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RADIOACTIVE FALLOUT FROM NUCLEAR TESTS 

FALLOUT FROM TESTS 

There i s  a g r e a t  d e a l  we do not know about t h e  
p r e c i s e  e f f e c t  o f  r a d i a t i o n  on t h e  human body, bu t  we do 
know t h a t  t h e  e f f e c t  o f  r a d i o a c t i v e  f a l l o u t  from nuclear  
t e s t s  is  n o t ,  nor is  it l i k e l y  ever t o  be,  t h e  danger t o  t h e  
human r a c e  i n  t h i s  gene ra t ion  o r  i n  l a t e r  gene ra t ions  which 
many people have been l e d  t o  be l ieve .  

Long be fo re  nuc lea r  weapons were even thought o f ,  
i n  f a c t ,  ever  s i n c e  people  have l i v e d  on t h i s  p l a n e t ,  t hey  
have been s u b j e c t  t o  r a d i a t i o n  from cosmic r a y s  and from t h e  
r a d i o a c t i v e  m a t e r i a l  i n  t h e  c r u s t  of t h e  ea r th .  I n  r e c e n t  
y e a r s  has  been added r a d i a t i o n  from t h e  use of X-rays, 
from luminous devices ,  e t c .  

r a d i a t i o n  from some of t h e  o t h e r  sources  which have been wi th  
us through a l l  times so  t h a t  we may b e t t e r  eva lua te  f a l l o u t  
as an element of danger. 

Let us  compare r a d i a t i o n  from t e s t  f a l l o u t  w i th  

Cosmic r a y s ,  which come from o u t e r  

(more) 
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space,  have t h e i r  r a d i a t i o n  e f f e c t  pyogress ive ly  d i l u t e d  as  
they  p a s s  through t h e  atmosphere surrounding t h e  ea r th ,  
Thus, t he  person l i v i n g  i n  Denver, Colorado, a t  an  a l t i t u d e  
of about 5,000 f e e t  r e c e i v e s  a dosage of cosmic r a y s  ap- 
proaching double t h a t  of a person who l i v e s  a t  sea  l e v e l .  

A t  t h e  p r e s e n t  t ime, t h e  r a d i a t i o n  dosage t o  bone 
from t h e  most worrysome p a r t  of r a d i o a c t i v e  f a l l o u t ,  which 
i s  Strontium-90, i s  about t h e  same as what t h e  Denver res i -  
dent  would r e c e i v e  a s  a d d i t i o n a l  r a d i a t i o n  from cosmic r a y s  
if he moved from Denver ?roper about 200 f e e t  up on t h e  
mountainside,  or t o  %he r e s i d e n t  a t  sea  l e v e l  if he moved 
from t h e  beach t o  t h e  t o p  of a h i l l  300 f e e t  high. 

More e x a c t l y ,  and using t h e  measure commonly used 
f o r  r a d i a t i o n  exposure, t h e  roentgen,  which i s  an amount 
equal  i n  t h e  ches t  t o  s i x  t o  t e n  ches t  X-rays-at sea  l e v e l  
i n  our l a t i t u d e s  we r e c e i v e  37 thousandths  of  one roentgen 
each year  from cosmic r ays ,  while  people  l i v i n g  a t  Denver, 
Colorado, a t  an  a l t i t u d e  of  5,000 f e e t  r e c e i v e  60 thou- 
sandths  o f  a roentgen annual ly ,  Now, i n  order  t o  compare 
f a l l o u t  we must p u t  a l l  i tems i n  t h e  same terms. 

