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A r a d i a t i o n  a c c i d e n t  may involve persons only,  o r  i t  may involve  equipment o r  t h e  
environment a lone ,  o r  any combination of  persons,  equipment and environment. For 
t h e  purposes of t h i s  paper ,  w e  s h a l l  conf ine  our observa t ions ,  f o r  t h e  most p a r t ,  
t o  those  events  t h a t  have involved persons t o  the  e x t e n t  t h a t  they requi red  medical 
a t t e n t i o n .  

Never the less ,  we emphasize t h e  great importance of  t h e  phys ic ian  always being kept  
informed of d e t a i l s  of those a c c i d e n t s  which involve only equipment o r  environment, 
because f r e q u e n t l y  i t  i s  only by chance t h a t  such a c c i d e n t s  d i d  n o t  a l s o  i n v s l v e  
persons.  
i n  a p a r t i c u l a r  a c c i d e n t ,  i t  is  important  t o  know why i t  occurred s i n c e  a l i t t l e  
more r a d i a t i o n  r e l e a s e d  i n  s i m i l a r  c i rcumstances could b e  very  s e r i o u s  indeed. ' 

When phys ic ians  seek t o  l e a r n  from acc idents  involv ing  only  equipment o r  environment, 
they should analyze t h e  de t a i l s  i n  t h e  l i g h t  of how persons might have been a f f e c t e d ,  
had they been p r e s e n t ;  what prevent ive,measures  should be taken i n  t h e  f u t u r e ;  and 
what medical a c t i o n  should be preplanned t o  a s s i s t  any p o s s i b l e  v i c t i m .  
example, i n s t a n c e s  of s t a c k - r e l e a s e s  of tritium or  a bench-sp i l l  o f  plutonium, 
even though persons were not  involved,  should be  reviewed i n  t h e  l i g h t  of whether 
p r o t e c t i v e  c l o t h i n g  and r e s p i r a t o r s  should be  worn by employees dur ing  such 
o p e r a t i o n s  i n  t h e  f u t u r e .  O r ,  assuming t h a t  a worker had inha led  tritium, what 
amounts of  f l u i d s  should be forced;  should d i u r e t i c s  o r  c h e l a t i n g  agents  be used;  
how f r e q u e n t l y  should b ioassays  be performed; is h o s p i t a l i z a t i o n  needed, e t ? ,  
e t c .  

For t h i s  d i s c u s s i o n ,  we s h a l l  d i v i d e  r a d i a t i o n  a c c i d e n t s  i n t o  two b a s i c  typ  i . 
One type is t h a t  in which a person i s  i r r a d i a t e d  wi thout  any r a d i o a c t i v e  m a t e r i a l  
coming i n t o  c o n t a c t  with t h e  body. I n  t h e  o t h e r  type,  r a d i o a c t i v e  m a t e r i a l a  do 
come i n t o  c o n t a c t  wi th  t h e  body o r  e n t e r  i t .  Fur ther ,  we s h a l l  e l i m i n a t e  Inc idents  
i n  which radium, o r  uranium and thorium o r e s  have been involved.  As reasonable  
c u t - o f f s  f o r  t h e  lower l e v e l  of  r a d i a t i o n  which may have medical s i g n i f i c a n c e ,  we 
have taken 15 o r  more rem whole body f o r  e x t e r n a l  i r r a d i a t i o n ;  f o r  i r r a d i a t f o n  
from i n t e r n a l l y - d e p o s i t e d  body burdens of r a d i o i s o t o p e s  we have taken one-half  
of  a body burden, as def ined  by the  I C R P .  

Although t h e  amount of  i r r a d i a t i o n  o r  i s o t o p e  r e l e a s e  may have been smaly 

For 

To show t h e  e x t e n t  and c h a r a c t e r i s t i c s  of t h e  USAEC experience1J2 i n  r a d i a t i o n  
a c c i d e n t s  we w i l l  p r e s e n t  t h r e e  t a b l e s .  The f i r s t  is an a d a p t a t i o n  and updat ing 
of  a t a b l e  o r i g i n a l l y  compiled by Gerstner3 i n  1957. 
of e v e n t s  and number of  persons wi th  r e s p e c t  t o  t h e  c a l c u l a t e d  o r  measured 
r a d i a t i o n  doses ,  t h e  medical experience t h a t  r e s u l t e d ,  and t h e  c l i n i c a l  c m r s e  
in-rms of prognosis .  The t a b l e  could be  ampl i f ied  by t h e  h i s t o r i e s  of pers:c.r 
exposed t o  a f a l l o u t  f i e l d ,  of persons r e c e i v i n g  documented whole body t h e r a -  
p e u t i c  i r r a d i a t i o n  ( a t  least  750)4  and of a few v o l u n t e e r s .  The d a t a  f rom a l l  
t h e s e  c l e a r l y  confirm t h e  medical observa t ions  made on persons involved i n  the 
l i s t e d  a c c i d e n t s .  

