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Radioactive Fa l lou t  From Nuclear Xxplosions 

1, INTRODUCTION 

Three y e a r s  ago Dr.  Frank Shelton and Major General Luedecke appeared 
Since t h a t  befom this committee to discuss  Fal lout  from Nuclear Weapons. 

t i m e  there  have been a number of forward strides made in our knowledge of 
the subject ,  
of f a l l o u t  and i t s  possible e f f e c t s  e i t h e r  i n  some fu ture  w a r  or as a 
r e s u l t  of pas t  nuclear tests. 

I n  addition, there  has been considerable public discussion 

World-wide f a l l o d t  from these t e s t s  has been the subjec t  of 
considerable concern, subs t an t i a l  differences of opinion and much 
controwrsy. 

To a degree t h i s  controversy has ex is ted  because w e  were deal ing 
with what appeared t o  be a new phenomenon, There has been uidespread 
ignorance of the f a c t s  concerning rad ioac t iv i ty  not  on ly  among laymen but 
also among the nexperts,n This i s  not  surpr is ing when one considers the 
broad spectrum of d i sc ip l ines  whichareinvolved in the  topic  of f a l l o u t  and 
i t s  e f f ec t s .  Nuclear physics, meteorology, soil science, p l w t  biology, 
medicine, genetics,  and p o l i t i c a l  science all have important things to say 
on t h i s  subject and most s tud ie s  have involved groups of people with the 
normal differences of opinion or  of emphasis expected i n  any group., 

to  dispel the  aura of mystery which has beclouded the f a l l o u t  s i tua t ion ,  
'in 1957 and again i n  1959 the Jo in t  Committee on Atomic Energy conducted 
q u i t e  comprehensive s tud ie s  
tests. I n  addition, t h a t  committee conducted a hearing on what would happen 
to t h i s  country i n  a la rge  scale  nuclear w a r ,  
standards a re  to be held this coming May, 

A grea t  deal  of c r e d i t  must be given t o  the Congress i t s e l f  ir. helping 

of a l l  aspects of f a l l o u t  from nuclear weapons 

Hearings on rad ia t ion  
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Besides the Congress, o ther  governmental agencies have published 
extensive information on f a l lou t ,  The United Nations has also entered 

- the f ie ld  of gathering and disseminating such information. 

Today, i n  a s h o r t  period of time, I w i l l  review the eeQential features 
of the f a l l o u t  problem and attempt to bring i n t o  perspect ive some of the 
cont rovers ia l  issues. 
some areas most of the experts agree, but  in  others there are still wide 
divergences of opinion. 
po in t  it out. 
possible; however, the very nature of the subject  forces  us t o  use c e r t a i n  
technical  terms which are defined i n  an attached list. We a r e  prepared t o  
go as far as you may desire during the question period which follows. 

I would l i k e  t o  indicate  a t  the outaet  t h a t  i n  

Where disagreernenteAsts ,  I will endeavor to 
I have t r i e d  to keep my statewent as nontechnical a s  

At the outae t  I would like to indica te  t h a t  my organization, the 
Defense Atomic Support Agency, has i n  the pas t  been responsible f o r  con- 
ducting nuclear weapons tests i n  concert  w i t h  the A t o m i c  Energy Commission. 
The three mi l i t a ry  services  have par t ic ipa ted  fully i n  these tests since 
they are the ult imate users of these weapons and t o  a large measure specify 
the m i l i t a r y  requirements f o r  them. 
o r  to defend aga ins t  nuclear weapons, we must know the  effects produced by 
such explosions. Consequently, we have spent a great dea l  of time, e f f o r t ,  
and money i n  instrumenting tests to determine the s ign i f i can t  e f f ec t s .  We 
have a continuing research program to cor re lea te  and evaluate the data  we 
have gained and t o  gather these f a c t s  together  i n t o  a form which w i l l  be 
of g rea t e s t  use t o  the government. 
casua l ty  producing propert ies  has had a great deal of at tent ion.  