FALLOUT AND RADIOACTIVE STROW IUD1 

A t  t h e  p re sen t  time, t h e  r a d i a t i o n  e f f e c t  on human 
bones from r a d i o a c t i v e  s t ront ium, t h e  most worrisome p a r t  
of r a d i o a c t i v e  f a l l o u t ,  i s  about 1 .5  thousandths  of a 
roentgen annually--aboat one - f i f t een th  of  t h e  d i f f e r e n c e  be- 
tween t h e  cosmic r a y  dosages a t  s ea  l e v e l ,  and a t  5,000 f e e t  
e l e v a t i o n ,  o r  equal  t o  t h e  e x t r a  cosmic r a y s  a t  t h e  extra 
h e i g h t  of about t h r e e  hundred f e e t ,  

Radioact ive s t ront ium does not  occur n a t u r a l l y  bu t  
i s  produced by nuc lear  r e a c t i o n s ,  
tendency t o  s t a y  i n  our  bones and t h u s  t o  i r r a d i a t e  them. 
How much does It amount t o ?  A s  j u s t  s ta ted,  t h e  most ;.e- 
cen t  data show t h a t  c h i l d r e n  i n  t h e  United S t a t e s  have 
about 1.5 thousandths  of a roentgen annua l ly  of extra bone 
exposure from t h e  r a d i a t i o n  from r a d i o a c t i v e  s t ront ium, 

It a l s o  has a n a t u r a l  

(more) 
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Adults  have much l e s s  because t h e i r  bones grow more slowly. 
T h i s  country has  somewhat h ighe r  r a t e s  t han  elsewhere be- 
cause of our  t e s t s  i n  Nevada. 

The e f f e c t s  of i r r a d i a t i o n  of bone a r e  bone tumor 
and leukemia, How much hazard does t h e  bomb t e s t  r a d i o a c t i v e  
s t ront ium c o n s t i t u t e ?  T h i s  is  a d i f f i c u l t  ques t ion  t o  answer 
wi th  complete c e r t a i n t y  f o r  t h e  amounts which cause t h e s e  
e f f e c t s  a r e  not wel l  known, but  we do know t h a t  t h e  dosage 
i s  much l e s s  than t h e  e x t r a  cosmic r a y  dosage a t  5,000 f e e t  
a l t i t u d e  a s  compared t o  sea l e v e l ,  We have examined t h e  
v i t a l  s t a t i s t i c s  on t h e s e  dread i l l n e s s e s  t o  see  whether 
t h e r e  i s  a higher  r a t e  f o r  popu la t ions  l i v i n g  a t  5,000 f e e t  
t h a n  for those  l i v i n g  a t  sea l e v e l  i n  o r d e r  t o  g e t  from t h e s e  
d a t a  some d i r e c t  no t ion  about t h e  magnitude of t h e  e f f e c t .  
There i s  no evidence 6f any observable  e f f e c t  o f  t h e  e x t r a  
r a d i a t i o n  i n  t h e s e  numbers. The average annual incidence 
of bone cancer a t  both l e v e l s  was about  2.8 per  100,000 
people  i n  19-47, and f o r  leukemia, t h e  average was about 7. 
The a c t u a l  numbers were: 

Occurrence of Bone Cancer and Leukemia 
(New Cases Per  Year Per  100,000 Populat ion.  ) 

Bone Cancer Leukemia 

Denver 
New Orleans 
San Francisco 

2.4 
2.8 
2.9 

( F i g u r e s  obtained from Nat iona l  I n s t i t u t e s  of 
Heal th ,  Department of Health,  Education and 
We If ar  e )  

6.4 
6.9 
10.3 

Since excess ive  doses  of r a d i o a c t i v e  s t ront ium a r e  
known with c e r t a i n t y  t o  cause both bone cancer  and leukemia 
i n  animals,  we must not  dep reca te  o r  c a s u a l l y  d i smis s  t h e  
p o s s i b l e  r e s u l t s  o f  a widespread, but  low i n t e n s i t y ,  e f f e c t  
i n  causing t h e s e  d i s a b i l i t i e s .  However, by using normal 
experience i n s o f a r  as  it i s  a p p l i c a b l e ,  we can o r i e n t  our- 
s e l v e s  w i t h  r e s p e c t  t o  t h i s  new f a c t o r  i n  our environment-- 

(more) 
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much a s  w e  do f o r  o t h e r  r e s u l t s  of our  modern way of l i f e .  
We cannot see  any e f f e c t  of a r a d i a t i o n  dosage f i f t e e n  t imes  
t h e  p re sen t  t e s t  f a l l o u t  dosage i n  l a r g e  popula t ions ,  b u t  t h e  
number of cases  of bone cancer  and leukemia each year ,  even 
i n  t h e  l a r g e  c i t i e s ,  is  small s o  om d a t a  may not be t o o  
s i g n i f i c a n t .  However, t h e s e  f i g u r e s  do po in t  t o  a d e f i n i t e  
t a n g i b l e  evidence o f  a margin of s a fe ty .  

