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THE MEDICAL EFFECTS OF ATOMIC BLASTS 

To comprehend t h e  magnitude of  t h e  medical  problems 
of atomic a t t a c k ,  it is impera t ive  t h a t  we know t h e  funda- 
menta ls  of  t h e  types  of weapons and t h e  range of power t h a t  
may be a n t i c i p a t e d  i n  any a c t i o n  brought  against t h i s  country. 
While it i s  obvious ly  impossible  t o  d i s c l o s e  i n  any d e t a i l  
our  own c a p a b i l i t y ,  Pres ident  Eisenhower i n  h i s  h i s t o r i c  
speech before  t h e  UN General Assembly, December 8 ,  1953, 
sa id :  

powerful as  t h e  weapons wi th  which t h e  atomic age dawned, 
whi le  hydrogen weapons a r e  i n  t h e  ranges of m i l l i o n s  of 
t o n s  of TNT equivalent ."  

f i l m  of t h e  first f u l l - s c a l e  thermonuclear t e s t  a t  Eniwetok 
on November 1, 1952. This  tremendous explos ion ,  r e s u l t i n g  
i n  a f i r e b a l l  over  th ree  miles i n  diameter ,  c r e a t e d  a 
l a r g e  c r a t e r  i n  t h e  r e e f  wi th  t h e  l i f t i n g  of  m i l l i o n s  of 
t o n s  of  water  and c o r a l  i n t o  t h e  sk ies .  With t h e  e a r l i e r  
announcement, f o r  an experimental  device  a t  Nevada, of a 
y i e l d  o f  15,000 t o n s  of TNT equiva len t ,  or 1 5  k i l o t o n s ,  and 
t h e  o r i g i n a l  e s t ima t ion  of t h e  Nagasaki bomb a t  20 k i l o t o n s ,  
it is apparent  t h a t  we may cons ider  our  fami ly  of weapons 
i n  a g r e a t  range  of poss ib l e  y i e l d s  and modes of  de l ivery .  

What do t h e s e  u n i t s  o f  energy mean? What i s  i m -  
p l i e d  by t h e  words "ki loton" and"megaton"? Commission 
Chairman S t r a u s s  i n  a recent  address  used an i l l u m i n a t i n g  

ItAtomic bombs today are more than  25 t imes  as 

Subsequent ly ,  t h e r e  was r e l eased  t h e  documentary 
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example. During World :Jar I t h e  C i t y  of H a l i f a x  was 
devas t a t ed  by t h e  explosion o f  a munit ions s h i p  i n  t h e  
ha rbor  having aboard over 2000 t o n s  o f  h igh  explos ives .  
Not o n l y  was t he re  enormous p r o p e r t y  damage b u t  approxi- 
mately 10,000 people l o s t  t h e i r  l i v e s  o r  were in ju red .  
Th i s  b l a s t ,  i n  n u c l e a r  weapons terminology, had an energy 
equ iva len t  t o  s l i g h t l y  more t h a n  two k i l o t o n s ,  a very  small  
explos ion  i n  t h e s e  terms. The so-cal led nominal bomb of  20 
k i l o t o n s  r e l e a s e s  approximately 1 0 . t i m e s  t h e  energy of an 
Halifax exp los ion  while o u r  l a r g e s t  f i s s i o n  bombs w i l l  y i e l d  
t h e  energy of 250 such s h i p s  a l l  consumed i n  one g i g a n t i c  
de tona t ion .  

But when we speak of t h e  thermonuclear  weapons, a 
s t i l l  l a r g e r  u n i t  becomes convenient.  T h i s  i s  t h e  megaton 
o r  1000 k i l o t o n s  of TNT equiva len t .  One megaton would t h u s  
be r ep resen ted  by t h e  explos ion  of a l i n e  of such s h i p s  bow 
t o  s t e r n  ex tending  f o r  20 miles.  

With such a g r e a t  range of p o s s i b l e  energy y i e l d s ,  
how may w e  r e l a t e  t h e  e f f e c t s  of one explos ion  t o  t h o s e  of 
ano the r  of e n t i r e l y  d i f f e r e n t  l e v e l  of power? The volume 
'#The E f f e c t s  o f  Atomic Weapons," publ ished i n  1950, was . 
w r i t t e n  b e f o r e  t h e s e  very large weapons had been t e s t e d .  
The y i e l d  o f  20 k i l o t o n s  was taken a s  t h e  basis  f o r  t h e  
book and e x t e n s i v e  d a t a  were g iven  f o r  t h i s  so-cal led 
f'notcinaltf bomb. The ex i s t ence  o f  y i e l d s  o t h e r  t h a n  t h i s  
was not  implied b u t  s c a l i n g  laws which should s e r v e  t o  
p r e d i c t  t h e  e f f e c t s  from o t h e r  y i e l d s  were included. With- 
o u t  e n t e r i n g  i n t o  a d i scuss ion  of  t h e  degree  t o  which t h e s e  
laws apply  t o  a l l  s i t u a t i o n s ,  we may use them wi th  con- 
f i d e n c e  as be ing  s u f f i c i e n t l y  d e s c r i p t i v e  f o r  c i v i l  defense  
needs. S ince  we are e s p e c i a l l y  i n t e r e s t e d  i n  b l a s t ,  thermal 
e f f e c t s ,  and n u c l e a r  r a d i a t i o n ,  t h e  fo l lowing  equat ions  may 
be used t o  r e l a t e  t h e s e  q u a n t i t i e s  f o r  any y i e l d  (W) i n  
k i l o t o n s  t o  t h e  corresponding v a l u e s  g iven  i n  '#The E f f e c t s  
of Atomic Weapons" f o r  t h e  nominal botcb. 

( W l )  l / 3  rl !*here rl and r2 a r e  d i s t a n c e s  f o r  a given 
=( 1 p r e s s u r e  c h a r a c t e r i s t i c .  