Obviously, e i t h e r  to use e f f i c i e n t l y  

Naturally f a l l o u t  w i t h  i ts  far-reaching 

Besides the instrumentation i n  the immediate Vicini ty  of tes t ing ,  
much e f f o r t  has been expended to detennine the amounts of r ad ioac t iv i ty  
which is  spread to  grea t  distances.  
a r e  being made by the Public Health Service, the U. So Weather Bureau, 
the Department of Agriculture, t he  Atomic berm Commission, and a t  l e a s t  
four  Department of Defense agencies. Each of these sampling programs has 
provided valuable information i n  disclosing the overa l l  f a l l o u t  mechanisms. 
Continusd monitoring of t h i s  nature w i l l  r e f i n e  even further our already 
f a i r l y  accurate picture.  
private organizations, such as Minnesota Department of Health, and the 
Consumers Union are i n  the  sampling businesso 

A t  the present  time, co l lec t ions  

I n  addi t ion to the Federal agencies, state,  and 

II. PHYSICS OF FAIltoUT PRODUCTION 

When a nuclear detonation of  any type occurs there i s  a concurrent 
These can vary i n  type and number production of radioact ive pa r t i c l e s .  

depending upon the nature of t he  device and i t s  surroundings. 

There a r e  two basic types of reac t ions  which occur i n  a nuclear ex- 
plosion. 
elements wi th  a consequent re lease  of energy. 
very l i g h t  elements are  coalesced thereby producing a similar release of energy. 

The first is f i s s ion ,  where heavy elements a re  broken up i n t o  l i g h t e r  
The second i s  fusion, where 
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Fiss ion  products a re  almost without exception radioact ive,  and they 
cons t i t u t e  the major port ion of the rad ioac t iv i ty  i n  f ~ c ~ u t .  
products of fus ion  a re  radioact ive but  they differ from f i s s i o n  products i n  
severa l  ways. 
i n  the  immediate Vicini ty  of an explosion and thus do notkeentribute markedly 
t o  the  high l e v e l s  of r ad ioac t iv i ty  which character ize  locd fkl lout ;  This 
f a c t  has generated the use of the somewhat misleading Aclean bomb" concept. 
I n  a c t u a l i t y  the fusion react ion can produce abundant quan t i t i e s  of f r e e  
neutrons. These neutrons can induce a c t i d t i e s  i n  the materia l  surrounding 
the bomb. The ac t iva ted  mater ia ls  w i l l  vary considerably i n  tSpe or quant i ty  
depending upon the make-up of the bomb case and accessories  and the make-up 
of the s o i l  o r  water on which the bomb is  burst. 
i n  the air w i l l  produce carbon-l-4. 

Some of the 

The most important difference i s  t h a t  they do not  fall down 

Neutroas striking nitrogen 

To date,  man-made carbon-l.4 production has increased the na tura l  cosmic 
ray-produced reservoi r  by about 1%. 
when compared t o  t h a t  of f i s s i o n  products but may have important genetic 
e f fec ts .  
to  t h a t  of f i s s i o n  products, and, except i n  the case of high yield, pre- 
dominantly fusion weapons, are not  considered a major f a c f m  i n  the f a l l o u t  
problem. 

The activity from carbon-14 i s  negl igible  

Even s o i l  and bomb case induced a c t i v i t i e s  are small when compared 

About 400 d i f f e r e n t  v a r i e t i e s  of f i s s i o n  products are produced. The 
quant i ty  of each Qpe made w i l l  be determined by t h e  y i e l d  of the weapon, 
type of mater ia l s  used, and their  arrangement i n  the weapon. The highly 
penetrating gamma r ad ia t ion  emitted by the f i s s i o n  products during the 
first minute along w i t h  the excess neutrons are referred to as the prompt 
radiat ion.  The f i s s i o n  products thrown up by the explosion eventually fa l l  
b a c k t o  the ground i n  various ways. 
products cons t i tu te  the f a l l o u t  hazard. 

!he residua3 rad ia t ion  'from these 

To give you some grasp of  the amount of r ad ioac t iv i ty  which i s  produced, 
it can be shown t h a t  one minute after the f i r i n g  of a 1 ki lo ton  explosion, 
the two ounces of f i s s i o n  products produced have an a c t i v i t y  equal to t h a t  of  
100,000 tons of radium. However, unl ike radium, the i n t e n s i t y  of this r ad ia t ion  

weakens as t i m e  progresses so t h a t  f o r  every sevenfold inc rease : in ' t ime  after 
one minute, the rad ia t ion  l e v e l  i s  reduced tenfold. By the  end of th ree  months 
our 2 ounces of f i s s i o n  products would have an activity equal t o  t h a t  of 250 
p0und.s of radium while the a c t i v i t y  of t he  100,000 tons of radium would have 
been reduced hardly a t  all. 
produced in a nuclear explosion depends upon many fac tors .  
are abundance and manner of production, h a l f  -life, mode of decay or l o s s  of 
rad ioac t iv i ty ,  and chemical nature. 
isotopes which are considered o f  long range biological  significence.  