This  t a b l e  shows t h e  nuabcr 

Three p o i n t s  shown i n  Table  I should be emphasized. The f i r s t  is t h a t  persons 
r e c e i v i n g  whole body i r r a d i a t i o n  amounting t o  150 r e m  (or p o s s i b l y  200 rem) or 
more should a l w a y s  be  h o s p i t a l i z e d ;  where t h e  dose i s  less than 150 rem the  
people  can probably be handled s u c c e s s f u l l y  on a n  o u t p a t i e n t  b a s i s  u n l e s s  

, c l i n i c a l  r e s e a r c h  procedures  a r e  t o  be  c a r r i e d  o u t .  Doses of less than 25 rem 
a r e  n o t  l i k e l y  t o  show even t r a n s i e n t  s i g n i f i c a n t  e f f e c t s ,  even s e n s i t i v e  
r e a c t i o n s  such as chromosomal changes. Since the  c l i n i c a l  p i c t u r e  of a c u t e  
r a d i a t i o n  s i c k n e s s  r e p o r t e d  from m u l t i p l e  sources  a g r e e s  w i t h  t h e  d a t a  from 
experimental  animals ,  we b e l i e v e  that the  p a t t e r n s  of  r e a c t i o n  by t h e  v a r i o u s  
t i s s u e s  are reasonably  t r u e  and can be used as a b a s i s  f o r  therapy and somewhat 
more c a u t i o u s l y  f o r  prognosis .  However, our p r e s e n t  knowledge of delayed e f f e c t s  
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based on experiences w i t h  man exposed t o  very  low dosage l e v e l s ,  does n o t  
prognosis  about  f e r t i l i t y ,  g e n e t i c  damage, c a t a r a c t s ,  longevi ty  o r  o t h e r  poss ib le  
long-term chronic  r e a c t i o n s .  

warrant  

There is  a mi ld ,ear ly ,  r e a c t i o n  by the  r a d i o s e n s i t i v e  hematopoiet ic  system 
expressed a s  a t r a n s i e n t  lymphopenia i n  i n d i v i d u a l s  who r e c e i v e  a whole body 
exposure of  about  50 r e m .  With l a r g e r  doses the  r e a c t i o n  i s  more prompt, e x t e n s i v e  
and involves  a l l  o t h e r  c e l l  types.  Therefore ,  such persons should r e c e i v e  imme- 
d i a t e ,  repea ted  complete hematological  s t u d i e s ,  even though t h e r e  a r e  no c l i n i c a l  
symptoms o r  s igns  of i r r a d i a t i o n .  
examined by c o n s u l t a n t s ,  and e n t e r e d  i n  the  i n d i v i d u a l ' s  personal  h e a l t h  record  
f o r  medicolegal reasons.  
whether whole body i r r a d i a t i o n  can be d i s t i n g u i s h e d  from l o c a l  or  f r a c t i o n a l  
i r r a d i a t i o n  and whether the  s i z e  of t h e  exposure can be  es t imated  by biochemical 
tes ts ,  e s p e c i a l l y  those  based on the e x c r e t i o n  of unusual kinds o r  amounts of 
amino-acids i n  t h e  u r i n e  (hydroxyprol ine,  c y s t i n e ,  t a u r i n e ,  beta-amino i s o b u t y r i c  
a c i d ,  e t c . ) .  A s  of now nothing d e f i n i t i v e  has been demonstrated t o  be r e l a t e d  
t o  l e v e l  of  exposure, b u t  a l l  u r i n e s  should be c o l l e c t e d  and f rozen  f o r  s tudy  
by t h e  phys ic ian  o r  h i s  co l leagues .  

The blood s t u d i e s  should be documented, 

Extensive researches  a r e  being c a r r i e d  o u t  t o  determine 

When t h e r e  has been a s i n g l e  exposure of no more than 25 rem we are i n c l i n e d  t o  
a l low t h e  man t o  cont inue working wi th  r a d i a t i o n  e s p e c i a l l y  i f  the  permiss ib le  
cumulat ive exposure of 5(N-18) rem (where M r e p r e s e n t s  t h e  worker 's  age) has  
n o t  been exceeded. 

6 I f  t h e  dose i s  200 rem o r  more h o s p i t a l i z a t i o n  is  c e r t a i n l y  i n d i c a t e d  and some 
degree of t h e  a c u t e  r a d i a t i o n  syndrome a s  descr ibed by Thoma and Wald , Shipman , 
Hempelmann7, Haster l ik8,  and Brucerg w i l l  be  observed. 
t h e  dosage t h e  more abrupt ,  i n t e n s e ,  and p r o t r a c t e d  is  t h e  syndrome. When t h e  
r a d i a t i o n  dosage l i e s  between 400 and 800 rem whole body, and e s p e c i a l l y  between 
600 and 800 rem, dea th  i s  expected t o  occur no mat te r  what therapy i s  i n s t i t u t e d .  
But s i n c e  t h e r e  have been few exposures i n  t h i s  l a t t e r  span i t  i s  e x a c t l y  t h e  
one i n  which w e  have l e a s t  experience.  I f  the  sp leen ,  l i v e r ,  o r  p a r t s  of t h e  
bone marrow a r e  p r o t e c t e d  and escape being i r r a d i a t e d ,  t h e  chances of s u r v i v a l  
with " la rge"  doses i n c r e a s e  g r e a t l y .  The lessons  t o  be  emphasized a r e  the  
importance of  keeping t h e  v i c t i m s  i n  i n d i v i d u a l  p r i v a t e  rooms and us ing  s t e r i l e  
procedures;  a l lowing r e s t r i c t e d  v i s i t s  from next  of k i n  only ;  and i n s t i t u t i n g  
immediate and cont inuing  c l i n i c a l  and l a b o r a t o r y  observa t ions .  P a r t i c u l a r  
a t t e n t i o n  should be  paid t o  c o l l e c t i n g  a 50 mi l l i l i t e r  sample of blood f o r  
Sodium 24 assay ,  i f  neut rons  have been involved;  t h e  u r i n e  should be saved f o r  
biochemical a n a l y s i s .  Changes i n  t h e  p e r i p h e r a l  blood,  t h e i r  appearance, 
s e v e r i t y  and r a p i d i t y  of  change and t h e  n a t u r e  an.d t iming of c l i n i c a l  s i g n s  
such a s  nausea, vomiting and f a t i g u e  should be recorded s i n c e  they are t h e  
b a s i s  f o r  determining t h e  genera l  range of exposure, i n d i v i d u a l  r e a c t i o n  t o  
exposure, and probably prognosis .  

