  bas i s  involves: 

a )  Measuring under spec i f ied  conditions the  i n t e n s i t y  
of X-rays i n  terms of a  spec i f iab le  and reproducible physical  
s tandard expressed, i f  poss ib le ,  i n  absolute un i t s .  

b) Establ ishing a  maximum tolerance dose i n  terms of 
a s p e c i f i a b l e a n d  reproducible b io logica l  s tandard,  and i f  
poss ib le ,  expressing t h i s  b io logica l  standard i n  physical  
un i t s .  

c  ) Establ ishing r e l i a b l e  f igures  f o r  t h e  transmission 
of X-rays of spec i f ied  qua l i t y  by lead  and o ther  absorbents.  

d )  Calculat ing the  thickness of t he  absorbent necessary 
t o  reduce t h e  in t ens i ty  of a  given beam of X-rays t o  t h a t  
corresponding t o  the  tolerance dose a t  some spec i f ied  point .  88 

I n  carrying out t h i s  dose-limiting procedure, it was more important 

t o  have a  s ing le  agreed number f o r  t h e  tolerance dose than t o  have 
. ... 

prec i se iy  the. cor rec t '  number, and t h e  phys.icists argukd l i t t l e  over 

var ia t ions  as  .g rea t .  as 50 'per cent i n  estimates of  ' t he  tolerance 

dose. J u s t  before t h e  1928 Stockholm Conference, Mutscheller l e t  

it be known t h a t ,  with t h e  approval of Kaye and Glocker, he intended 

t o  propose in t e rna t iona l  adoption of a  tolerance dose of 1/100 

erythema dose per  month.89 The. proposal was well-received by the  

phys ic i s t s  present ,  who included Glasser and Lauriston Taylor,  an 

American who had begun t o  play a  major ro l e  i n  rad io logica l  work a t  

t h e  National Bureau of  Standards. 

While the  phys ic i s t s  were occupied with the  tolerance dose i n  

t h e  aftermath of t he  1925 Congress, physician-special is ts  outs ide 

Br i t a in  welcomed Kaye's proposal f o r  i n t e rna t iona l  protect ion 

recommendations. In  Austr ia ,  Holzknecht began t o  press  t he  government, 



through a  repor t  wr i t ten  f o r  the  Technical Test ing Bureau, t o  i ssue  

ru les  governing both t h e  equipment used i n  X-ray c l i n i c s  f o r  

protect ion and the  t r a i n i n g  required of r ad io log i s t s  and X-ray 

operators .  Holzknecht claimed t h a t  t h e  worst i n j u r i e s  t o  pa t i en t s  

were caused by forge t t ing  t o  place a  f i l t e r  i n  t he  primary beam t o  

remove the  s o f t e s t  X-rays. An automatic device t h a t  prevented 

operation of t he  X-ray tube i f  t he  f i l t e r  was not i n  place cos t  .J 

per  cent  of t h e  12,000 marks required t o  buy an X-ray i n s t a l l a t i o n ,  

and y e t  he believed as  many as  90 per  cent  of the  X-ray tubes lacked 

t h e  device. I n  Germany, t he  R5ntgen Society i n  1926 decided t o  

rev ise  i t s  1913 Ins t ruc t ion  Sheet t o  take i n t o  account t he  higher 

voltage X-ray tubes t h a t  had come i n t o  A t  t h e  same time, 
. . , . 

. , 
. . i t s  Special  Committee f o r t h e  Judgment of Rijntgen I n j u r i e s  and ' ' 

. . . . 
. . , t he  .study of. t h e i r  Prevention'  $eported on " .~ore ign  ~ e ~ a l : ~ r e s c r i ~ t . i o n s  

f o r  t he  Exercise of t h e  RGntgen P r ~ c e d u r e . " ~ ~  This repor t  

c i t e d  approvingly a  French requirement of two o r  th ree  years  study, 

plus a  year  of pra ,ct ical  experience, before being examined f o r  

recognition as  a  " spec i a l i s t . "  It a l so  advocated l icens ing  of 

X-ray i n s t a l l a t i o n s  by the  s t a t e ,  a  procedure t h a t  had been adopted 

i n  Denmark and i n  New York City.  I n  France, t he  educational 

requirements f o r  recognition as an X-ray s p e c i a l i s t  had, as  the  

German repor t  noted, been g rea t ly  expanded, and ' i n  addi t ion  consideration 

was a.gain being given t o  ru l e s  f o r  X-ray and radium pro tec t ion .  9  3 

In  Sweden, an X-r,ay and Radium Protect ion Committee modeled .afte:.- 

t he  B r i t i s h  Committee adopted s imi l a r   recommendation^.^^ A t  the  same 

. . time, the  Swedes chose " Ins t ruc t ion  and Training i n  Medical Radiology" 

a s  a  theme f o r  the 1928 Congress i n  Stockholm, a  %i:eme t h a t  necessar i ly  



r a i s ed  questions about spec ia l iza t ion .  95 I n  t h e  Soviet Union, 

the  People's Commissariat f o r  Work issued ru l e s  f o r  x-ray pro tec t ion  

i n  t h e  f a l l  of 1925 t h a t  required upgrading o r  c losing down X-ray 

i n s t a l l a t i o n s  t h a t  could not compRr within th ree  months, a 

requirement t h a t  a t  l e a s t  i n  p r inc ip l e  would el iminate  t he  smaller,  

l e s s  busy X-ray in s t a l . l a t i ons  run by non-specialists.  95 

Notably lacking from these  e f f o r t s  by physicians t o  promote, 

i n  tandem, protect ion and spec i a l i za t ion  was much consideration 

of t he  tolerance dose. Some medi,cal object ions t o  the  tolerance 

dose arose from the  necessary var ia t ions  i n  c l i n i c a l  c'onditions 

and prac t ices :  id iosyncra t ic  react ions of individual  pat ients ' ,  

though recognized as l e s s  frequent than had been thought before 
. . . . - .  . 