The r e l a t i v e  importance of any one isotope 
Some of  these f ac to r s  

we w i l l  d iscuss  l a t e r  some nf the spec i f ic  

111. I!JITIAL SCATTERING OF FALLOUT PARTICLES 

There are a number of f ac to r s  which influence the way i n  which the 
various elements comprising the debris from a nuclear detonation are scat tered 
about. 
over which i t  i s  burst, and type ofatmosphere. 

The major f ac to r s  are s i ze  of weapons,.height of burs%, type of surface 
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kt US discuss  f o r  a moment the s t ruc ture  of the atmosphere. 
known as  the troposphere, can best be described as the  weather making p a r t  of 
the atmosphere. Here w e  f i nd  r e l a t i v e l y  moist a i r  heated by t he  warmed sur- 
face of the ear th ,  a s i t ua t ion  which leads t o  the produc- of  clouds, tur- 
bulence, and rainfall.  The stratosphere s i t s  on top of the  troposphere and 
exhib i t s  l i t t l e  cloudiness o r  turbulence. The boundary between these areas 
l i es  a t  about 55,000 f e e t  in the t ropics  and slopes off  t o  between 25 and 
35,OOO f e e t i n  the temperate and a r c t i c  regions. I n  the middle l a t i t u d e s  
there i s  a ra ther  sharp discont inui ty  i n  t h i s  boundary, or  tropopause as  it i s  
c u e d .  
appears t o  provide the major avenue fo r  s t ra tospher ic  f a l l o u t  t o  en ter  the 
troposphere. 
than the t rop ica l  stratosphere,  espec ia l ly  i n  the wintertime. 

The lower portion, 

A s  we s h a l l  see later, it is  t h i s  break i n  the tropopause which 

The a r c t i c  stratosphere exhib i t s  a grea te r  degree o f  turbulence 

If a weapon i s  f i r e d  su f f i c i en t ly  high above the ground, there  w i l l  be 
e s s e n t i a l l y  no l o c a l  fa l lou t .  
Hiroshima and Nagasaki. Casualties i n  those c i t i e s  were produced by the blast,, 
thermal, and prompt rad ia t ion  e f f e c t s  of the  bombs and t h e i r  secondary effects ,  
such a s  f ly ing  debris  and fires. 

This i s  the s i t ua t ion  which prevailed a t  

As the height of burst i s  lowered toward the surface of the e a r t h ,  more 
and more materials w i l l  be vaporized and sucked up from the ground i n t o  the 
f i r e b a l l .  
ing f i s s i o n  products and w i l l  promote t h e i r  early removal from the cloud. 
This i s  the local f a l l o u t  which will give doses 
i n  a shor t  period of time t o  unprotected people as far a s  several  hundred 
miles away for s u f f i c i e n t l y  la rge  weapons. 
a t  which the weapon can be exploded to produce no l o c a l  f a l l o u t  depends upon 
the s i ze  of the weapons and can be calculated with a fair degree of accuracy, 
Since l a r g e r  weapons produce l a r g e r  f i r e b a l l s ,  i t  i s  apparent t ha t  l a rge r  
weaDons must be burst  a t  higher a l t i t u d e s  t o  prevent local f a l lou t ,  

This mater ia l  will condense i n t o  r e l a t ive ly  l a rge  p a r t i c l e s  contain- 

which can e a s i l y  be l e t h a l  

The minimum height above the ground 

The mater ia l  not deposited loca l ly  will be car r ied  t o  great  dis tances  
Eventually t h i s  mater ia l  w i l l  be incorporated i n t o  raiafall by the  winds. 