5 
Natura l ly ,  t h e  l a r g e r  

Superior  nurs ing  and s e d a t i o n ,  as needed, do much t o  c o n t r o l  t h e  i n e v i t a b l e  
psychic  r e a c t i o n s  of t h e  p a t i e n t  and s t a b i l i z e  him, Often t h e  p a t i e n t ' s  family 
r e q u i r e s  medical a s s i s t a n c e .  The number of casua l  v i s i t o r s  and i n t e r l o p e r s  rrajr 
be  q u i t e  s u r p r i s i n g .  

F i n a l l y ,  i t  is  wel l  t o  have e s t a b l i s h e d  working r e l a t i o n s  w i t h  t h e  l o c a l  news- 
papers  and/or  publ ic  r e l a t i o n s  people ,  so t h a t  j o u r n a l i s t i c  sensa t iona l i sm w i l l  
be kept  t o  a minimum. 

When e a r l y  h e a l t h  physics  and medical observa t ions  suggest  v e r y  h igh  whole body 
dosages wi th  s t i l l  a chance of s u r v i v a l ,  e a r l y  t rea tment  i n  the  form o f  as 
n e a r l y  isologous a s  p o s s i b l e  bone marrow t r a n s p l a n t s  should be  i n s t i t u t e d  

1 0 0 4 1 1 2  
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immediately even though t h e  r e s u l t  of such therapy may be  hazardous i f  the  
i r r a d i a t i o n  dose i s  n o t  high enough t o  i n h i b i t  t h e  immune mechanisms. 

I f  t h e r e  i s  a discrepancy between t h e  r a d i a t i o n  dose as computed from i n s t r u -  
ments by the  h e a l t h  p h y s i c i s t  and t h e  dose judged from the  c l i n i c a l  r e a c t i o n s  
of t h e  p a t i e n t ,  w e  b e l i e v e  t h a t  the  c l i n i c a l  judgment should p r e v a i l .  
s e n s i t i v i t y  v a r i e s  from p a t i e n t  t o  p a t i e n t  and bes ides  t h e  t reatment  i s  based 
on symptomatic p r i n c i p l e s .  

Radia t ion  

Even though dea th  appears  t o  be a n  i n e v i t a b l e  outcome, t h e  phys ic ian  respons i -  
b l e  f o r  therapy i s  j u s t i f i e d  i n  any and a l l  t h e r a p e u t i c  procedures. Only from 
such s t u d i e s  may medicine look forward t o  progress  i n  saving l i v e s  endangered 
by apparent ly  l e t h a l  doses of r a d i a t i o n .  
use therapy on ly  when i t  was c l e a r l y  i n d i c a t e d ;  the  European approach seems t o  
be  the  employment of many procedures and drugs. 
followed both regimes i t  does not  seem worthwhile t o  a rgue  over which i s  b e t t e r - -  
e s p e c i a l l y  s i n c e  symptomatic-replacement concepts a r e  our only guides  t o  therapy. 

The American a t t i t u d e  has  been t o  

B u t  s i n c e  good r e s u l t s  have 

The second p o i n t  t o  come from t h i s  t a b l e  i s  t h e  l a c k  of knowledge about  t h e  s i g n s  
o r  symptoms i n  persons whose r a d i a t i o n  dosage was 1000 rem and over ,  and hence 
t h i s  i s  l e f t  blank. Three of  these  cases  were S L - 1  v ic t ims  who d ied  v e r y  quick ly  
from t h e  mechanical e f f e c t  o f  a c r i t i c a l i t y .  They would, unquest ionably,  have 
d i e d  of r a d i a t i o n ,  i f  t h e  t raumatic  e f f e c t  had not  predominated; t h e r e  were no 
observed r a d i a t i o n  e f f e c t s  i n  these  people, The f o u r t h  person was involved i n  
t h e  1958 c r i t i c a l i t y  a t  Los Alamos. The dose t o  t h e  head was es t imated  t o  be i n  
t h e  r e g i o n  of 12,000 rem and he e x h i b i t e d  an immediate c e r e b r a l  (CNS) depressant  
s t a t e  with death ensuing i n  35 hours a s  descr ibed  below, 
CNS undoubtedly predominates fol lowing doses above 3000 r e m  b u t  we a r e  lack ing  
c l i n i c a l  information about  r e a c t i o n s  t o  doses i n  the range of 1000 t o  3000 ren. 
Ext rapola t ion  from animal experiments p o i n t  t o  the s o - c a l l e d  "gu t  death"; 
in ferences  from the  experiences a t  Hiroshima and Nagasaki a r e  more confusing 
than h e l p f u l .  