. . 
t h e  use of ion iza t ion :  chaniber's, were s t i l l  regarded a s  a  possi- 

- .  . . 
' 

b i l i t y ;  and r e a c t i o n ' t o . r a d i a t i o n  varied .with the  time .in which 

given dose was del ivered,  so t h a t  four exposures over a  per iod of 

a  month would not have t h e  same e f f e c t  as t h e  same dose del ivered 

i n  a  s i n g l e  s i t t i n g .  Though from a physical  point  of view it 

made no difference f o r  what time period t h e  tolerance dose was 

spec i f ied ,  from the  b io logica l  point  of view the  time f a c t o r  was 

c r i t i c a l .  I n  addi t ion t o  these  medical arguments and probably 

more important i n  accounting f o r  lack of physician i n t e r e s t  i n  the 

tolerance dose, t h e  ca lcu la t ion  of sh ie ld ing  thicknesses  was a  

mysterious mathematical procedure t o  most physicians,  however 

rout ine  it had become f o r  t h e  phys ic i s t  i n  medical radiology. 

Behnken, i n  proposing i n  1926 t h a t  t h e  f i r s t  p ro tec t ion  r u l e  always , 

be "the tolerance dose should, i n  t h e  places protected,  nowhere and 



and never be exceeded," t r i e d  t o  a l l a y  t h e  ph.jsiciansl f ea r s :  

"A rbntgenologist  need hardly g e t  t h e  creeps from 'h igher1  

mathematics t h a t  en t e r .  .., espec ia l ly  s ince  t h e  p r a c t i t i o n e r  needs 

t o  use only t h e  condensed t a b l e  corresponding t o  average [voltage] 

requirements." The rep ly  was t h a t  protect ion.  measures had t o  be 

2hrased "so t h a t  everjone w i l l  be ab l e  t o  understand them. 1197 

J u s t  as i n  t h e i r .  continued use o f  t h e  u n i t  sk in  dpse, t h e  

physicians.  d id  not openly confront t h e  phys i c i s t s  on t h e  i s s u e  of 

t h e  to le rance  dose, and they  were content t o  l e t  it be used t o  

c a l c u l a t e  recommended sh i e ld ing  thicknesses .  A t  t h e  same t i n e ,  

however, t h e  to le rance  dose went unspecif ied i n  t h e  p ro t ec t ion  

recommendations, which then  read  l i k e  compendia of  goo2 c l i n i c a l  

. . . p r a c t i c e  based on t h e  co l le ,c t ive  experience of  physicians.  I f  . . . 
. . . . ,. , . . 

. . 
the'  not ion t h a t  pro tec t ion  l a y  within t h e  prerogat ives .  of t h e  ' ' 

. . .  
. . . . . .  . . .  . 

physician were t o  be maintained, it would hardly do t o  have t h e  

to le rance  dose c i t e d  as t h e  bas i s  f o r  t he  r e s t  of t h e  p ro t ec t ion  

recommendations. Thus, when t h e  B r i t i s h  X-ray and Radium Protec t ion  

Committee extended i t s  recommendations t o  higher  vol tages i n  1927 

i n  a way t h a t  was cons is ten t  with a to le rance  dose of  ,1/100 u n i t  

sk in  dose pe r  month, t h i s  f i g u r e  was not mentioned . in  t h e  

recommendations. 98 The second I n t e r n a t i o n a l  Congress of  Radiology, 

meeting i n  Stockholm i n  1928, adopted a t  t h e  behest  0.f t h e  Physics 

Sect ion s imp l i f i ed  and abridged i n t e r n a t i o n a l  p ro t ec t ion  recommendations 

t h a t  f o r  most p r a c t i c a l  purposes followed t h e  B r i t i s h  recommendations, 



but Mutscheller 's  e f f o r t  t o  have t h e  tolerance dose adopted apparently 

' 99 f a i l ed .  

I n  addi t ion t o  adopting in t e rna t iona l  pro tec t ion  recommendations, 

t he  Stockholm Congress created t h e  In t e rna t iona l  X-ray and Radium 

Protect ion Commission, with f i v e .  of t h e  i n i t i a l  seven members 

phys ic i s t s  ( including Solomon, who vas a l s o  a .loo The 

crea t ion  of t h i s  Commission r a i sed  t h e  i s sue  of pro tec t ion  t o  a  new 

l e v e l  of v i s i b i l i t y  and generated a  wave of a c t i v i t i e s  on t h e  

na t iona l  l eve l .  When t h e  League of  Nations Health Organization 

asked the  German physician-physicist  Wintz i n  1931 t o  review 

na t iona l  protect ion measures, he was able  t o  c i t e  de t a i l ed  ru les  

under considerat ion o r  adopted i n  'ustria, Czechoslovakia, Denmark, 
. . . . . : 

Br i t a in ,  ~e'kmany,' Greece, Hungary, t h e  so&ety'  union, ~wedkn, 'and . . 

Swit zeriand. I n  t h e  United ' s t a t e s ,  .the c rea t ion  o'f t h e  In te r -  

na t iona l  Protect ion Commission l e d  t o  t he  formation of an Advisory 

Committee on X-ray .and Radium Protect ion with representa t ives  from 

the  American Rijntgen Ray Society,  t h e  l e s s  r e s t r i c t i v e  Radiological 

Society of North America, t he  American Medical Association, t he  . . 