Q1 7.7 1'1 Where Q is t o t a l  r a d i a n t  energy ( thermal  
I o r  nuc lea r )  a t  a g iven  d i s t ance .  

(more) 
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1/3 
?here t i s  t h e  d u r a t i o n  o f  t h e  b l a s t  

wave. 
=( ) - (-1 

t 2  (w2) 

In  c e r t a i n  r e s p e c t s ,  subsequent t es t s  have shown 
some of t h e  q u a n t i t a t i v e  s t a t emen t s  i n  t h e  o r i g i n a l  volume 
t o  b e  i n  e r r o r ,  These w i l l  be co r rec t ed  i n  t h e  next  r ev i -  
s ion .  The most important of them a r e  noted here .  

The d e s c r i p t i o n  of t h e  atomic explos ion  by now ’ 
should be familiar t o  a l l .  A t  t h e  moment o f  energy r e l e a s e  
a bomb i s  represented  by a small sphere o f  i n t e n s e l y  radio- 
a c t i v e  m a t e r i a l  o f  exceedingly h igh  tempera ture  and under 
enormous pressure .  The mass r a p i d l y  expands s p h e r i c a l l y  
i n t o  t h e  f i e r c e l y  luminous f i r eba l l  which t h e n  ascends a t  
a high r a t e  o f  speed. Energy is d e l i v e r e d  as  b l a s t ,  hea t ,  
and r a d i o a c t i v i t y .  

BLAST EFFECTS 

The shock wave c h a r a c t e r i s t i c a l l y  has  a very  sha rp ly  
r i s i n g  f r o n t  with a prolonged p o s i t i v e  p r e s s u r e  phase follow- 
ed by an  even longe r  nega t ive  phase. The t i m e  c h a r a c t e r i s t i c s  
of t h i s  t y p i c a l  shock wave f o l l o w  from t h e  s c a l i n g  laws 
mentioned s o  t h a t  with small explos ions ,  such a s  t h o s e  of 
a few t o n s  o f  TNT, t h e  wave form is s h a r p  and of s h o r t  
d u r a t i o n  whi le  wi th  aega ton  d e t o n a t i o n s  t h e  b l a s t  p re s su re  
may be exe r t ed  f o r  s e v e r a l  seconds. 

n u c l e a r  d e t o n a t i o n s  do not d i f f e r  q u a l i t a t i v e l y  f r o n  those  
found wi th  h igh  explosives .  
may be t o l e r a t e d  without f a t a l  i n j u r y  provided t h e  a t t e n d a n t  
a c c e l e r a t i o n s  a r e  prevented o r  minimized. 
p r e s s u r e s  of  5 lbs .  per square  inch  nay o c c a s i o n a l l y  r u p t u r e  
t h e  e a r  drum, s e v e r a l  times t h i s  f i g u r e  may, i n  some s i t u a t i o n s ,  
not  cause s e r i o u s  in jury .  I n  animals  sub jec t ed  t o  15-25 p.s.i. 
over-pressure,  sma l l  p e t e c h i a l  hemorrhages i n  t h e  lungs and 
i n  t h e  g a s t r o i n t e s t i n a l  and u r i n a r y  t r a c t s  a r e  f r e q u e n t l y  
found. Ear-drum rup tu re  i s  t h e n  almost a c o n s t a n t  f i n d i n g  

Experiment has  shown t h a t  t h e  e f f e c t s  of blast  with 

S u r p r i s i n g l y  h igh  peak p res su res  

While over- 

(more) 



- 4 -  

and t r a n s i e n t  c e n t r a l  nervous system d i s t u r b a n c e s  and 
concussion may be observed. 

Upon exposures t o  very  high over-pressures ,  both 
anirnals and nian may be k i l i e d  immediately or wi th in  a f e w  
minutes. The a s s o c i a t e d  pathology i s  u s u a l l y  as  fo l lows:  

1. Cardiac contusion.  Conmotio c o r d i s  
- 2 .  Snt rance  of a i r  i n t o  t h e  pulmonary venous 

c i r c u l a t i o n  wi th  c e r e b r a l  o r  coronary a i r  embolism. 
3.  Resp i ra to ry  t r a c t  hemorrhage. . 
4 .  Pulmonary edema. 
5. S inus  and middle e a r  hemorrhage. 
6. 

7. Trauma t o  d i s t ended  hollow viscera. 
8. C e n t r a l  nervous system hemorrhages. 

The degree  of i n j u r y  fron! t h e  d i r e c t  a c t i o n  of blast 

Ruptured ear drums and d i s r u p t i o n  o f  t h e  
o s s i c l e s  of t h e  middle ear .  

appears  t o  be dependent upon bo th  t h e  peak p r e s s u r e  and t h e  
d u r a t i o n  o f  t h e  p re s su re  wave. 

of  h igh  v e l o c i t y  reaching  170 m i l e s  pe r  hour f o r  5 p.s.i. 
I n d i v i d u a l s  no t  r e s t r a i n e d  may be thrown v i o l e n t l y  f o r  
cons ide rab le  d i s t a n c e s  and inanimate o b j e c t s  may be acce le r -  
a t e d  t o  become missiles capable  o f  caus ing  ve ry  s e r i o u s  
in ju ry .  It appears  t h a t  t h e  b l a s t  peak p r e s s u r e  is i n  it- 
self o f  less danger  than  t h e  mechanical trauma occasioned 
by t h e  d r a g  f o r c e s  ON de tachable  o b j e c t s .  

problem of  b l a s t  i n j u r y  is  c l o s e l y  r e l a t e d  t o  t h e  b l a s t  
damage o f  s t r u c t u r e s  and w i l l  t h e r e f o r e  be more or l e s s  
co-extensive wi th  t h e  a r e a  of l i g h t  t o  moderate damage t o  
bu i ld ings .  M a t e r i a l  such as glass, which may be e a s i l y  
fragmented and r e a d i l y  a c c e l e r a t e d  t o  h igh  v e l o c i t i e s ,  may 
be a n t i c i p a t e d  t o  be a great sou rce  o f  i n j u r y  from blast .  
The wounds and o t h e r  t r aumat i c  m a n i f e s t a t i o n s  of such 
missiles a r e  well-known. 