Acute depress ion  of  the 

The t h i r d  p o i n t  i l l u s t r a t e d  b y  the  t a b l e  i s  the pauc i ty  of  exposures having 
medical s i g n i f i c a n c e ,  cons ider ing  the  1 9  year e x i s t e n c e  of t h e  indus t ry .  In the  
nuc lear  energy indris t ry  i n  t h e  tiSA s i n c e  1943, there  have been 230 f a t a l  a c c i d e r t s  
of which r a d i a t i o n  p e r  se was r e s p o n s i b l e  f o r  o n l y  3' and each o f  t h e s e  d e a t t s  
was t h e  r e s u l t  of a c r i t i c a l i t y  inc ident .  I n  over 3 b i l l i o n  man-hours of work 
a t  r i s k ,  t h e r e  have been only 10 i n c i d e n t s  i n  which 41 persons rece ived  more t t a n  
15 rem exposure a c u t e l y ,  and only 14 persons rece ived  exposures of over 200 r e m .  

Each f a t a l  i n c i d e n t  provided va luable  lessons. Tbe f i r s t  LOS Alamos a c c i d e n t  
occurred dur ing  a c r i t i c a l i t y  experiment i n  1945. Two persons were exposed t o  
a mixture  of f a s t  neut rons  and gamma-rays c a l c u l a t e d  t o  g ive  doses of  590 a r d  
31 rem, r e s p e c t i v e l y .  The man who rece ived  590 rem and d ied  26 days la ter  
dropped a t o o l  on t h e  assembly and s t a r t e d  t h e  chain r e a c t i o n ;  he might h a r e  sur- 
vived  had he n o t  a t  once reached i n  r e f l e x i v e l y  t o  disassemble t h e  experiment and 
s t o p  t h e  r e a c t i o n .  A s  a r e s u l t  of  t h i s  experience a l l  such procedures  a r e  now 
c a r r i e d  out  by remote c o n t r o l  i n  such a way t h a t  the  assembly may be au tomat ica l ly  
dumped; no longer  can a worker manually dismantle  an experiment of  t h i s  na ture .  
Because no f i l m  badges were worn, t h e  dose had t o  be computed from the  amount of 
Sodium 24 a c t i v a t e d  from Sodium 23 i n  t h e  blood. Then, as now, a number of 
assumptions go i n t o  the  c a l c u l a t i o n s  and confidence i n  i t s  p r e c i s i o n  i s  n o t  high.  
Nevertheless  i t  i s  b e t t e r  than nothing and should be a t tempted;  hopefu l ly  a c t i v a -  
t i o n  f o i l s  would be s t r a t e g i c a l l y  placed wherever c r i t i c a l i t i e s  might occur ,  so  
t h a t  the  h e a l t h  p h y s i c i s t  w i l l  have d a t a  on neutron f l u x  and spectrum f o r  c a l c u l a -  
t ions  ~ 

* A s  noted b e f o r e  we do n o t  cons ider  the  SL-1 dea ths  due t o  r a d i a t i o n .  
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The second Los Alamos a c c i d e n t ,  9 months la ter  i n  1946,  was an a c c i d e n t a l  
c r i t i c a l i t y ,  a l s o .  A s c i e n t i s t  manually brought  t h e  c r i t i c a l  p a r t s  toge ther ,  
whi le  demonstrat ing t o  a s t u d e n t  t h e i r  phys ica l  r e l a t i o n s h i p s .  
has  been s t r i c t  enforcement of t h e  r u l e  t h a t  a dangerous maneuver can never b e  
used as a teaching device.  

Since then t h e r e  

The t h i r d  f a t a l i t y  took p lace  i n  Los Alamos i n  1958. During t h e  course  of  
a r o u t i n e  Plutonium 239 sa lvage  opera t ion ,  t h e  s l u r r y  was s t i r r e d  i n t o  a c r i t i c a l  
c o n f i g u r a t i o n  and d e l i v e r e d  a mixture  of  neutrons and gamma r a d i a t i o n  t o  t h e  
opera tor  a s  he s tood over t h e  c y l i n d r i c a l  r e a c t i o n  v e s s e l ,  Since he w a s  a lone  
a t  the  t i m e  i t  w a s  n o t  a t  f i r s t  r e a l i z e d  t h a t  he was e x h i b i t i n g  an i m e d i a t e  
c e r e b r a l  r e a c t i o n  t o  t h e  l a r g e  pulse  of r a d i a t i o n  es t imated  t o  be 12,000 rem t c  
t h e  head, Because of h i s  confusion and h i s  s ta tement  t h a t  he w a s  "burning up 
ins ide" ,  h i s  r e s c u e r s  f i r s t  thought of chemical i n t o x i c a t i o n  r a t h e r  than r a d i a -  
t i o n .  The acc ident ,  which was no f a u l t  of t h e  opera tor ,  r e s u l t e d  i n  redes igp  
of equipment s o  t h k t  s ludge cannot c o l l e c t  and be s t i r r e d  up i n t o  a smal l  
homogeneous r e a c t o r .  