National Bureau of Standards,  and t h e  equipment manufacturers. 102 

The Br i t i sh  X-ray and Radium Protect ion Committee continued i t s  

work, and i n  Germany t h e  Rijntgen Society,  which i n  1927 had formed 

a Standards Bureau t h a t  a f f i l i a t e d  with t h e  German Standards 

Committee, promulgated rad ia t ion  pro tec t ion  recommendations i n  1930 

a f t e r  two years of discussion and redraf t ing .  10 3 



The In t e rna t iona l  Protect ion Commission met i n  P a r i s  i n  1931 

during the  t h i r d  In t e rna t iona l  Congress of Radiology and made a 

number of changes i n  t h e  in t e rna t iona l  recommendations. Among 

t h e  most important were t h e  extension of t h e  t a b l e  of recommended 

sh ie ld ing  thicknesses f o r  X-rays from 225,000 vo l t s  t o  400,000 

v o l t s  and t h e  addi t ion of a  t a b l e  of recommended sh ie ld ing  thicknesses  

f o r  radium t h a t  replaced an e a r l i e r  requirement of 5 cm of l ead  

sh ie ld ing  f o r  each 100 mg. lo4 The f i r s t  t a b l e  was determined 

from a  tolerance dose of l o e 5  rantgens per  second, which was t h e  

equivalent (assuming 200 working hours per  month and a  u n i t  sk in  

dose of 600 rantgens)  of ~ u t s c h e l l e r ' s  o r i g i n a l  1/100 un i t  sk in  

dose per  month. The recommended shieldings f o r  radium were 

approximatefy. those t h a t  would.have been 'derived from a  tolerance . . . ' 

. . . . . . 

dose one t h i r d  the  s i z e  05 Mutschelle,rts,  an added precaution taken'  . . 

because of t h e  continuous emission of rad ia t ion  from radium while 

X-ray tubes were assumed t o  be used only e ight  hours per  day.lo5 

In  ne i the r  case did the  in t e rna t iona l  recommendations spec i fy  t h e  

tolerance dos'e. 

National and in t e rna t iona l  discussions of t he  pro tec t ion  

recommendations could no t ,  however, continue t o  ignore t h e  tolerance 

dose, and conf l i c t s  over pro tec t ion  measures revolved increasinbly 

about t h i s  notion. In  1930, f o r  example, two phys i c i s t s  working fo r  

t h e  Dutch Ph i l i p s  Company, a  major X-ray tube manufacturer s ince  

i t s  introduct ion of a  tube t h a t  had most of t h e  required pro tec t ion  

b u i l t  ins ide  r a t h e r  than surrounding the  g l a s s  bulb, challenged 



t h e  d r a f t  German recommendations on t h e  grounds t h a t  they d id  not 

follow the  in t e rna t iona l  recommendations and c i t e d  the  tolerance 

dose a s  t h e  bas i s  f o r  the  l a t t e r .  lo6 I n  1931, when a B r i t i s h  

physician at tacked t h e  in t e rna t iona l  recommendations a s  t oo  s t r i c t ,  

t he  reply he received from both phys i c i s t s  and physicians present 

was t h a t  t h e  in t e rna t iona l  recommendations were consis tent  with 

t h e  tolerance dose, lo7 Wintz, i n  h i s  1931 repor t  t o  t he  League of 

Nations out l ined  i n  d e t a i l  t he  procedure f o r  deriving sh ie ld ing  

thicknesses from th'e tolerance dose and discussed checking the  

effect iveness  of protect ion measures i n  terms of ver ifying t h a t  

t h e  tolerance dose had not been exceeded. 
108 

Thus, t he  tolerance dose was slowly coming i n t o  open c i rcu la t ion  

and achieving .acceptance among physicians a s  wel l  as  phys ic i s t s .  
.. . 

When t h e  In t e rna t iona l  Protect ion Commission met a t  t he  fourth.  

1 n t e r n a t i o n a l ' ~ o n ~ r e s k  of k:diology.'in ~ i i r i c h  i n  193.&, f i v e  of i t s  

nine members were physicians (once again including solomon) . The 

X-ray protect ion recommendations the  Commission approved c i t e d  the  

to le rance  dose prominently and e x p l i c i t l y ,  though s t i l l  cautiously:. 

"The evidence a t  present ava i lab le  appears t o  suggest t h a t  under 

s a t i s f a c t o r y  working conditions a person i n  normal hea l th  can t o l e r a t e  

exposure t o  X-rays t o  an extent  of about 0.2 i n t e rna t iona l  rbntgens 

( r ) per  day :"1°9 This f i gu re  was approximately equivalent t o  10'5 

rijntgens per  second assuming a seven-hour working day, and i t s  

adoption should be viewed as  t h e  acknowledgment of a long-standing 

p rac t i ce  r a the r  than as an innovation. The in t e rna t iona l  recommendations 

a l s o  noted t h a t  no tolerance dose f o r  exposure t o  t he  gamma rays 

of  radium were ava i lab le ,  .but without c i t i n g  any reasons. 
110 



This omission may have been connected wi th  two newly discovered 

i n s t a n c e s  o f  i n j u r i e s  caused by radium and by radium emanation: t o  

radium d i a l  p a i n t e r s  and t o  a r s e n i c  miners.  I n  1924 and 1925, 

a p e c u l i a r  and sometimes f a t a l  n e c r o s i s  o f  t h e  jaw had been diagnosed 

i n  women working a s  dial p a i n t e r s  i n  a New J e r s e y  p l a n t .  '11 The 

women had i n g e s t e d  radium while t i p p i n g  t h e i r  brushes t o  a f i n e  p o i n t  

between t h e i r  l i p s .  The i n c i d e n t  f i r s t  came t o  t h e  a t t e n t i o n  o f  

t h e  pub l ic  through t h e  e f f o r t s  o f  t h e  New J e r s e y  Consumers' League, 

and only  a f t e r  it w a s  high ly  p u b l i c i z e d  through t h e  case  o f  t h e  