Over-pressures are accompanied by momentary winds 

For t h e s e  reasons  it is o u r  p r e s e n t  view t h a t  t h e  

THERMAL R A D I A T I O N  EFFECTS 

S ince  t h e  p u b l i c a t i o n  o f  “The E f f e c t s  of Atonic 
Weapons,11 l a b o r a t o r y  and f i e l d  experiments  have given much 

(more) 



- 5 -  

more ad.equate information t h a t  burning is  due t o  energy i n  
t h e  inf ra - red  and v i s i b l e  p o r t i o n s  of t h e  spectrum with no 
- ' w ~ i f i c a n t  c -0 c o n t r i b u t i o n  from t h e  u l t r a v i o l e t .  About one- 
h a l f  cf t h e  thermal  i n j u r y  is caused by t h e  inf ra - red  r ays ,  
r;he remainder be ing  a t t r i b u t a b l e  t o  r a d i a t i o n  i n  t h e  
v i s i b l e  range. 

Burns produced by a f i s s i o n  bomb d i f f e r  i n  no 
r e s p e c t  from t h o s e  due t o  any high i n t e n s i t y  h e a t  of s h o r t  
du ra t ion .  
t h e  t r ea tmen t  p r e s e n t s  t h e  same problems a s  do similar 
i n j u r i e s  from o t h e r  hea t  sources. 

With r e s p e c t  t o  t h e  t ime i n t e r v a l  o f  t h e  thermal 
r s d i a t i o n  emission du r ing  which burns may be produced, f o r  
y i e l d s  which are r e l a t i v e l y  small m u l t i p l e s  o f  t h e  nominal 
bomb, it has  been found t h a t :  

a. There is no burn ing  i n  t h e  f irst  0.025 second 
fo l lowing  de tona t ion .  

b. The major s e v e r i t y  o f  thermal  bu rns  is a t ta i r i -  
e$ withFn t h e  first 0.3 second af ter  de tona t ion .  

c. No burns a r e  produced a f t e r  0.6 second i f  t h e  
s k i n  i s  p ro tec t ed  p r i o r  t o  t h a t  time. 

d. There i s  good r e l a t i o n s h i p  between t h e  measured 
thermai  energy and t h a t  determined by e v a l u a t i n g  t h e  sk in  
burns from l a b o r a t o r y  s t anda rds  d u r i n g  t h e  f i rs t  0.3 s.econd. 

e. No d i f f e r e n c e  i n  s e v e r i t y  between small and 
l a r g e  a r e a  burns occurs  when o t h e r  c o n d i t i o n s  a r e  equal.  

f .  I n  animals,  moderate burns have been found t o  
h e a l  a t  normal r a t e s  d e s p i t e  t h e  development of i r r a d i a t i o n  
s ickness .  

As f a r  as t h e  the rma l  i n j u r y  i t s e l f  is concerned, 

Fo r  t h e  nominal bomb, t h e  time from de tona t ion  t o  
t h e  second maximum of f i r e b a l l  i l l u m i n a t i o n  is  approximately 
200 m i l l i s e c o n d s  (0.2 second).  With l a r g e r  y i e l d s ,  t h i s  
d u r a t i o n  o f  t h e  thermal  pu l se  i n c r e a s e s  and may be a s  
g r e a t  a s  s e v e r a l  seconds f o r  ve ry  l a r g e  y i e l d s .  

(more) 
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The fo l lowing  system of grad ing  burns  based on 

Grade 1) 

Grade 2 )  

Grade 3 )  

Grade 4 )  

l a b o r a t o r y  and f i e l d  experiments  has  been found t o  hold: 

erythema p r e s e n t  24 hours a f t e r  exposure. 

c e n t r a l  coagu la t ion  necros is .  

coagu la t ion  o f  s u r f a c e  without  char r ing .  

of s u r f a c e  wi th  t h e  format ion  of an immediate steam bleb 
p e r s i s t i n g  as  an  a i r - f i l l e d  b l i s t e r .  

Grade 5 )  
l a t i o n  wi th  ca rbon iza t ion  o f  t h e  sur face .  

The a d d i t i o n a l  c o n s i d e r a t i o n s  which p e r t a i n  t o  
very  h igh  y i e l d  weapons are t h e  a b s o r p t i o n  of h e a t  by t h e  
atmosphere, which is  r e l a t e d  t o  v i s i b i l i t y ,  and t h e  
r e l a t i o n  o f  t h e  i n j u r y  produced t o  t h e  t ime o f  d e l i v e r y  
of  thermal  energy. The t o t a l  amount of h e a t  is d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  energy r e l e a s e  of t h e  bomb. As t h e  
t ime o f  d e l i v e r y  of t h e  thermal  energy is inc reased ,  t h e  
number o f  c a l o r i e s  pe r  square  cen t ime te r  r equ i r ed  t o  
produce t h e  l e s i o n s  mentioned inc reases .  With very l a r g e  
y i e l d  weapons t h e  f igures g iven  for t h e  0.3 second of 
d e l i v e r y  must be augmented by 50 t o  100%. 
given and t h e  c o n s i d e r a t i o n s  de r ived  by experiment lead  t o  
t h e  f o l l o w i n g  approximate v a l u e s  f o r  thermal  f l u x  i n  
c a l o r i e s  p e r  square  cen t ime te r  a t  v a r i o u s  d i s t a n c e s  and 
under s p e c i f i e d  cond i t ions  of v i s i b i l i t y .  