Perhaps more p e r t i n e n t ,  though l e s s  d i r e c t ,  i s  t h e  
r e s u l t  of animal experimentat ion and t h e  r a r e  human expe- 
r i e n c e  on t h e  e f f e c t s  of r a d i a t i o n  i n  causing bone tumors 
and leukemia. The o f f i c i a l  t o l e r a n c e  l i m i t  f o r  people 
working i n  atomic energy p l a n t s  and w i t h  r a d i o a c t i v i t y  
p r o f e s s i o n a l l y  i s  2,000 times t h e  p r e s e n t  bone conten t  
f o r  c h i l d r e n  i n  t h e  United S t a t e s ,  and about 10,000 t imes  
t h a t  i n  a d u l t s .  However, it has been recommended by high 
s c i e n t i f i c  a u t h o r i t i e s  t h a t  t h e  t o l e r a b l e  amounts of rad io-  
a c t i v e  s t ront ium f o r  t h e  popula t ion  i n  gene ra l  should be 
only  one-tenth of t h o s e  accep tab le  f o r  workers who of  
course expose themselves vo lun ta r i ly .  On t h i s  basis t h e  
p re sen t  l e v e l  i n  c h i l d r e n  is  1/200 and, i n  a d u l t s ,  about 
1/1000 af t h i s  maximum pe rmis s ib l e  concen t r a t ion  f o r  l a r g e  
groups  of people. Perhaps a word of explana t ion  of t h e s e  
t o l e r a n c e  o r  maximum pe rmiss ib l e  concen t r a t ion  l i m i t s  
would be he lpfu l .  When s c i e n t i s t s  speak of "risk1? o r  
lthazardlt, t hey  do n o t  use t h e  words i n  t h e  same sense 
t h a t  most laymen regard  them. S c i e n t i s t s  t r y  t o  be  pre- 
c i s e ;  t hey  measure such t h i n g s  almost t o  t h e  l i m i t s  of  t h e  
f i n i t e ;  t h e r e f o r e ,  " r i sk"  means p o s s i b l e  e f f e c t s  f a r  be- 
yond t h e  range of t h e  probable  o r  de t ec t ab le .  The maximum 
permiss ib l e  l i m i t s  do not  mean t h a t  above t h o s e  l i m i t s  one 
encounters  trouble--but ra ther  t h a t  perhaps only a ten-fold 
l a r g e r  concen t r a t ion  would g ive  e f f e c t s  which would be 
d e f i n i t e l y  de t ec t ab le .  

WHAT ABOUT THE FALLOUT STILL I N  THE STRATOSPHERE? 

If a l l  t h e  r a d i o a c t i v e  f a l l o u t  which s t i l l  i s  a i r -  
borne should come down suddenly, t h e r e  would be about one- 
t h i r d  more t o t a l  r a d i o a c t i v e  s t ront ium on t h e  ground than  
w e  now have he re  i n  t h e  United S ta t e s .  It f a l l s  so slowly, 
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however, t h a t  t h e r e  is expected t o  be  r e l a t i v e l y  l i t t l e  in- 
c r ease  over t h e  p re sen t  amount deposited-the e x t r a  f a l l o u t  
j u s t  about compensating f o r  t h e  n a t u r a l  r a d i o a c t i v e  decay 
of t h e  r ad ios t ron t ium a l r e a d y  deposi ted.  
decay occurs  a t  t h e  r a t e  of 50 pe rcen t  every 28 years . )  
The ground l e v e l  w i l l  remain about cons t an t  f o r  t h e  next 
t e n  y e a r s  and t h e n  drop off a t  t h e  r a t e  of about 2.5 percen t  
p e r  yea r  due t o  r a d i o a c t i v e  decay uncompensated by f u r t h e r  
f a l l o u t  from t h e  upper atmosphere. Therefore ,  i n  t h e  United 
S t a t e s  t h e  p r e s e n t  l e v e l  i s  about a s  much as  we s h a l l  ever  
have from t e s t s  a l r e a d y  f i r e d .  