I n  t h e  SL-1 a c c i d e n t  i t  appears  t h a t  a c o n t r o l  rod was withdrawn dur ing  a manual 
r e f u e l i n g  opera t ion  of  a small  water-moderated r e a c t o r .  
of  steam blew some of t h e  elements o u t  of  t h e  cauldron and the  combination of b l a s t  
and m i s s i l e s  k i l l e d  two men o u t r i g h t  and t h e  t h i r d  died s h o r t l y  a f te rward .  Even 
i f  they had not  died of  trauma, i t  i s  l i k e l y  t h a t  they would have d ied  o f  r a d i a t i o n  
s i n c e  the  r e a c t o r  and i t s  s h e l l  were h ighly  contaminated by f i s s i o n  products .  
Fur ther ,  r a d i o a c t i v e  p a r t i c l e s  were s t r o n g l y  embedded on and i n  the  bodies  of the  
t h r e e  men--so much S O ,  i n  f a c t ,  t h a t  those  who would have rescued and t r e a t e d  therc 
would have been exposed t o  such high doses of r a d i a t i o n  from t h e  c l o t h i n g ,  h a i l ,  
and bodies  of t h e  men, t h a t  l i t t l e  could have been dope except  by remote corrtrol. 

The r e s u l t i n g  genera t ion  

This  a c c i d e n t  i s  a r c h t y p i c a l  of  t h e  u n c e r t a i n t y  of r a d i a t i o n  a c c i d e n t  problems. 
I t  demonstrates  how r e a l l y  unprepared we a l l  a r e  f o r  unexpected complicat ions t h a t  
can r e s u l t  from a r a d i a t i o n  acc ident .  Nothing i n  a l l  our previous experience had 
prepared 11s t o  be a b l e  t o  a c t  e f f e c t i v e l y  i n  the  preserrce of such a v e r y  highly 
contaminated environment or to t r e a t  h ighly  contaminated people. 

We must recognize  t h a t  we were r o t ,  and s t i l l  a r e  n o t 2  prepared t o  cope wi th  
contaminat ion of  t h a t  magnitude. For example, how can w e  remove l a r g e  amounts of 
contaminat ion t h a t  have been dr iben i n t o  t h e  s k i n  along wi th  grease?  Should one 
amputate limbs t o  reduce the  genera l  whole-body dose? How can Contaminated h a i r  
and c l o t h i n g  be  removed quick ly  by remote c o n t r o l ?  Is  it more important  t o  t r y  
t o  remove heavy s u r f a c e  contaminat ion b e f o r e  r e p a i r i n g  severe  l a c e r a t i o n s  or . i ce  
v e r s a  -assuming t h a t  one can approach c l o s e l y  enough t o  do e i t h e r ?  We dq not 
have t h e  answers t o  these  and many o t h e r  obviously fbrdamental q u e s t i o n s ,  

A p a r t i a l  l i s t  of  US.4F.C experiences wi th  o t h e r  coptamiinating i n c i d e n t s  :s gixer  i r  
Table 11. The l i s t  is  p a r t i a l  because i n c i d e n t s  o f t e n  escaped d e t e c t i o n  it ti-P 
e a r l y  days b e f o r e  i t  was f u l l y  r e a l i z e d  what kinds of hazards exisced.  A s  2 mat ter  
of  f a c t ,  formulat ion of t h e  concept of  t h e  " I n t e r n a l  Emit ter  Hazard" by :he :CXP 
i s  a r e l a t i v e l y  r e c e n t  t h i n g  and b a s i c  i d e a s  abawt i t  are s t i l l  b e i r g  esolqred. 

The most unfor tuna te  a s p e c t  of t h i s  s u b j e c t ,  of m u r s e ,  is our i n a b i l i t y  t o  s t a t e  
p r e c i s e l y  what the  body burden of most of  those r a d i o i s o t o p e s  which are t h e  
most f requent  contaminants. The whole body counter  i s  a v e r y  v a l u a b l e  t o o l  i f  t h e  
r a d i o i s o t o p e  has  a reasonably s h o r t  h a l f - l i f e  and a d e t e c t a b l e  gamma-ray spectrw". 
(We b e l i e v e  any major nuc lear  product ion i n s t a l l a t i o n  should have a c c e s s  t o  one.) 
Otherwise, we must depend on u r i n e  or f e c a l  assays  t o  provide an estimate of t h e  
body burden. A g r e a t  d e a l  of r e s e a r c h  on excre tory  r a t e s  s t i l l  has n o t  given us 
f a c t o r s  which can be t r a n s l a t e d  i n t o  reasonably  p r e c i s e  body burdens. Nevertheless ,  
they a r e  employed a s  b e s t  they may and they have come t o  have some medicolegal s t s t u s .  
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It  should always be recognized t h a t  body burden d a t a  are s u b j e c t  t o  cons iderable  
u n c e r t a i n t y  and should always be s o  q u a l i f i e d .  