2.3 cal/cm2 i n  0.3 second - only  

4.5 cal/cm2 i n  0.3 second - patchy o r  

7.5 cal/cm2 i n  0.3 second - complete 

10 cal/cm2 i n  0.3 second - coagulat ion 

19 cal/crn2 i n  0.3 second - deep coagu- 

The s c a l i n g  laws 

TABLE I 

Dis t ances  i n  miles a t  which c e r t a i n  t o t a l  thermal  ene rg ie s  
are d e l i v e r e d  r e l a t e d  t o  y i e l d  and v i s i b i l i t y  

V i s i b i l i t y  m i l e s  i s i b i l i t y  35 -40 m i l e s  
Energy r e l e a s e  3 cal/cm' 10 cal/cmL 

20 KT 
100 KT 

1 MT 
10 MT 

1.3 0.8 2.2 1.3 
2.2 1 .5  4.3 2.8 
3.5 2.7 10.0 6.8 
4.8 4.0 17.0 13.0 

(more) 
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NUCLEAR R A D I A T I O N  

From an  exploding atomic bomb about 65 of t h e  
energy is d e l i v e r e d . i n  t h e  form o f  immediate n u c l e a r  r ad i -  
a t i o n  while  about 11% of t h e  t o t a l . e n e r g y  is r e l e a s e d  as 
nuc lea r  r a d i a t i o n  over a long per iod of time by f i s s i o n  
products  and induced r a d i o a c t i v i t y .  Although t h e  i n t e n s i t y  
and t o t a l  amount of r a d i o a c t i v i t g  i n  an a r e a  under a t t a c k  
a r e  very  much dependent upon t h e  circumstances o f  t h e  
de tona t ion ,  it is  u s e f u l  t o  assume t h a t  t h e  t o t a l  radio- 
a c t i v i t y ,  bo th  immediate and delayed,  w i l l  s c a l e  a s  t h e  
first power o f  t h e  t o t a l  energy y i e l d  o f  t h e  bomb. 

i n v e r s e  square law wi th  d i s t a n c e  b u t  i n  a d d i t i o n  t h e r e  are 
a b s o r p t i o n  and s c a t t e r i n g  o f  gamma photons by t h e  a i r  so 
t h a t  for t h e  sma l l e r  weapons t h e  t o t a l  t r ansmiss ion  is 
e f f e c t i v e l y  l i m i t e d  t o  t h e  g e n e r a l  r eg ion  of  b l a s t  darnage. 
The neut ron  f l u x  transmission is i n h e r e n t l y  more com- 
p l i c a t e d  and t h e r e  a r e  s i t u a t i o n s  under which neutron 
exposure may c o n t r i b u t e  a l a r g e  f r a c t i o n  of t h e  t o t a l  
r a d i a t i o n  in ju ry .  The r e a c t i o n  of neut rons  i n  a i r ,  how- 
eve r ,  i s  such t h a t  one would n o t  expect  s i g n i f i c a n t  neutron 
fluxes a t  a d i s t a n c e  of greater t h a n  1500 meters  from t h e  
f i r e b a l l .  

Not on ly  does t h e  gamma r a d i a t i o n  f o l l o w  t h e  

It t h e r e f o r e  appears  t h a t  as t h e  y i e l d  of nuc lear  
weapons i n c r e a s e s ,  t h e  blast  and thermal  e f f e c t s  tend  t o  
ou t run  t h o s e  of t h e  ilpmediate n u c l e a r  r a d i a t i o n .  

The delayed nuc lea r  r a d i a t i o n  mentioned previous ly  
may, however, s i g n i f i c a n t l y  modify t h e  s i t u a t i o n .  With an 
a i r  b u r s t ,  where t h e  f i reba l l  does  not  come i n t o  con tac t  
w i th  t h e  e a r t h ,  t h e  r a d i o a c t i v e  products  of t h e  de tona t ion  
are c a r r i e d  h igh  i n t o  t h e  atmosphere a s  ve ry  smal l  p a r t i c l e s  
and are s c a t t e r e d  widely by the'winds.. The great bulk of 
t h i s  material w i l l  undergo r a d i o a c t i v e  decay be fo re  t h e  
p a r t i c l e s  have f a l l e n  t o  t h e  e a r t h .  Ifhen, however, t h e  
d e t o n a t i o n  i s  such t h a t  t h e  f i r e b a l l . r e s t s  upon t h e  ground, 
great amounts o f  e a r t h  are drawn i n t o  t h e  r a p i d l y  r i s i n g  
f i r e b a l l  r e s u l t i n g  i n  coarse ,  h igh ly  r a d i o a c t i v e  p a r t i c l e s  
which tend  t o  f a l l  r a p i d l y  wh i l e  be ing  c a r r i e d  a long  by 
t h e  wind. I n  such cases ,  t h e r e  is an  a r e a  of h igh ly  radio-  
a c t i v e  f a l l o u t  i n  which t h e  maximum i n t e n s i t y  may be l e t h a l  

(more) 
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fo l lowing  an  exposure of on ly  a few hours. Small de tona t ions ,  
such as  a r e  f i r e d  a t  t h e  Nevada Proving Ground, produce con- 
tamina t ion  ex tending  f o r  on ly  a few mi le s  and t h e  dangerously 
a c t i v e  areas a r e  confined t o  t h e  con t ro l l ed  bombing range. 
The dimensions and shape are determined by t h e  whole complex 
of wind p a t t e r n s  b u t  c h a r a c t e r i s t i c a l l y  t h e r e  is a narrow 
f a n  i n  which t h e  area of h ighes t  contaminat ion has  a some- 
what e l l i p t i c a l  shape. Up-wind and cross-wind contami- 
n a t i o n s  are l i m i t e d  i n  e x t e n t  and a r e  f a r  less spec tacu la r  
i n  i n t e n s i t y .  