" f i v e  women doomed t o  death" d i d  government a u t h o r i t i e s  and t h e  

medical  p rofess ion  beyond t h e  l o c a l  community become a c t i v e l y  

i n t e r e s t e d .  An out-of-court  se t t l ement  w a s  reached i n  1928, 

bu t  s h o r t l y  t h e r e a f t e r  it was discovered t h a t  some of t h e  radium 

dial p a i n t e r s  were developing os teogenic  sarcomas a t  t h e  s i t e s  o f  

p rev ious ly  observed i r r i t a t i o n s  o f  t h e i r  bones. A t  about t h e  

same time as  t h e  i n i t i a l  d iscovery o f  "radium j a w , "  a lung d i s e a s e  

c h a r a c t e r i s t i c  o f  a r s e n i c  o r e  miners i n  t h e  Schneeberg mountains 

of Germany w a s  a t t r a c t i n g  t h e  a t t e n t i o n  o f  resea rch  workers 

sponsored by t h e  Saxon Regional Committee f o r  t h e  I n v e s t i g a t i o n  and 

Control  o f  Cancer. By t h e  e a r l y  1930s,  radium emanation i n  t h e  

Schneeberg mines and i n  t h e  uranium mines a t  Joachimstal  ( ~ z e c h o s l o v a k i a )  

had become a prime suspec t  a s  t h e  c a u s a l  agent o f  t h e  l u n g  cancer 

manifes t  i n  some of  t h e  miners.  
11 5 

Nei the r  t h e  radium d i a l  p a i n t e r s  

a f f a i r  nor t h e  Schneeberg and Joachimstal  miners i n c i d e n t  had been 

caused d i r e c t l y  by medical uses  o f  r a d i a t i o n ,  as e a r l i e r  r a d i a t i o n -  

induced i n j u r i e s  had been,  bu t  both  r a i s e d  ques t ions  about t h e  



long-term e f f e c t s  o f  using radium and radium emanation i n  theragg. 

Radium pro tec t ion  c l e a r l y  faced new and poorly understood challeiiges,  

and spec i fy ing  . . a to l e rance  dose i n  t h e  face  o f  these  unce r t a in t i e s  

may well  heve seemed unwise. 
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1 4 .  See Robert Reid, Marie Curie ( ~ e w  York: New American Library,  
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Med. Press ,  2 . ( 2 4  August 1921) 154-55. See a l s o  "X-Ray 
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Proc. Roy. Soc. Med. , Elec t ro therapeut ica l  Sect ion,  1 (1907- 
08) 1 - 1 4 ,  del ivered 25 October 1907. 
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C r i t i c a l  Note with Special  Reference t o  the  Erlangen Technique , I 1  

Med. Press ,  2 (30 August 1922.) 177-79. See a l so  
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Fund of Middlesex Hospital .  
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Hospital  f o r  Consumption, e t c . ;  l a t e  Consulting Radiologis t ,  
Aldershot Command), "The Place of t he  Radiologist  and h i s  
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df the Innsbruck meeting in Fortschr. Rdntaenstr., 32 
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Chapter 7 :  Epilogue: Mutation and P o l i t i c s ,  1927-35 

With t h e  formal adoption o f  t h e  t o l e r a n c e  dose i n t o  t h e  

recommendations o f  t h e  I n t e r n a t i o n a l  Commission f o r  X-ray and 

Radium P r o t e c t i o n  i n  1934, we have reached t h e  t e rmina l  d a t e  

f o r  t h e  p r e s e n t  s tudy,  but  I have b a r e l y  begun t o  touch on 

r a d i a t i o n  p r o t e c t i o n  a s  it i s  known and discussed today.  For 

most o f  t h e  f o r t y  odd y e a r s  s i n c e  1934, r a d i a t i o n  p r o t e c t i o n  i n  

medicine has been over-shadowed by p r o t e c t i o n  from nonmedical 

sources  o f  r a d i a t i o n ,  e s p e c i a l l y  nuc lea r  weapons and nuc lea r  

r e a c t o r s .  These more recen t  concerns have brought r a d i a t i o n  

p r o t e c t i o n  i n t o  t h e  p o l i t i c a l  a rena .  Pub l ic  involvement and 
. . . . . . . .  . 

' .:even in tervent ' ion were known befojre '1935, but  o n l y .  ' 

. . . . a f t e r  World'war I1 d i d  r a d i a t i o n  p r o t e c t i o n  . . become ,a g l o b a l  

p o l i t i c a l  i s s u e ,  debate'd i n  e l e c t o r a l  campaigns and among t h e  

r e p r e s e n t a t i v e s  o f  t h e  major powers. .  Cen t ra l  t o  t h i s  p o l i t i c a l  

debate  w a s  t h e  product ion of gene t i c  mutation by r a d i a t i o n ,  an e f f e c t  

I have b a r e l y  mentioned. The l a t e r ,  h igh ly  p o l i t i c a l  pe r iod  i n  t h e  

h i s t o r y  o f  r a d i a t i o n  p r o t e c t i o n  w i l l  be t h e  s u b j e c t  o f  a  second 

volume. A l l  I can hope t o  do i n  t h i s  b r i e f  epi logue,  which w i l l  

be expanded t o  a f u l l  chap te r  i n  t h e  publ ished vers ion  o f  t h i s  

s tudy ,  i s  t o  r a i s e  some ques t ions  about t h e  discovery o f  rad ia t ion-  

induced mutation,  about t h e  recep t ion  of t h i s  d iscovery before  World 

War 11, and about t h e  l i n k s  between t h e  e a r l i e r  p e r i o d  o f  r a d i a t i o n  

p r o t e c t i o n  t h a t  I have discussed above and t h e  l a t e r  p e r i o d  t h a t  

I hope t o  d i scuss  i n  t h e  f u t u r e .  