The s t a t e  of our knowledge i s  b e s t  i l l u s t r a t e d  by t h e  f a c t  t h a t  most of  t h e  
b i o l o g i c a l  h a l f - l i v e s  l i s t e d  i n  t h e  ICRP t a b l e s  are based on e s t i m a t e s  of  
many kinds r a t h e r  than on measurements made on man. 

It w i l l  be  noted from Table I1 t h a t  a c e r t a i n  few r a d i o i s o t o p e s  are involved.  
This  i s  because t.he permiss ib le  body burden i s  so v e r y  low t o  begin  wi th  
(Plutonium, 0.04 p c ) ,  t h e  m a t e r i a l  is  i n t r i n s i c a l l y  d i f f i c u l t  t o  c o n t r o l  
(Plutonium, Iodine ,  Ruthenium), or  such l a r g e  q u n a t i t i e s  a r e  handled. I n  
connect ion w i t h  c o n t r o l ,  we have observed t h a t  t h e  nurrber of i n s t a n c e s  of 
contaminat ion decreased a b r u p t l y  when n e g a t i v e l y  p r e s s u r i z e d  glove boxes were 
s u b s t i t u t e d  f o r  the  o r i g i n a l  s imple-enclosure design. The 27 i n s t a n c e s  of 
p a r t i a l  body burden from Los Alamos a r e  men who used t h e  o lder  des ign  glove 
boxes. Some were never involved i n  a n  a c c i d e n t  or  s p i l l  o r  breakdown of  
r o u t i n e  c o n t r o l ;  s t i l l ,  only a few t i n y ,  a e r o s o l i z e d  p a r t i c l e s  could account 
f o r  t h e i r  body burdens. 

A number of lessons  become evident  on s b d y i n g  t h e  records  condensed i n t o  
Table  11. F i r s t ,  i t  i s  d i f f i c u l t ,  o r  impossible ,  t o  decide what denominators 
t o  use f o r  making comparisons of inc idence :  Should inc idence  be  based on t o t a l  
p l a n t  man-years; s c i e n t i f i c  man-years; man-years of t h o s e  working w i t h  rad io-  
i s o t o p e s ;  number of  times per day o r  year  t h a t  opera t ions  involv ing  r a d i o -  
i so topes  o f f e r  a p o t e n t i a l  hazard, o r  what? I n  t h e  absence of such p o i n t s  of  
r e f e r e n c e  t h e  d a t a  i n  Table I1 should be  regarded only as i l l u s t r a t i o n s  of what 
can happen and t h e  order  of magnitude. 

Second, cons ider ing  t h e  o p p o r t u n i t i e s ,  i t  i s  remarkable how few body burdens have 
exceeded t h e  ICRP maximal permiss ib le  burdens. We submit, however, t h a t  t h e  
numbers could en large  r a p i d l y  i f  our  i n d u s t r i a l  hygiene measures were re laxed .  

Third,  t h e  most f requent  cause of  contaminat ing a c c i d e n t s  seems t o  be a f a u l t  
on t h e  p a r t  o f  the  worker, followed by a c c i d e n t a l  explos ions ,  breakage of  g l a s s  
c o n t a i n e r s  and no known reason.  Genera l ly ,  the  person i s  aware of having become 
contaminated, b u t  sometimes the contaminat ion i s  de tec ted  on r o u t i n e  b ioassay ,  

Fourth,  t h e  r e s p i r a t o r y  system seems t o  be t h e  most s i g n i f i c a n t  r o u t e  of i n g r e s s  
of contaminat ion,  a l though i t  is  the  one w e  know Least about .  Evidence a t  hand 
shows t h a t  some inha led  a e r o s o l s  can be absorbed i n t o  t h e  blood s t ream, while  
o t h e r  p a r c i c l e s  a r e  coughed up and expel led ,  o r  swallowed; s t i l l  o t h e r s  w i l l  be 
taken i n t o  t h e  t racheo-bronchial  lymphatics much l i k e  carbon i n f i l t r a t e s  the 
lung. S ince  t i n y ,  weak d e p o s i t s  of r a d i o i s o t o p e s  i n  the lungs of experimental  
animals can produce adenomas and bronchogenic cancers ,  pulmonary contaminat ion 
i s  a matter of r e a l  concern. 

F i f t h ,  t h e  phys ic ian  can o f t e n  reduce t h e  body burdens by a p p r o p r i a t e  therapy. 
C e r t a i n l y  he can e f f e c t i v e l y  has ten  the  e x c r e t i o n  of  Tri t ium and Iodine  and E O  
a much less degree the removal of Stront ium, Plutonium, and o t h e r  bone seekers .  
The moderate success  achieved by in t ravenous  c h e l a t i n g  agents  encourages f u r t h e r  
research .  Poorly s o l u b l e  r a d i o i s o t o p e s  i n j e c t e d  beneath the  dermis o r  i n t o  
l a c e r a t i o n s  should be promptly exc ised ,  i f  a t  a l l  p o s s i b l e ;  debridement guided 
by r a d i a t i o n  d e t e c t o r s  can be very  e f f e c t i v e  i f  done a t  once. 