r a d i o a c t i v e  m a t e r i a l  which does not  descend quick ly  is 
c a r r i e d  by the winds p r e v a i l i n g  a t  t h e  var ious  a l t i t u d e s  so  
t h a t  t h e  f a l l o u t  of t h i s  f i n e l y  d iv ided  p a r t i c u l a t e  m a t e r i a l  
i s  determined by t h e  wind t r a j e c t o r i e s  and t h e  p a r t i c l e  s ize ,  
t h e  l a t t e r  g r e a t l y  in f luenc ing  t h e  v e l o c i t y  of  fa l l .  When 
such material descends s u f f i c i e n t l y  t o  e n t e r  t h e  r a i n  cloud 
bear ing  l e v e l ,  u s u a l l y  below 20,000 ft . ,  t h e  f a l l o u t  t o  t h e  
e a r t h  may be acce le ra t ed  by ra in  o r  snow, and it . i s  common t o  
f ind ,  fo l lowing  a de tona t ion ,  t h a t  ra inwater  from regions  of 
cloud passage shows r e a d i l y  d e t e c t a b l e  a c t i v i t y .  Other t han  
such i n c i d e n t a l  concen t r a t ions  the gene ra l  f a l l o u t  t ends  t o  
be remarkably uniformly d i s t r i b u t e d  over  t h e  e a r t h t s  sur face .  

w i th  time i n  accordance wi th  t h e  fo l lowing  equation: 

I = I& where I i s  i n t e n s i t y  a t  time t and Io is t h e  
i n t e n s i t y  a t  u n i t  time. The s i g n i f i c a n c e  of  any measured 
a c t i v i t y  i s  dependent upon t h e  time s i n c e  de tona t ion .  
Within t h e  first few hours  and days most of  t h e  a c t i v i t y  is 
due t o  r ad io i so topes  of  short h a l f - l i f e  so  t h a t  r ad ioac t ive  
elements  such as  iod ine ,  molybdenum, ru then iup  and many o t h e r s  
may be demonstrated.  The a c t i v i t y  of such elements  i s  soon 
gone and t h e  exposure due t o  them is  of t r a n s i e n t  charac te r .  

t o t a l  f a l l o u t  over t h e  United S t a t e s  from t h e  CASTLE series 
of tests i n  t h e  P a c i f i c  t h i s  pas t  s p r i n g  has  amounted t o  
approximately 100 . n i ~ l l i c u r i ' a s  per  square  m i l e  as of t h i s  
week (September 23, 1954). While t h i s  amount of radio-  
a c t i v i t y  is  minute, it is  p o s s i b l e  wi th  techniques  a v a i l a b l e  
today  t o  d e t e c t  and measure it accura te ly .  T h i s  has  been 
done for a l l  reg ions  of  t h e  country.  The gamma r a d i a t i o n  

For  e i t h e r  an  a i r  b u r s t  o r  a s u r f a c e  b u r s t ,  t h e  

Rad ioac t iv i ty  r e s u l t i n g  from de tona t ions  decays 

-1.2 

It may be of  g e n e r a l  i n t e r e s t  t h a t  t h e  average 

(more) 
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t o  t h e  body from t h i s  material is  approximately 0.01 mr/day 
which is l e s s  t h a n  5% of  t h e  r a d i a t i o n  t o  t h e  body from 
cosmic r a y s  and t h e  radium i n  t h e  s o i l .  

R A D I A T I O N  EFFECTS I N  MAN 

In  t h e  p re sen t  d i scuss ion ,  it is obviously impossible  
t o  present  i n  any d e t a i l  t h e  pathology of r a d i a t i o n  in jury .  
T h i s  extremely complex subject has been voluminously develop- 
ed i n  t h e  medical l i t e r a t u r e  and i s  gene ra l ly  ava i l ab le .  
The important  r a d i a t i o n  e f f e c t s  f a l l  i n t o  two broad groups, 
one p e r t a i n i n g  t o  t h e  i n d i v i d u a l  himself and t h e  second 
r e l a t e d  t o  ques t ions  of i n h e r i t a n c e  o f  t h e  r e s u l t s  of  ra- 
d i a t i o n  damage t o  t h e  em c e l l s .  The first ca tegory  we may 

Somatic Ef fec ts :  
of e x t e r n a l  i r r a d i a t i o n  and t h o s e  of  i n t e r n a l l y  inges ted  bomb 
res idues .  With r e s p e c t  t o  t h e  immediate reg ion  of t h e  ex- 
p los ion  and t o  t h e  a r e a s  of  c lose- in  r a d i o a c t i v e  f a l l o u t  i n  
t h e  case  of  s u r f a c e  or near  s u r f a c e  de tona t ions  l e t  me say  a t  
once t h a t  t h e  e x t e r n a l  r a d i a t i o n  hazard is  overwhelmingly t h e  
important  one and t h e  i n g e s t i o n  of r a d i o a c t i v e  bomb products  
i n  t h i s  r eg ion  i s  r e l a t i v e l y  t r i v i a l  i n  comparison with t h e  
e x t e r n a l  hazard.  

The e f f e c t s  of e x t e r n a l  r a d i a t i o n  a r e  no t  q u a l i t a -  
t i v e l y  g r e a t l y  d i f f e r e n t  f o r  t h e  va r ious  types  of nuc lear  
r a d i a t i o n  b u t  t h e  r eg ions  and t i s s u e s  of t h e  body a f f e c t e d  
are very  much dependent upon t h e  phys ica l  c h a r a c t e r i s t i c s  
and ene rg ie s  involved. Thus t h e  h igh ly  e n e r g e t i c  gamma and 
neutron r a d i a t i o n s  p e n e t r a t e  t h e  e n t i r e  body while t h e  s o f t  
gamma r a y s  and beta r a d i a t i o n  have only  l i m i t e d  pene t r a t ion  
through t h e  skin.  Alpha r a d i a t i o n  is of  no e x t e r n a l  conse- 
quence because of  its extremely l i m i t e d  penet ra t ion .  