Cred i t  f o r  t h e  discovery o f  radia t ion- induced mutation i s  

g e n e r a l l y  given t o  t h e  American g e n e t i c i s t  H .  J .  Muller,  who i n  1946 

won t h e  Nobel P r i z e  f o r  t h i s  r esea rch .  I n  1927, when he  o f f e r e d  

t h e  d e c i s i v e  evidence t h a t  exposure t o  X-rays caused mutations i n  

t h e  f r u i t  f l y  Drosophila melanogaster,  Muller w a s  a p r o f e s s o r  a t  

t h e  Univers i ty  o f  Texas i n   ust tin.' Born i n  Brooklyn, he had 

been as a s tuden t  a member o f  t h e  "Drosophila group" at  Columbia 

Univers i ty  headed by T. H.  Morgan. Muller would l a t e r  l e a v e  Texas 

f o r  Europe, becoming Sen ior  G e n e t i c i s t  at  t h e  Sov ie t  ~ c a d e m y  o f  

sc iences  i n  Moscow from 1933 t o  1937. The a s s o c i a t i o n  wi th  Morgan 

and Muller ' s  l e f t i s t  p o l i t i c a l  views pose a c e n t r a l  problem i n  

d i scuss ing  h i s  d iscovery o f  radia t ion- induced mutat ion,  f o r  Muller 

. . . .  . , . himself  o f f e r e d  .two . s t r i k i n g l y  d i f f e r e n t  ve rs ions  o f  t h t  e a r l y .  . . 
. .  . . . ~. . . 

i n t e l l e c t ' u a i  . i n f l u e n c e s  t o  which he was sub jec ted .  . In .  an address  
. .  . . .  . 

at  Cold Spr ing  Harbor i n  1921, Muller emphasized t h e  c e n t r a l  

impprtance o f  Morgan t o  t h e  Columbia group.2 I n  1934, i n  an . a r t i c l e  

publ ished i n  a Sov ie t  t r i h u t e  t o   eni in, Muller denied Morgan's 

in f luence  and aver red  t h a t  t h e r e  had been among t h e  .Drosophila group 

a t  Columbia "a s t r o n g  d i r e c t  Marxian in f luence .  "3 

There i s  a temptat ion t o  dismiss  ' t h e  1934 a s s e r t i o n  a s  l e f t -  

wing c a n t ,  perhaps fo rced  on Muller by t h e  Russians o r  perhaps 

produced by h i s  own unfor tuna te  over-enthusiasm f o r  soc ia l i sm.  

The 1921 vers ion  o f  what happened a t  Columbia is  more c o n s i s t e n t  

wi th  o t h e r  accounts ,  and a l s o  more accep tab le  t o  c u r r e n t  h i s to r iography  

i n  a t t r i b u t i n g  t h e  primary i n f l u e n c e  . to  a f i g u r e  wi th in  sc ience .  

A second look,  hhwever, sheds doubt on t h i s  p re fe rence  f o r  t h e  1921 

vers ion .  Muller was.o 'f ten at odds wi th  Morgan over  pe rsona l  and 



s c i e n t i f i c  questions.4 Muller 's  l e f t i s t  views had been adopted 

by t h e  time he worked a t  Columbia, and p o l i t i c a l  d i f fe rences  might 

account f o r  the  mutual intransigence shown i n  the  disputes  between 

Muller and Morgan. A t  Cold Spring Harbor, t he re  would have been 

as much reason f o r  Muller t o  hide the  inf luence of h i s  l e f t i s t  

p o l i t i c a l  views as there  was reason t o  f l & t  t h a t  inf luence i n  

Moscow. Charles Davenport, a right-wing gene t i c i s t  and eugenic is t ,  

headed the  Biological Laboratory a t  Cold Spring   arbor i n  1921. 

Muller was probably del ighted with t h e  occasional i nv i t a t i ons  he 

received t o  spend summers a t  t he  Laboratory i n  t he  1920s s ince  he 

in tense ly  d i s l i ked  Texas f o r  personal ,  professional  and p o l i t i c a l  

r e a ~ o n s . ~  To discuss  l e f t i s t  inf luences before an audience a t  

Cold Spring,Harbor i n  t he  ea r ly  1920s wo,uld have been foolhardy, 
.. . 

and it would, .be una'erstandabie i f ' M u l l e r  omitted t h i s  p o l i t i c a l  
. . . . 

connection. 

I n t e r e s t  i n  the  p o s s i b i l i t y  of a p o l i t i c a l  influence i n  Muller's 

s c i e n t i f i c  work i n t e n s i f i e s  when we r e a l i z e  t h a t  ce r t a in  l e f t i s t  

influences current  around 1910, though not Marxist, could have 

pointed Muller toward h i s  experiments with rad ia t ion .  Muller was 

not ,  as  we have noted above, t h e  f i r s t  t o  attempt t o  produce 

genet ic  changes with X-rays o r  radium. Among those who had t r i e d  

as  ea r ly  a s  1911 was Jacques Loeb, a  German b io log i s t  who had 

emigrated t o  t h e  United.States  i n  t h e  1890s and who had become a  

close f r iend  of ~ o r ~ a n . ~  Loeb i s  most commonly remembered f o r  h i s  



discovery o f  a r t i f i c i a l  par thenogenesis ,  a procedure i n  which 

embryological  development o f  an  egg i s  i n i t i a t e d  by t reatment  wi th  

a s a l t  s o l u t i o n  o r  even by t h e  p r i c k  o f  a p i n  r a t h e r  t h a n  by 

f e r t i l i z a t i o n .  This  experimental  work was l i n k e d  t o  t h e o r e t i c a l  

preoccupat.ions. Loeb was h e i r  t o  a r e d u c t i o n i s t  t r a d i t i o n  i n  

biology and medicine. He be l i eved  t h a t  all o f  l i f e  w a s  r e d u c i b l e  

, t o  phys ica l  and chemical l a w s  and emphasized t h a t  th.is a s s e r t i o n  was 

a f i r s t  p r i n c i p l e  r a t h e r  than a l i m i t e d  methodological  assumption. 

Like h i s  predecessors ,  whom Fleming c a l l s  t h e  "medical m a t e r i a l i s t s , "  

~ o e b - ' s  reduct ionism was combined wi th  l e f t i s t  p o l i t i c a l  views, t h e  

common r o o t  o f  both being an uncompromising mate r ia l i sm.?  By .the 

time of  h i s  death i n  1924, Loeb w a s  p a r t  o f  t h e  American s o c i a l i s t  

... scene a s s o c i a t e d ' w i t h  Thors te in  Veblen, H .  L. Mencken and S i n c l a i r  
. , . . 