Thus f a r ,  no c l i n i c a l l y  d e t e c t i b l e  changes have been l inked  wi th  t h e  i n t e r n a l  
contaminat ions i n  these  people ,  bu t  i t  is  too soon t o  make s ta tements  or claims 
about  harm o r  l a c k  of harm. 

Genera l ly ,  t h e  s p i l l s  and environmental contaminat ions t h a t  accompany contamina- 
t i o n  of personnel  a r e  minor and e a s i l y  c leaned up. There have been o t h e r  
contaminat ions,  however, which produced widespread, c o s t l y  contaminat ion while  
only s l i g h t l y  contaminating workers. 
p ro to type  i n  which both workers and environment were heavi ly  contaminated. 

The SL-1 a c c i d e n t  would have been t h e  

F i n a l l y ,  i t  i s  conceivable  t h a t  f a i l u r e  of c o n t r o l  of e f f l u e n t s  i n  a p l a n t  
handl ing r a d i o i s o t o p e s  or  f i s s i o n  products  would r e s u l t  i n  d e p o s i t s  of  r a d i o -  
a c t i v i t y  o f f  the p l a n t  s i t e  which then might g e t  i n t o  t h e  food cha ins  of  t h e  
c i v i l i a n s .  This  is  most l i k e l y  t o  happen where t h e  p l a n t  s i t s  i n  t h e  middle of 
a densely populated l o c a l e .  The only s o l u t i o n  t o  t h i s  is  t o  e s t a b l i s h  r o u t i n e  
sampling networks which w i l l  a l e r t  t h e  proper publ ic  a u t h o r i t i e s  t o  take  whatever 
a c t i o n s  a r e  deemed necessary.  

Table 111 gives  an i n d i c a t i o n  of t h e  r e l a t i v e  frequency of  a l l  k inds  of acc idents  
i n  o p e r a t i o n s  d i r e c t e d  by USAEC, comparing t h e  number of  those  involv ing  perscns 
t o  the  t o t a l  number of a c c i d e n t s ,  J u l y  1958 tkrimgh June 1962. These a r e  sub- 
divided i n t o  two groups: those  occurr ing  i n  government-owned and operated p l a n t s  
and f a c i l i t i e s ,  and those occurr ing  i n  USAEC l i c e n s e e  opera ted ,  t h a t  i s ,  
privately-owned f a c i l i t i e s .  

I n  some i n s t a n c e s  one ind iv idua l  has been a f f e c t e d  i n  an a c c i d e n t ;  i n  o t h e r s  
s e v e r a l ,  I n  a l l ,  184 i n d i v i d u a l s  were a f f e c t e d  i n  83 out  of a t o t a l  127 i n c i d e n t s  
i n  che 4 years .  The l a r g e s t  s i n g l e  group was t h e  8 persons involved i n  t h e  SL-1 
rescue  and s e r v i c e  opezat ions,  

The problem of s i n g l e  exposure i n c i d e n t s  is  much l a r g e r  than t h a t  of cumulative 
exposilre a s  seen i n  t h i s  t a b l e .  However, w e  f e e l  i t  s a f e  t o  p r e d i c t  a n  ever  
i n c r e a s i n g  number of i s o t o p e  u s e r s  w i l l  tend t o  show more c m u l a t i v e  exposure 
excesses  Enless  they recognize and accept  the  n e c e s s i t y  of a c a r e f u l l y  managed, 
cont inuing  program of f<lm badge and b ioassay  monitoring o f  t h e  i n d i v i d u a l ,  and 
a cons is ten t - -o t  where p o s s i b l e ,  an automatic--monitor ing of  the  environment. 

A t  t h e  extreme r i g h t  i n  Table III a r e  numbers o f  persons r e c e i v i n g  r a d i a t i o n  i n  
so-ca l led  "Type A" aqd "Type B" events .  These c a t e g o r i e s  a r e  u s e f u l  a d m i n i s t r a t i a e  
convent ions whose primary purpose i s  t o  ensure speedy r e p o r t i n g  of  s i g n i f i c a n t  
events  t o  TjSAEC Headquarters lo ,  Fac tors  a r e  dosage rece ived ,  number o f  p e r s m s  
a f f e c t e d s  prcper ty  xa lue  lo s s ,  and p u b l i c  r e l a t i o n s  s i g n i f i c a n c e .  S u f f i c e  ir- :c 
say  t h a t  t h e s e  repor  ing requirements  a r e  a f a c t o r  i n  the c o n s t a n t  v i g i l a n c e  r f  
a l l  concerned, which u n d e r l i e s  the e x c e l l e n t  record of  t h e  i n d u s t r y  i n  t h e  
United S t a t e s .  That record ,  mentioned e a r l i e r  i n  t h i s  papers  of on ly  3 f a t a l i t i e s  
due t o  r a d i a t i o n  p e r  s e  i n  the 19  years  of the  i n d u s t r y P s  e x i s t e n c e ,  i s  nc 
acc ident .  
over t h e  manner and metbods of  work...which should r e s u l t  i n  che p r e v e n t i n r  af 
a l l  condi t ions  a s s o c i a t e d  with delayed i n j u r i o u s  e f fec t" .  