The immediate e f f e c t s  of  whole body gamma r a d i a t i o n  
are determined by t h e  dosage rece ived  and t h e  r a t e  of  
de l ive ry .  The systems most fundamental ly  a f f e c t e d  a r e  t h e  
c e n t r a l  nervous system, t h e  blood forming organs and t i s s u e s  
and t h e  g a s t r o i n t e s t i n a l  t r a c t .  The time of  onse t  of 
symptoms may vary  from a few minutes f o r  extremely high 
doses  d e l i v e r e d  very r a p i d l y  t o  s e v e r a l  weeks f o r  smaller 
doses  d e l i v e r e d  more slowly. I n  gene ra l  our  prev ious ly  
publ i shed  f i g u r e s  f o r  5046 l e t h a l i t y  a t  approximately 400 

I*  

c a l l  t h e  somatic and t f e second t h e  gene t i c  e f f e c t s .  
Here we must d i s t i n g u i s h  between t h e  e f f e c t s  

(more 1 
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roentgens of  immediate gamma r a d i a t i o n  from t h e  bomb s t i l l  
seem accura te .  T rans i en t  dep res s ion  of white  c e l l s  and 
p l a t e l e t s  may be de t ec t ed  r e a d i l y  a t  an exposure of 50 
roentgens,  and nausea and vomit ing w i l l  o ccas iona l ly  be 
found w i t h  whole body doses  as  low as  100 roentgens.  

amount of r a d i a t i o n  t o  produce dea th  i n  50% of those  exposed 
mus t  be  increased by a f a c t o r  which is about two. 

I n  t h e  case of t h e  l o c a l  r a d i o a c t i v e  f a l l o u t  i n  
t h e  v i c i n i t y  of a bomb exploded on t h e  su r face ,  about one- 
h a l f  of t h e  t o t a l  p o s s i b l e  r a d i a t i o n  dose is  de l ive red  
w i t h i n  t h e  first 24 hours. Measures t o  prevent o r  l i m i t  
such exposure must  t h e r e f o r e  be  undertaken promptly if 
t h e y  are t o  be e f f e c t i v e .  

body gamma r a d i a t i o n  may cause such a depress ion  of white 
c e l l s  t h a t  a n t i b i o t i c s  are r equ i r ed  t o  block secondary 
in fec t ious .  A decrease i n  p l a t e l e t s  t o  below 30,000 per 
cubic  mi l l ime te r  may lead t o  purpura r e q u i r i n g  t h e  use of 
p l a t e l e t  t r a n s f u s i o n s ,  a procedure which is  s t i l l  ex- 
perimen tal .  

many donors,  in t roduce  hazards  such as those  from in- 
c o m p a t i b i l i t y  and from i n f e c t i o n s  h e p a t i t i s .  Save i n  a 
s i t u a t i o n  of t h e  utmost urgency, repeated small t r a n s f u s i o n s  
from d i f f e r e n t  donors may c r e a t e  more hazard than  t h a t  from 
t h e  o r i g i n a l  r a d i a t i o n  exposure. During t h e  las t .  spr ing ,  
when n e a r l y  300 Marshal l  I s l a n d s  and Task Force personnel  
were a c c i d e n t a l l y  exposed i n  a f a l l o u t  of t h e  type  d i s -  
cussed, no t r a n s f u s i o n s  were used al though i n  some cases  
white  blood c e l l  and p l a t e l e t  counts  reached d i s t u r b i n g l y  
low l e v e l s .  With conserva t ive  therapy  and good nursing,  
a l l  have recovered and t h e r e  have been no in s t ances  of 
jaundice  o r  l i v e r  involvement. 

a l s o  be expected t o  cause some delayed mani fes ta t ions .  
The j o i n t  Japanese-American s t u d i e s  by t h e  Atomic Bomb 
Casual ty  Commission a t  Hiroshima and Nagasaki have shown 
t h a t  w i t h i n  t h e  range of neutron f l u x  t h e r e  i s  an ap- 
p r e c i a b l e  incidence of c a t a r a c t s  among t h e  survivors .  Also 

Where t h e  dose is d e l i v e r e d  over s e v e r a l  days,  t h e  

Exposures i n  t h e  r eg ion  of 200 roentgens of whole 

Whole blood t r a n s f u s i o n s ,  e s p e c i a l l y  those  from 

Gamma and neutron exposures  near  l e t h a l i t y  may 

(more) 

i 1 



- 11 - 

among those  who appa ren t ly  rece ived  a heavy gamma radi-  
a t i o n  exposure,  t h e r e  has  been a s i g n i f i c a n t  i nc rease  i n  
myelogenous leukemia. Because of  t h e  r a r i t y  of  t h i s  
d i sease ,  even t h e  i n c r e a s e  i n  f requency of from 1 0  t o  
20 times over t h e  Japanese normal would not  have been 
recognized if t h e s e  s t u d i e s  had not  been made over t h e  
e n t i r e  su rv iv ing  popula t ion  of t h e  two c i t i e s .  

A t h i r d  p o s s i b l e  delayed e f f e c t  of r a d i a t i o n  
exposure which has  been demonstrated i n  animals  is a 
s t a t i s t i c a l  shor ten ing  of l i f e  expectancy. 
phenomenon does  not  r e s u l t  from any s p e c i f i c  cause of 
d e a t h  b u t  apparent ly  from a g e n e r a l  a c c e l e r a t i o n  of t h e  
ag ing  process .  Whether t h i s  f a c t o r  can be recognized i n  
a human pqpula t ion  is as  y e t  unknown. For it to be- 
come a s i g n i f i c a n t  consequence of s u b l e t h a l  r a d i a t i o n  
exposure, it would seem necessary  t h a t  a l l  causes  of  dea th  
ope ra t ing  i n  e a r l i e r  y e a r s  would have t o  be sharp ly  sup- 
pressed.  