Lewis. . . .. .. 
. . 

I n  promoting reduc t ion ,  t h e  l e f t i s t  medical m a t e r i a l i s t s  o f t e n  

f a i l e d  t o  d i s t i n g u i s h  between an explanat ion o f  b i o l o g i c a l  phenomena 

i n  terms o f  physiochemical l a w s  and a b i o l o g i c a l  e f f e c t  brought about 

by phys ica l  and c h e f i c a l  means. Loeb's b e s t  knowh work, The 

Mechanist ic C o n c e ~ t i o n  .of L i f e  can,  without much d i s t o r t i o n ,  be 

desc r ibed  as v a r i a t i o n s  on t h i s  confusion.  Loeb o f f e r e d ,  as evidence 

f o r  t h e  v a l i d i t y  o f  reductionism, phenomena l i k e  par thenogenesis  

and phototropism f o r  which he  had no exp lana t ion  i n  p h y s i c a l  and 

chemical terms,  but  i n  which phys ica l  agen t s  brought about uniquely 

b i o l o g i c a l  events .  Radiation-induced mutation would have been a 

va luab le  a d d i t i o n  t o  t h e  armamentarium of  t h e  medical m a t e r i a l i s t s .  



Could Loeb's mate r ia l i sm have in f luenced  Muller,  and could t h i s  

in f luence  be t h e  one he i d e n t i f i e d  l a t e r ,  i n a c c u r a t e l y ,  as 

"Marxi an"? 

Muller ' s  i n i t i a l  e f f o r t s  i n  t h e  l a t e  1910s and e a r l y  1920s 

t o  induce mutation f a i l e d  t o -  provide conclus ive  evidence.  Muller ' s  

success  i n  1927 was followed quickly  by t h e  success  o f  L. J .  S t a d l e r ,  

who working independently produced radia t ion- induced mutations i n  

corn.9 P l a n t  g e n e t i c s  and Drosophila gene t i cs  were r e l a t e d  but  

d i s t i n c t  f i e l d s .  Was t h e  simultaneous demonstration o f  r a d i a t i o n -  

induced mutation a c c i d e n t a l ,  o r  were t h e r e  f e a t u r e s  i n  common between 

Mul le r ' s  work and S t a d l e r ' s ?  

Radiation-induced mutation qu ick ly  a t t r a c t e d  r e d u c t i o n i s t  6 

. . .. . .  ,:. . . . . '  . .  . 

. . e f f o r t s  t o  exp la in  mutation i n  terms o f  physical 'a r id  cheni'ical . . .  
. . 

. . 
. . even t s  l i k e  i o n i z a t i o n  and.  chemical r e k c t i o n s  . These e f . fo r t s  . . .  

succeeded i n  1935, when t h r e e  a t t i n g e n  s c i e n t i s t s  app l ied  Dessauer 's  

"point-heat" theory  t o  experimental  s t u d i e s  o f  radia t ion- induced 

mutation.  N. W. Timofgeff-Ressovsky ( a  g e n e t i c i s t ) ,  K .  G. Z i m e r  

( a  r a d i a t i o n  b i o l o g i s t ) ,  and M. DelbrGck ( a  p h y s i c i s t ) '  demonstrated 

t h a t  mutation was a s i n g l e - h i t  p rocess ,  i n  which only a s i n g l e  

i o n i z a t i o n  event  w a s  r equ i red  t o  produce t h e  observed l i n e a r  dose- 

e f f e c t  r e l a t i o n s h i p  .lo This  work, though no longer  considered 

v a l i d  i n  t h e  form i n  which it w a s  p resen ted ,  played a . c e n t r a l  r o l e  

i n  twent ie th-century biology,  i n s p i r i n g  Erwin Schr6d inger f s  popular  

r e d u c t i o n i s t  p r e s e n t a t i o n  ''.What i s  L i fe?"  and l e a d i n g  thereby t o  

James Watson's overweening f a i t h  i n  t h e  molecular c h a r a c t e r  of t h e  

gene.11 For our  purposes,  however, t h e  most important f e a t u r e  of 



t h i s  Dre iennerwerk  was t h a t  it d i r e c t l y  c o n t r a d i c t e d  t h e  assumption 

o f  a t o l e r a n c e  dose.  If t h e  "point-heat"  theory.was  c o r r e c t  and 

mutation was a s i n g l e - h i t  p rocess ,  t h e r e  w a s  no t h r e s h o l d  e v e n . a t  

very low doses.  The t o l e r a n c e  dose would not provide t h e  abso lu te  

p r o t e c t i o n  t h a t  it appeared t o  promise. 

This p o s s i b i l i t y  r a i s e d  two quest ions:  should mutati0.n be 

considered i n  r a d i a t i o n  p r o t e c t i o n ,  and d i d  t h e  l i n e a r  r e l a t i o n s h i p  

between dose and mutation found i n  t h e  l a b o r a t o r y  e x i s t  as w e l l  

i n  t h e  r e a l  world? Both o f  t h e s e  ques t ions  en ta i l ed . ,  and t o  

some degree cont inue t o  e n t a i l ,  profound d i f f i c u l t i e s  f o r  t h e  

r a d i o l o g i c a l  community and f o r  t h e  p u b l i c .  No one has ever  demonstrated 

radia t ion- induced mutation .outs ide  t h e  l a b o r a t o r y ,  and even i n s i d e  , 

. . . . 

t h e  l a b o r a t o r y  t h e .  demonstration f o r  low doses ,  though apparen t ly  . . 