(The r a d i o a c t i v e  

WHAT ABOUT POSSIBLE GENETIC EFFECTS? 

'.. . 

Radiostrontium is  not  t h e  only f a l l o u t  product of 
nuc lea r  bombs. I n  f a c t ,  t h e r e  a r e  dozens of o t h e r s  b u t ,  
f o r  one reason  o r  another ,  t h e s e  f a i l  t o  accumulate i n s i d e  
t h e  body a s  r ad ios t ron t ium does. However, c e r t a i n  of t h e s e  
o t h e r  f a l l o u t  m a t e r i a l s  do emit p e n e t r a t i n g  r a d i a t i o n  which 
can i r r a d i a t e  t h e  body from t h e  o u t s i d e  and t h u s  p o s s i b l y  
can have e f f e c t s  on t h e  h e a l t h  and can produce g e n e t i c  muta- 
t i o n s .  
of a nucfe& explos ion ,  t h i s  r a d i a t i o n  of t h e  body from t h e  
o u t s i d e  i s  t h e  p r i n c i p a l  hazard,  and it is  only l a t e r  on 
t h a t  r ad ios t ron t ium becomes important . There i s  one short-  
l i v e d  form of r a d i o a c t i v e  iod ine  which i s  a s s i m i l a t e d  i n t o  
t h e  t h y r o i d  gland so it is  not  q u i t e  c o r r e c t  t o  say t h a t  no 
i n t e r n a l  i r r a d i a t i o n  OCCUTS from e a r l y  f a l l o u t ,  bu t  t h e  ex- 
t e r n a l  r a d i a t i o n  c e r t a i n l y  i s  t h e  main hazard wi th  which t h e  
United S t a t e s  Government i s  concerned i n  p lanning  p r o t e c t i o n  
a g a i n s t  enemy nuc lea r  bombs, La te r  on and fa r  away from t h e  
t e s t  s i t e ,  months and y e a r s  a f t e rwards ,  t h e r e  s t i l l  i s  some 
e x t e r n a l  r a d i a t i o n  which does amount t o  a d e t e c t a b l e  t o t a l  
and it i s  t h i s  r a d i a t i o n  which r a i s e s  ques t ions .  

In f ac t , .  f o r  e a r l y  f r e s h s f a l l o u t  c l o s e  t o  t h e  s i t e  

We a r e  c o n t i n u a l l y  be ing  bombarded by r a d i a t i o n s  
not  only from t h e  cosmic r a y s  f rom o u t e r  space-the cosmic 
r a y s  mentioned above--but from the  e a r t h  and even from our  
own bodies,  Following our p rev ious  t a c t i c  of comparing 
t h e s e  new f a l l o u t  e f f e c t s  w i t h  normal experience i n s o f a r  as  

(more) 
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it is j u s t i f i e d ,  we now compare t h e s e  e x t e r n a l  r a d i a t i o n  
ex2osures w i t h  t hose  normaily encountered. The e x t e r n a l  
r a d i a t i o n  doses  from t e s t  f a l l o u t  have averaged between 
1 and 5 thousandths  of one roentgen pe r  year  dur ing  t h e  
las: t h r e e  o r  f o u r  years.  
w i t h  a normal dosage from our se lves  and our environment 
cf 150 thousandths  of a roentgen pe r  year.  
we conclude t h a t  t h e  r a d i a t i o n  dose from t e s t  f a l l o u t  i s  
r e l a t i v e l y  very smal l ,  b u t  t h e  q u e s t i o n  remains: "Smail 
a s  it is ,  does it have g e n e t i c  and h e a l t h  e f f e c t s ? "  

N o w ,  t h i s  i s  t o  be compared 

Therefore ,  

The d i r e c t  experience which we have had on h e a l t h  
We do not  s ee  t h a t  t h e  much l a r g e r  e f f e c t s  i s  r eas su r ing .  