As stated previous ly ,  w i th in  t h e  reg ion  of t h e  
de tona t ion  and t h e  a s s o c i a t e d  e a r l y  f a l l o u t  i n  t h e  case  of  
s u r f a c e  b u r s t s ,  t h e  evidence has  been overwhelming t h a t  
the  hazard from inha led  o r  inges ted  r a d i o a c t i v e  material is  
inconsequent ia l  compared t o  t h e  e x t e r n a l  gamma dose t o  t h e  
whole body and beta-gamma dose  t o  t h e  skin.  More remotely,  
however, a f t e r  decay of t h e  i so topes  of r y  s h o r t  h a l f  
l i v e s ,  some of radio-elements such as I lYB become of  
s ign i f i cance .  Because o f  t h e  su r face  contamination of 
f o l i a g e  and t h e  h igh  ra te  of  a s s i m i l a t i o n  of  iod ine  from 
t h 8 v ~ ~ a s t r o i n t e s t i n a l  t r a c t ,  it i s  not  ' d i ' f f i c u l t  t o  
demonstrate  t h e  presence of  such r a d i o a c t i v e  material i n  
t h e  t h y r o i d s  of  g raz ing  animals f o r  s e v e r a l  weeks a f t e r  a 
de tona t ion .  The amounts acqui red  by man are i n  gene ra l  
much smal le r  t han  by sheep and c a t t l e  i n  t h e  same areas. 
The r a d i o a c t i v e  iod ine  decays  r a p i d l y  and t h e  actual 
r a d i a t i o n  exposure, even t o  t h e  thy ro id  where t h e  ma- 
t e r i a l  i s  concent ra ted ,  is only  a minute f r a c t i o n  of t h a t  
capable  of producing recognizable  damage. The average ex- 
posure from t h i s  cause t o  t h e  people of t h e  United S t a t e s  
from t h e  f a l l o u t  of t h e  e n t i r e  s e r i e s  of t e s t s  t h i s  p a s t  
s p r i n g  was s u b s t a n t i a l l y  l e s s  t h a n  10% of  t h a t  accepted as  
pe rmis s ib l e  for  cont inuous exposure over  an  e n t i r e  year.  

i s o t o p e s  of  long  h a l f  l i f e  t h a t  enter  i n t o  b i o l o g i c a l  

T h i s  

Somewhat more complicated is  t h e  s u b j e c t  of  rad io-  

(more) 
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processes  and food chains .  Some o f  t hese ,  such as  s t ront ium- 
90 have an  e s p e c i a l  a f f i n i t y  f o r  t h e  ske le ton  and t h u s  pre- 
s e n t  a problem somewhat analogous t o  t h a t  of radium. 
For tuna te ly ,  we have a growing mass o f  p r e c i s e  information 
concerning t h e  q u a n t i t a t i v e  r e l a t i o n s  between inges ted  radium 
and thorium and t h e  subsequent development of bone pathology. 

c e s s i v e  amounts of radium i n  t h e  s k e l e t o n  i s  t h e  inc rease  i n  
f requency of os t eogen ic  sarcoma and it is presumed t h a t  t h e  
most important f f e c t  of t h e  i n g e s t i o n  o f  cons ide rab le  
amounts of Sr g6 would be tumor production. 
r equ i r ed  t o  produce such an e f fec t  i s  obvious ly  consider- 
ab le .  I e s t i m a t e  t h a t  t h e  amount of such m a t e r i a l  now 
p resen t  over t h e  United S t a t e s  would have t o  be increased  
by t h e  o r d e r  of  one mi l l i on  times before  an increased  
frequency of bone sarcoma from t h i s  cause could be 
recognized. 

The most important r e s u l t  of t h e  presence of ex- 

The amount 

Genet ic  Z f fec t s :  Radia t ion  may not  on ly  damage t h e  somatic 
c e l l s  b u t  by ac t ing  upon c e r t a i n  s t a g e s  o f  t h e  g e r m  c e l l s  
may g i v e  r i s e  t o  a i t e k a t i o n  o f  t h e  genes upon which in- 
h e r i t a n c e  depends. It appea r s  t o  be w e l l  e s t a b l i s h e d  t h a t  
t h e r e  is  no d e f i n i t e  t h r e s h o l d  f o r  t h i s  e f f e c t  and t h a t  t h e r e  
i s  a l i n e a r  r e l a t i o n s h i p  between t h e  frequency of t h e  gene 
changes and t h e  t o t a l  i r r a d i a t i o n .  A t  t h e  p r e s e n t  time, it 
seems t h a t  t h e  r a t e  a t  which t h e  r a d i a t i o n  is g iven  is a 
minor and perhaps n e g l i g i b l e  f a c t o r .  

made w i t h  r e l a t i v e l y  h igh  exposures  vary ing  from a minimum 
of 50 roentgens  w i t h  mice t o  a maximum of s e v e r a l  thousand 
roentgens  i n  t h e  case  of t h e  more r e s i s t a n t  f r u i t  f l y .  
Each s p e c i e s  has  i t s  own range of  s e n s i t i v i t y .  

If one assumes t h a t  t h e  l i n e a r  r e l a t i o n s h i p  which 
h a s  been exper imenta l ly  determined holds  f o r  a l l  exposures 
however small, t h e n  t h e  e x t r a p o l a t i o n  of t h e  d a t a  l e a d s  t o  
t h e  conclus ion  t h a t  a small but  f i n i t e  p r o b a b i l i t y  e x i s t s  
f o r  gene muta t ions  a t  t h e  l e v e l  o f  t h e  r a d i o a c t i v i t y  o f  t h e  
n a t u r a l  environment. That muta t ions  do occur  i n  a l l  l i v i n g  
t h i n g s  i s  w e l l  e s t a b l i s h e d  and indeed forms t h e  b a s i s  for 
a l l  evolut ion.  A t  p r e sen t ,  however, we do not  know t o  what 
extent t h e  normal mutat ion frequency is caused by t h e  rad io-  
a c t i v i t y  of t h e  n a t u r a l  environment and what i s  due t o  o t h e r  