s t r a i g h t f o f w a r d ,  involves  numbers o f  t e s t  animals s o  l a r g e  t h a t  

t h e  experiment l i e s  beyond imaginable c a p a b i l i t i e s .  The demonstration 

of radia t ion- induced mutation a t  low doses thus  l i e s  i n  t h e  sphere  

o f  what Alvin Weinberg has c a l l e d  " t ranssc ience , "  t h e  sphere  o f  

ques t ions  t h a t  can reasonably  be asked o f  sc ience  bu t  which 

sc ience  cannot.answer.  l2 Here, a s  i n  Chapter 2 ,  we s e e  t h e  gap 

between t h e  l a b o r a t o r y  and t h e  c l i n i c  opening wide. Experiments 

can show, i n  t h e  a r t i f i c i a l  world of c o n t r o l l e d  experiments with 

f r u i t  f l i e s ,  t h a t  mutation i s  apparen t ly  a one-hit  p rocess  f o r  which 

t h e r e  is. no th resho ld .  I n  p r a c t i c e ,  however, we do no t  know t h e  

re levance o f  t h e s e  experiments f o r  mutation i n  hum& be ings ,  and t h e  

s c v e y ~  undertaken deginning i n  t h e  l a t e  1920s concerning gene t ic  damage 

i n  human beings exposed t o  r a d i a t i o n  have not  shown s i g n f i c i a n t  

r esu l t s . .  1 3  



Given t h i s  uncertainty,  it i s  not surpr i s ing  t h a t  t he  views 

of both s c i e n t i s t s  and nonsc ien t i s t s  on the  importance of genet ic  

e f f ec t s  has been very varied,  o f ten  depending more on c u l t u r a l  and 

p o l i t i c a l  values than on v e r i f i a b l e  evidence. As ea r ly  a s  1933, a 

Jo in t  Committee on t h e  Question of Genetic Damage of t he  German 

~ o c i e t g  f o r  t he  Science of  Heredity and of t he  German Rontgen Society,  

although recognizing t h a t  i n  individual  cases it could never be 

proven whether rad ia t ion  had caused genet ic  damage, urged the  

g rea t e s t  caut ion i n  medical i r r a d i a t i o n  because of t h e  p o s s i b i l i t y  

of damage t o  t h e  "germinal her i tage  of our nation."14 The Nat iona l i s t  

S o c i a l i s t  emphasis on genet ic  pu r i ty  and eugenic progress had 

already had an impact i n  professional c i r c l e s .  Outside Germany, 
. . . . .. . 

. . .  genet ic  r i s k s  seem. t o  have .been. largely ignored, desp i te  Muller 's  . . ' 

. . -  

.. . . pleas ,  before ~ o r l k  War 11,. The tolerance dose continued' i n  i d = , .  

and the  laboratory experiments showing a  l i n e a r  dose-effect re la t ion-  

sh ip  did not en t e r  i n t o . t h e  consideration of t h e  pro tec t ion  committees, 

na t iona l  o r  in te rna t iona l .  Knowing l i t t l e  about gene t ics ,  many 

p h y s i c i a s  appear t o  have regarded genet ic  damage as  a  s c i e n t i f i c  

invention: unworthy of t he  c l i n i c i a n ' s  a t t en t ion  and a  t h r e a t  t o  t he  

p rac t i ce  of  the  profession. The publ ic ,  though occasionally made 

aware of t h e  f a c t  of genet ic  r i s k s ,  d id  not reac t  s t rongly t o  t h i s  

apparently d i s t an t  t h r e a t .  

After  World War 11, the  s i t u a t i o n  changed rap id ly  and genet ic  

e f f ec t s  took on major s ignif icance.  S c i e n t i f i c  understanding of 

genet ic  e f f e c t s  did not undergo a major transformation, but t he  

p o l i t i c a l  s i t u a t i o n  did.  There was no b e t t e r  evidence f o r  radiat ion-  



induced mutation than before,  but Muller 's  pleas  were not ignored. 

I n  p a r t ,  t h i s  change had t o  do with t h e  atomic bomb, which r a i sed  

rad ia t ion  protect ion t o  a  l e v e l  of publ ic  i n t e r e s t  t h a t  it had 

not known before.  The d i s t a n t  t h r e a t  of '  genet ic  damage t o  fu ture  

generations became s t rongly  associated i n  t he  publ ic  eye with the  

overwhelming des t ruc t ive  capac i t ies  demonstrated a t  Hiroshima and 

Nagasaki. The change i n  t h e  s ignficance accorded,genet ic  ' e f fec ts  

was espec ia l ly  dramatic i n  t he  United S t a t e s ,  where domestic p o l i t i c s  

may have been an important contr ibut ing f ac to r .  The domestic 

component of the  Cold War, known i n  t h e  United S ta t e s  as  "the 

McCarthy period," l e d  t o  a  post-.War purge of Communists and 

. . 
, . Commun,ist sympathizers and t h e  .harassment of more moderate Ief t i ' s ts . .  

. . . . 

~ h e s e  widespread e f f o r t s  cut o f f  a well-educated and a r t i c u l a t e  grsup 
' , 

.. : 

of Americans from p o l i t i c a l  expression. Disi l lusioned with the  

Soviet  Union and l e d  by s c i e n t i s t s  l i k e  Muller and Linus Pauling, 

some of these  l e f t i s t s  found an o u t l e t  f o r  t h e i r  p o l i t i c a l  views 

i n  antibomb campaigns t h a t  s t rongly emphasized rad ia t ion  . e f f ec t s ,  

espec ia l ly  t he  genet ic  r i s k s  from low l e v e l s  of exposure due t o  

atmospheric weapons t e s t i n g .  I f  t h i s .  view i s  co r r ec t ,  mutation. had 

come f u l l  c i r c l e ,  re turn ing  t o  the  American l e f t i s t  t r a d i t i o n  from 

which I have suggested Mullert .s .experiments arose.  