and will reach the ground, 
all of  t he i r  r ad ioac t iv i ty  i n t o  the stratosphere.  
burs t  i n  the t rop ic s  would place less than one quarter of i t s  rad ioac t iv i ty  
i n  the stratosphere since the s o i l  sucked up i n t o  the f i r e b a l l  would tend t o  
reduce the height t o  which the cloud could r i s e  and would tend t o  promote 
the e a r l y  f a l l o u t  of the f i s s i o n  products, TLis same weapon burst  over water 
o r  i n  the a i r  would place more than half  of i t s  rad ioac t iv i ty  i n  the stratosphei 
An air burs t  of t h i s  weapon i n  the  northern l a t i t udes  would place p rac t i ca l ly  
all of i t s  rad ioac t iv i ty  i n  the stratosphere,  

Suf f ic ien t ly  l a rge  weapons can put  a part  o r  
A one megaton land surface 

To date a p p r o a a t e l y  92 megatons of f i s s i o n  products have been manufacturt 
by all nations during weapons test. 
been in jec ted  in to  the stratosphere,  25 from -Pacific t e s t s  and 25 from Siberian 
tests. Before w e  discuss  the world-wide d i s t r ibu t ion  of t h i s  f a l l o u t  material ,  
I would l i k e  t o  discuss  f o r  a moment the topic  of l o c a l  fa l lou t .  

About 50 megatons of t h i s  material has 

- 
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I V  . LOCAL FALLOUT 

I n  a real sense l o c a l  f a l l o u t  i s  of grea te r  s ignif icance than world- 
In the event of a nuclear war, l o c a l  fallout-has the capa- wide fa l lou t .  

c i t y  of producing la rge  number of ea r ly  casua l t ies  a t  dis tances  hundreds 
of miles away from the point  of detonation. I n  the two weapons u t i l i z e d  
in Japan i n  1945, there  was e s s e n t i a l l y  no l o c a l  fa l lou t '  because we used 
high air  bursts and r e l a t i v e l y  l o w  yields .  However, there is no guarantee 
that any countries would confine themselves t o  air  h r s t i n g  t h e i r  weapons 
i n  the fu ture  because t o  do this would require a grea ter  expenditure of 
weapons t o  knock out the  desired t a rge t s .  
wanted t o  b o c k  out hardened missi le  sites i n  the future, they would most 
l i k e l y  want t o  use surface bursts t o  give the g rea t e s t  blast damage t o  the 
area. Now without doubt, our c i t i e s  and f ac to r i e s  are more suscept ible  t o  
blast and heat  damage than they a re  t o  f a l l o u t .  By this I mean t h a t  more 
casua l t ies  would be produced i n  m a l l  out nuclear w a r  through the use of 
these propert ies  of nuclear weapons. 
are more loca l ized  than t h e ' f a l l o u t  e f f e c t .  Proper protect ive s teps  a re  
possible  against  l o c a l  f a l l o u t  which would reduce the casua l t ies  by a 
l a rge  fac tor .  A great deal of information has been made avai lable  on 
protect ion frcxn f a l l o u t .  

For instance, i f  the R u s s i a n s  

On the  other  hand, blast and heat 

The OCDM has published a document on the construction of family 
she l t e r s  and there  has been a remarkably good study done f o r  the state of 
Hew York by the Keith S. McHugh Committee on surv iva l  i n  a nuclear a t tack .  
It i s  an easy matter t o  show t h a t  these protect ive measures w i l l  go a long 
way i n  reducing the number of casua l t ies  t h a t  we might expect from an a l l  
out a t tack.  It appears t h a t  s h e l t e r  r a the r  than evacuation i s  the proper 
so lu t ion  e 

The problem of l o c a l  f a l l o u t  could be of importance i n  loca l ized  
atamic a t tacks  such as i n  a brush f i r e  war where atomic weapons of low 
y ie ld  might be used. Here the commander who might use these weapons, o r  
face them,  must be able t o  ca lcu la te  the l eve l s  of l o c a l  f a l l o u t  t o  expect 
i f  he i s  t o  make the best use of h i s  t e r r a i n  o r  i f  he is t o  provide ade- 
quate protect ion t o  his troops. 