dosages rece ived  by people l i v i n g  i n  t h e  h igher  a l t i t u d e s  
or i n  l o c a l i t i e s  which a r e  p a r t i c u l a r l y  r a d i o a c t i v e  have 
had no t i ceab ly  bad effects--the e f f e c t s  expected a r e  cancer 
and shor ten ing  of l i f e .  However, it may be t h a t  small 
e f f e c t s  do occur which because of t h e i r  smallness  a r e  
d i f f i c u l t  t o  see. The only d e f i n i t e  t h i n g  we can be cer-  
t a i n  of i s  t h a t  t e s t  f a l l o u t  is very  ma l l  as compared 
t o  n a t u r a l  dosages and, t h e r e f o r e ,  we know t h a t  t h e  e f f e c t s  
must no t  be very f a r  o u t s i d e  of normal experience.  One 
environment can d i f f e r  from ano the r  i n  n a t u r a l  r a d i a t i o n  
i n t e n s i t y  by much more than  t h e  t o t a l  fallou';.  For example, 
a b r i c k  o r  concre te  house can e a s i i y  have enough 'na tura l  radio-  
a c t i v e  m a t e r i a l  i n  t h e  walls t o  g i v e  up t o  40 thousandths  of 
a roentgen p e r  year  more exposure than  a wooden house-this 
i s  between 8 and 40 t imes  t h e  annual dosage from t e s t  f a l l o u t .  
The g e n e t i c  e f f e c t s  a r e  much more d i f f i c u l t  t o  cons ider  s i n c e  
they  w i i l  show up only  i n  l a t e r  g e n e r a t i o n s  and, most i m -  
p o r t a n t l y ,  only wheii bo th  p a r m t s  have been e f f e c t e d  e i t h e r  
d i r e c t l y  or through a f f e c t e d  parents .  But by study of animals 
and p l a n t s  we know t h a t  r ad iab ion  does produce g e n e t i c  changes- 
we even i r r a d i a t e  p l a n t  seeds  i n  order  t o  speed up +,he r a t e  a t  
which new forms appear so  s a p e r i o r  new plaizts can be produced 
by s e l e c t i o n  of  t h e  few d e s i r a k d s  ones and c u l t i v a t i n g  them 
i n  t h e  way Luther  Burbank developed so  mzny u s e f u l  new p l a n t s  
using j u s t  t hose  n a t u r a l l y  occur r ing  forms. However, most 
of t h e  forms from t h e  i r r a d i a t e d  seeds have i n f e r i o r  proper- 
t i e s  and it is  only a r a r e  ons t h a t  i s  a d e f i n i t e  improve- 
ment on t h e  o r i g i n 2 1  p l an t .  S imi l a r  results a r e  found with 
animals  so we guess  t h a t  human be ings  probably a r e  s u b j e c t  
t o  sane type  o f  e f f e c t s .  Therefcre ,  we b e l i e v e  t h a t  t h e r e  

(more) 
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must be some g e n e t i c  effecCus of t e s t  f a l l o u t  r a d i a t i o n  bu t ,  
aga in ,  s o u r  normal experience i n  which no e f f e c t s  of 
h igh  a l t i t u d e s  ve r sus  low, o r  b r i c k  ve r sus  wooden houses, 
e t c , ,  have been observed, we know t h a t  t h e  e f f e c t  must  be 
very  small, 
an imals  agree  with t h i s ,  bu t  do i n s i s t  that  t h e r e  must be 
some very small e f f e c t ,  a l though it w i l l  be e n t i r e l y  un- 
d e t e c t a b l e  from t e s t  f a l l o u t .  

The l a b o r a t o r y  experiments on p l a n t s  and 

WHAT ABOUT FUTURE TESTS? 