F'rom t h e  :-cry beginning t h e  pol icy  was t o  "maintain s t r i c t  eonzrol 

The outs tanding  c h a r a c t e r i s t i c  i n  our experience w a s  t h e  u n p r e d i c t a b i l i t y  of  the 
opera t ion  e r r o r s  which i n  a l l  cases  were t h e  source of d i f f i c u l t y .  I n  every case  
t h e  a c c i d e n t  has been t h e  r e s u l t  o f  an e r r o r ,  completely unpredic ted ,  b u t  i n  
r e t r o s p e c t  a s i t u a t i o n  t h a t  can be p r o t e c t e d  a g a i n s t  i n  t h e  f u t u r e .  

Under the  l i m i t a t i o n s  of our p r e s e n t  knowledge, we can only s t r e s s  t h e  importaace 
of preplanned opera t ions  f o r  a l l  phases of t h e  i n d u s t r y ,  inc luding  prevent ive  
medical and rescue  and medical c a r e  opera t ions .  
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S a f e t y  measures inc lude  use of hoods, adequate  exhaust ,  enclosed processes  with 
nega t ive  a i r  pressures ,  work w i t h i n  c e l l s  by remote c o n t r o l ,  p r o t e c t i v e  c l o t h i n g ,  
use  of hand and f o o t  counters  and cont inuous environmental monitor ing,  w i t h  
i d e n t i f i c a t i o n  and marking of  h igh  r a d i a t i o n  a r e a s  a s  w e l l  a s  s t r i c t l y  c o n t r o l l e d  
a c c e s s  t o  them. 

On t h e  medical s i d e ,  t h e  respons ib le  phys ic ian  must have preplanned and rehearsed  
procedures t h a t  inc lude  methods t o  determine quick ly  the  types and amounts of 
r a d i a t i o n  r e l e a s e d .  Coordination of  preplanning wi th  the h e a l t h  p h y s i c i s t  i s  
e s s e n t i a l .  Two c a l i b r a t e d  instruments  t o  measure r a d i a t i o n  of  a l l  types should 
be r e a d i l y  a v a i l a b l e  t o  t h e  s i t e  of an a c c i d e n t .  The e x t e n t  of p o t e n t i a l  
hazard t o  r e s c u e r s  and t h e r a p i s t s  must be determined or es t imated .  P r o t e c t i v e  
c l o t h i n g ,  r e s p i r a t o r s ,  e t c .  f o r  r e s c u e r s  should be s t o c k p i l e d  f o r  immediate 
a c c e s s i b i l i t y .  Advance planning makes provis ion  f o r  containment of v i c t i m s  f o r  
emergency and cont inued therapy without  exposing rescue  and therapy personnel  
t o  r a d i a t i o n  exceeding 150 r e d h o u r  f o r  one hour only.  

Complete hematological  s t u d i e s  on a l l  persons with over 50 rem exposure should 
be made and documented i n  the  i n d i v i d u a l ' s  h e a l t h  record .  Those exposed t o  
150 t o  200 rem o r  more should always be h o s p i t a l i z e d .  If poss ib le ,  whole body 
counter  measurements should be made. A l l  body e x c r e t i o n s  should be c o l l e c t e d ,  
measured and assayed f o r  r a d i o l o g i c a l ,  chemical or  hematological  v a l u e s  and 
t rends  of change. Sodium 24 assay  of  blood should be done i f  neut rons  were 
involved.  Appearance, s e v e r i t y ,  and r a p i d i t y  of changes i n  p e r i p h e r a l  blood, 
and n a t u r e  and timing of c l i n i c a l  s i g n s  should be  recorded a s  a b a s i s  f o r  
determining genera l  range of and r e a c t i o n  t o  exposure and prognosis .  

I n  cases  of very  high whole body dosage wi th  s t i l l  a chance o f  s u r v i v a l ,  
immediate t reatment  wi th  bone marrow t r a n s p l a n t s  should be i n s t i t u t e d  even. 
though hazardous from the  s tandpoin t  of immune r e a c t i o n ,  Beyond t h i s ,  w e  must 
r e l y  upon t h e  c l i n i c a l  judgment of t h e  r e s p o n s i b l e  phys ic ian  us ing  the  symptomatic- 
replacement concepts which a r e  our only guides  t o  therapy. 

Much r e s e a r c h  remains t o  be done t o  g ive  us the  knowledge and the  t o o l s  necessary 
t o  determine p r e c i s e  body burdens o f  many r a d i a t i o n  contaminants ;  how to decon- 
taminate  quick ly  a high dosage r a d i a t i o n  a c c i d e n t  v i c t i m ;  t o  d e v i s e  e f f e c t i v e  
means to prevent  con t . amina t ion - -pa r t i cu la r ly  r e s p i r a t o r y  system contaminat ion;  
and t o  g ive  us  answers t o  the  many r e l a t e d  problems. 

W. T. Doran, Jr., M.D. 
H. D. Bruner ,  M . D .  
Washington, D. C. 
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i n v e s t i g a t i n g  a c c i d e n t s  and r a d i a t i o n  exposures. 
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