With the  atomic bomb a l so  came a degree of governmental and 

i n d u s t r i a l  involvement i n  rad ia t ion  pro tec t ion  and i n  r ad i a t ion  

research t h a t  had not been known previously. Both t h e  American 



and t h e  German bomb p r o j e c t s  gave cons iderab le  emphasis t o  b i o l o g i c a l  

and medical r esea rch .  How d i d  t h i s  concern come about ,  and what 

was i t s  l a s t i n g  impact on r a d i a t i o n  p r o t e c t i o n  and on r a d i a t i o n  

biology and physics?  There i s  a  n a t u r a l  tendency t o  assume t h a t  

governmental involvement has been c r i t i c a l ,  and a s  a r e s u l t  t o  

i n d i c t  governmental bureaucracy f o r  today ' s  problems i n  c o n t r o l l i n g  

r a d i a t i o n  r i s k s  and o t h e r  modern t echnolog ica l  t h r e a t s .  S i m i l a r l y ,  

t h e r e  i s  a  tendency t o  see  t h e  s c a l e  o f  modern i n d u s t r y  as an 

important f a c t o r  i n  c o n f l i c t s  over  r a d i a t i o n  protec,tion.15 To be 

s u r e ,  t h e  r i s k s  and b e n e f i t s  a s s o c i a t e d  wi th  r a d i a t i o n  have grown 

enormously s i n c e  t h e  advent of nuc lea r  weapons and nuc lea r  power. 

I t  may, however, be t h a t  power u t i l i t i e s  and m i l i t a r y  o rgan iza t ions  
. -  . . . 

. r e a c t  today t o  r a d i a t i o n  r i s k s  and t o  organized p u b l i c  p r e s s u r e  i n  ' 
I 

. . 

ways t h a t  are similar to .  t h e  ways' i n  ,which t h e i r  analogs be fore  

World War 11, t h e  promoters o f  X-rays and radium i n  medicine,  r e a c t e d  

t o  more spontaneous pub l ic  concern. Radia t ion p r o t e c t i o n  may 

cont inue t o  depend on t h e  c l a s h  o f  l a y  f e a r s  and p r o f e s s i o n a l  

e f f o r t s  t o  a l l a y  those  f e a r s .  

Government r e g u l a t o r y  a u t h o r i t i e s ,  from t h i s  p e r s p e c t i v e ,  would 

be b u f f e r s  between c o n f l i c t i n g  i n t e r e s t s ,  and as a r e s u l t  it would 

be a mistake t o  read  t h e  c o n s t i t u t i o n a l  mandate o f  r e g u l a t o r y  bodies  

t o o  l i t e r a l l y .  The capac i ty  o f  government on i t s  own t o  c o n t r o l  

t echnolog ica l  r i s k s  may have been v a s t l y  over-valued by a p u b l i c  

auxious f o r  more p r o t e c t i o n  from r a d i a t i o n  and promoters anxious f o r  

more p r o t e c t i o n  from t h e  pub l ic .  E f f e c t i v e  regu la t ion  even today 

appears  t o  r e l y  heav i ly  on p r o f e s s i o n a l  o rgan iza t ions ,  t r a d e  

a s s o c i a t i o n s ,  insurance companies, c i t i z e n  groups,  t h e  c o u r t s  and 



t h e  news media. Rather than regarding t h i s  s i t u a t i o n  as a temporary 

and unfor tunate  s t a t e  o f  confusion,  as i s  o f t e n  done i n  evolving 

suggest ions  f o r  reform, we can begin t o  regard  it as a r e g u l a t o r y  

system and s tudy  i t s  mode o f  opera t ion  f o r  t h e  l i g h t  it may shed 

on how s o c i e t y  can come t o  terms wi th  o t h e r  t echnolog ica l  r i s k s .  

I n  such a  s tudy ,  t h e  pre-World War I1 h i s t o r y  o f  r a d i a t i o n  p r o t e c t i o n  

can h e l p  t o  focus a t t e n t i o n  on t h o s e  nongovernmental i n s t i t u t i o n s  

t h a t  may contfnue t o  p l a y  an  important r o l e .  

The re levance o f  pre-World War I1 exper ience t o  post-war events  

becomes more s t r i k i n g  when we recognize  t h a t  today ' s  i n t e r n a t i o n a l  

i n s t i t u t i o n s  f o r  r a d i a t i o n  p r o t e c t i o n  r e l y  heav i ly  on a d i r e c t  

descendant o f  t h e  I n t e r n a t i o n a l  Commission on X-ray and Radium 

P r o t e c t i o n  c r e a t e d  i n  1928. The present-day body is c a l l e d  t h e  

1nternat io :nal  Compission on ~ a d i o l o ~ i c a l  P r o t e c t i o n  '( 1- ) . 
. . . . 

A nongovernmental body t h a t  i s  s t i l l  c o n s t i t u t i o n a l l y  a c r e a t u r e  of 

t h e  I n t e r n a t i o n a l  Congress o f  Radiology, t h e  ICRP i s  t h e  source  o f  

b a s i c  p r o t e c t i o n  recommendations t h a t  a r e  widely recognized .as 

a u t h o r i t a t i v e .  Based i n  p a r t  on t h e  assessments o f  r a d i a t i o n  

r i s k s ,  l e v e l s ,  pathways and sources  prepared by t h e  United Nations 

S c i e n t i f i c  Committee on t h e  E f f e c t s  o f  Atomic Rad ia t ion ,  t h e  ICRP 

recommendations a r e  used by both  international'organizations and 

n a t i o n a l  governments i n  formulat ing more b ind ing  l e g a l  p rov i s ions .  

There i s  disagreement wi th  t h e  recommendations of t h e  ICRP, which 

now inc lude  a l i m i t a t i o n  on t h e  g e n e t i c a l l y  s i g n i f i c a n t  dose t o  t h e  

genera l  populat ion,  and i n , r e c e n t  years  doubts have been expressed 

hnth, sbout i t o  r i g h t  t a  do what i t  does -and i t s  a b i l i t y  t o  c c s t i n u e .  



The present fact remains, however, that the ICRP and the system 

of which it is a part is a striking example of how mid-twentieth 

century society has come to terms with risks posed by science-based 

technology. How this system operates and why it is effective are 

key questions for future analysis. 
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