Continued t e s t i n g  a t  t h e  same ra te  and i n  t h e  same 
way a s  dur ing  t h e  l a s t  f i v e  yea r s  w i l l  not  i nc rease  t h e  
hazard on a s t r a i g h t  a d d i t i v e  b a s i s  s i n c e  an  equi l ibr ium 
w i l l  be e s t a b l i s h e d  between a d d i t i o n s  of r a d i o a c t i v i t y  and 
r a d i o a c t i v e  decay. For Strontium-90, t h e  maximum f a c t o r  of 
i nc rease  p o s s i b l e  i s  e ight - fo ld  and t h e  e x t e r n a l  r a d i a t i o n  
exposure ou t s ide  t h e  immediate t e s t  a r e a  would behave 
s i m i l a r l y .  I n  1980 it would be f o u r  t imes t h e  p re sen t  and, 
i n  2011, about six t imes ,  and so on u n t i l  a f t e r  a very long 
time it would approach t h e  f a c t o r  of e igh t .  

e f f e c t  of r a d i a t i o n  r e s u l t i n g  from weapons t e s t s ,  b u t  r a t h e r  
what would be t h e  e f f e c t  of t h e  i n f i n i t e l y  g r e a t e r  amount 
of r a d i a t i o n  Which would r e s u l t  from t h e  massive use of nu- 
c l e a r  weapons i n  warfare ,  Here we would be d e a l i n g  wi th  ex- 
c e s s i v e  r a d i a t i o n ,  not  t o  a l l  t h e  people of t h e  world a s  has  
been suggested,  bu t  q u i t e  probably t o  l a r g e  numbers of people 
r e s i d i n g  i n  a r e a s  of  s u b s t a n t i a l  contamination. With regard 
t o  t h e  people so overexposed, t h e r e  would be s e r i o u s  i n c r e a s e s  
i n  t h e  p a t h o l o g i c a l  e f f e c t  of excess  r a d i a t i o n ,  such as  cancer 
and leukemia, 
would manifest  i t s e l f  i n  t h e  c h i l d r e n  and t h e  ch i ld ren ' s  
c h i l d r e n  of such people. 

The cause f o r  real  concern i s  not  t h e  d e l e t e r i o u s  

There would, also, be t h e  g e n e t i c  e f f e c t  which 

In  na tu re ,  t h e r e  a r e  mutat ions i n  p l a n t s ,  i n  animals,  
i n  human beings,  Some muta t ions  show su2e r io r  c h a r a c t e r i s t i c s  
and t h e s e  make it p o s s i b l e  f o r  u s  t o  develop sxpe r io r  s t r a i n s ,  
bu t  un fo r tuna te ly  most mutat ions m e  harmful r a t h e r  t han  
b e n e f i c i a l .  For  t h i s  reason  and because t h e i r  e f f e c t  is  not  
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l i m i t e d  t o  one genera t ion ,  t h e  gene t i c  e f f e c t s  of excessive 
r a d i a t i o n  may be more important than  t h e  pa tho log ica l  ef- 
f e c t s .  

sources ,  from t h e  normal use of X-rays--is a l l  measured i n  
q u a n t i t i e s  so minute a s  t o  have very small e f f e c t s  on e i the r  
p re sen t  o r  f u t u r e  genera t ions ,  we should concent ra te  o u r  con- 
ce rn  on what would happen if t h e  world should engage i n  a nu- 
c l e a r  war, f o r  t h e r e i n  l i e s  t h e  r e a l  danger t o  mankind. 

minute. 
i s  measured i n  terms o f  risk--40,000 highway d e a t h s  each 
yea r  i n  t h i s  country,  a c c i d e n t s  i n  t h e  home, e tc .  We make 
our  choice: How much r i s k  a r e  we w i l l i n g  t o  t a k e  as payment 
f o r  our  p l e a s u r e s  (swimming a t  t h e  seashore,  f o r  example), 
our comfort, o r  our m a t e r i a l  progress? Here o w  choice 
seems much c l e a r e r .  Are we w i l l i n g  t o  t a k e  t h i s  very small 
and r i g i d l y  c o n t r o l l e d  r i s k ,  o r  would we p r e f e r  t o  run  t h e  
r i s k  of a n n i h i l a t i o n  which might r e s u l t  i f  we surrendered 
t h e  weapons which a re  s o  e s s e n t i a l  t o  our freedom and our  
a c t u a l  surv iva l .  

If radiation-from weapons t e s t  f a l l o u t ,  from n a t u r a l  

It i s  no t  contended t h a t  t h e r e  i s  no r i s k ,  however 
But a l l  l i f e ,  and every minute of our  day and n i g h t ,  
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