The q u a n t i t a t i v e  s t u d i e s  have n e c e s s a r i l y  been 

' f a c t o r s .  
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The second a r e a  of u n c e r t a i n t y  has  t o  do wi th  t h e  
u l t i m a t e  e f f e c t  of muta t ion  r a t e s  on t h e  wel fare  and 
s u r v i v a l  o f  populat ions.  Since many o f  t h e  important 
muta t ions  appear  t o  be dominant l e t h a l s ,  t h e i r  e s t i -  
mation has  t o  be based, n o t  upon t h e  r ecogn i t ion  o f  
anomalous c h a r a c t e r s ,  b u t  on t h e  e s t i m a t i o n  of t h e  num- 
b e r s  o f  i n d i v i d u a l s  who should e x i s t  bu t  i n  f a c t  do not. 
The technique ,  which is  very  u s e f u l  i n  l abora to ry  ex- 
per iments  wi th  animals, becomes very d i f f i c u l t  of ap- 
p l i c a t i o n  t o  a human popula t ion  f o r  obvious reasons.  

Some of t h e  mutat ions may be r e c e s s i v e  and 
consequently n o t  be d e t e c t a b l e  u n t i l  a t  some f u t u r e  
time when an i n d i v i d u a l  c a r r y i n g  such a mutant gene 
should mate wi th  ano the r  i n d i v i d u a l  ca r ry ing  t h e  
i d e n t i c a l  f a c t o r .  

p a r t  of t h e  problem. 
u l a t i o n s  i s  t h e  important  quest ion.  These mutat ions w i l l  
be sub jec t ed  t o  t h e  same f o r c e s  o f  n a t u r a l  s e l e c t i o n  t h a t  
now a c t  against  spontaneous mutations.  

problem i n  man c o n s t i t u t e s  a very  important s e c t i o n  of 
t h e  s t u d i e s  be ing  conducted i n  Japan. No f i r m  con- 
c l u s i o n s  can b e  given u n t i l  t h e  s t a t i s t i c a l  work is  
f i n i s h e d  b u t  i t ' . s eems  l i k e l y  t h a t  some evidence of g e n e t i c  
e f f e c t  w i l l  have been obtained among t h e  more h igh ly  ir- 
r a d i a t e d  s u r v i v o r s  a t  Hiroshima and Nagasaki. A t  t h e  lower 
exposure rates, it is q u i t e  ev iden t  t h a t  no changes can be 
recognized. 

mental  a s p e c t s  of t h e  adjustment  of man t o  t h e  world of 
t h e  f u t u r e ,  is  sometimes thrown i n t o  confusion by r e c k l e s s  
and u n c r i t i c a l  pronouncements based upon assumptions which 
go f a r  beyond our  knowledge. We have d i r e  p r e d i c t i o n s  of 
many monsters and even t h e  o b l i t e r a t i o n  o f  mankind i tself  
from r a d i a t i o n  exposures which a r e  only  a small f r a c t i o n  o f  
t h a t  from cosmic r a d i a t i o n ,  from t h e  radium and radon o f  t h e  
s o i l  and a h ,  and from t h e  n a t u r a l l y  r a d i o a c t i v e  
potassium and carbon o f  which we a l l  a r e  p a r t i a l l y  composed. 
Such d i s t o r t i o n s  o f  emphasis a r e  comparable t o  contending 
t h a t  meteors  from o u t e r  space  a r e  a major t h r e a t  t o  s a f e t y  

The mere occurrence o f  mutat ions may be on ly  
The f a t e  of t h e  muta t ions  i n  pop- 

The extremely complicated and d i f f i c u l t  g e n e t i c  

T h i s  g e n e t i c  problem which i s  one o f  t h e  funda- 

(more) 
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on our highways and t h r e a t e n  t h e  s u r v i v a l  of a l l  motor i s t s .  
It i s  most e s s e n t i a l  t h a t  we keep our  pe r spec t ive  i n  such 
matters and base our  g e n e r a l i z a t i o n s  on s u b s t a n t i a l  
evidence. 

To summarize t h i s  most complicated s u b j e c t  of t h e  
medical  e f f e c t s  o f  atomic b l a s t s  is simply to r e s t a t e  some 
of t h e  ou t s t and ing  a spec t s .  Any f u t u r e  g e n e r a l  war may be 
fought  predominantly wi th  nuc lea r  weapons. 
weapons o f  mass d e s t r u c t i o n  which fo l low from t h e  c l e a r  
demonstrat ion o f  World War I1 t h a t  t h e  outcome o f  modern 
war i s  t o  a large e x t e n t  determined by t h e  i n d u s t r i a l  pro- 
d u c t i v i t y  of a n a t i o n  and t h e  a b i l i t y  of a people t o  with- 
s t a n d  great l o s s e s  and y e t  hold f i r m .  

These a r e  

The fundamental  problem is  t h e  prevent ion of war. 
It i s  not  t o  be r e so lved  by n e g o t i a t i o n  d e a l i n g  w i t h  a 
p a r t i c u l a r  t y p e  o f  weapon. 

problems involved i n  atomic warfare. Not on ly  must we be 
prepared fo r  b l a s t  and thermal  c a s u a l t i e s  on a scale never  
before conceived i n  warfare but  we must recognize t h a t  
t h e s e  weapons may a l a 0  be used for t h e i r  r a d i o l o g i c a l  ef- 
f e c t s  t o  deny t h e  cont inued use f o r  apprec i ab le  l e n g t h s  of  
time of large areas o u t s i d e  t h e  zones o f  immediate damage. 

The bas ic  s c i e n t i f i c  and t e c h n i c a l  knowledge t h a t  
i s  necessary  is a t  hand and r a p i d l y  growing. Our g r e a t e s t  
t a s k  a t  t h e  p re sen t  t ime  is  t h e  f u r t h e r  a p p l i c a t i o n  o f  t h i s  
knowledge i n  our defense  systems, bo th  m i l i t a r y  and c i v i l .  

We must face t h e  tremendous medical and s o c i a l  

- 30 - 

92254 