Local f a l l o u t  with i t s  high l eve l s  of gamma rad ia t ion  caa produce in- 
capaci ta t ing i n j u r i e s  and f a t a l i t i e s  within a f e w  days. It does th i s  by 
giving an acute whole body dose of ionizing rad ia t ion  which causes changes 
throughout the body. 
doses in a loca l ized  area without producing immediate deleter ious e f f ec t s .  
Even a whole body dose of 100 roentgens i s  e a s i l y  to le ra ted .  
whole body dose of 1000 roentgens given i n  a shor t  time would probably 
kill any human exposed t o  it. Whether o r  not an individual  would receive 
a l e t h a l  dose i n  any pa r t i cu la r  s i t u a t i o n  depends upon many fac tors ,  such 
as h i s  dis tance f r m  the burst, the, period of time he is  exposed, and the 
use he makes of various shielding mater ia ls .  
been done by the mi l i t a ry  services  t u  formulate the doctr ines  of use of 
weapons and methods of protect ion of individuals so t h a t  casua l t ies  will 
be minimized. 

Now the body can t o l e r a t e  r e l a t i v e l y  l a rge  acute 

However, a 

A grea t  dea l  of work has 
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( A t  t h i s  point I would l i k e  t o  make a f e w  remarks 
off the record.) 

--. 
-c - 

V. WORLD-WIDE FALLOUT 

I would l i k e  now t o  turn our a t tent ion toward world-wide fa l lou t .  
This i s  an area that has probably generated as much emotional concern 
i n  some c i rc les  as any other single ac t iv i ty  of the government i n  re- 
cent years. A par t  of t h i s  concern is  based upon fear of the unia?am. 
The science f i c t ion  treatment of the spread of f a l lou t  which WELS used 
in the recent theater production of "On the Beach" points up this fac t .  
Actually we know the picture presented i n  t h i s  motion picture i s  quite 
wrong. 
than we do about many other sub-topics of the general fa l lou t  problem. 

I n  f a c t  we know more about the world-wide spread of fa l lou t  

The areas which s t i l l  contain the greatest  uncertainties are those 
areas dealing with the ultimate biological e f fec ts  t h i s  f a l lou t  w i l l  
have i n  future years. 

A p a t  deal of documentation has been produced both here and 
abroad which can be used t o  determine the course taken by bomb debris 
as it spreads about the world. Measurements have been made by marly 
agencies using many sampling techniques. These have included cloud 
samples taken by a i r c ra f t ,  rainwater and a i r  samples taken near the 
surface of the earth,  s o i l  samples, food samples, and biological 
specimens including whole body counting of l ive people. 
an important piece of information, 
the greatest uncertainties i n  determining world-wide f a l lou t  were: 
The amount of material put i n to  the stratosphere, how this material 
waslmixed i n  the stratosphere, and how it f e l l  out of the stratosphere. 
There have been a number of programs which have undertaken t o  determine 
the amounts i n  the stratosphere. 
which i s  now being run by D r .  Machta. 
ducting a high a l t i t ude  sampling program using a i r c r a f t .  Various other 
countries such as the Scandinavians and the Br i t i sh  have done similar 
work. These programs have been complementary i n  tha t  each ha. COE- 
t r ibuted t o  o u  knowledge. 
ra ther  accurate picture of the manner i n  which the stratosphere deposits 
i t s  radioact ivi ty  i n  the lower atmosphere. 

Each provides 
Several years ago it was f e l t  tha t  

The AEC has had a balloon pmgran 
My organization has been con- 

Over the past  f e w  years, we have evolved a 

I would n6u l ike  t o  describe b r i e f ly  the DASA version of t-nis pic- 
tune. It was developed from our High Altitude Sampling Program and i s  
i n  good agreement w i t h  the notions ghat other workers i n  thif  f i e l d  
have. When a radioactive cloud i s  introduced i n t o  the t ropical  s t ra to-  
sphere, it i s  rapidly elongated i n  the east-west direction due t o  
shearing action of the east-west winds. A t  the seme time it diffuses 
northward and southward about one degree of l a t i t ude  per day. 
there does seem t o  be a tendency for the cloud t o  move preferer t ia l ly  
toward the hemisphere i n  wBch it has been exploded. 
our Pacific tests, it appears t ha t  two-thirds of the materials were 

However, 

I n  the case of 
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eventually deposited i n  the Northern Hemisphere, and the rest i n  the 
Southern Hemisphere. 
very s table  s t r a t i f i c a t i o n  i n  t h i s  region. 
higher la t i tudes ,  it encounters mom turbulence especially near the 
tropopause break with i t s  associated jet  streams. !L’hcpater majority 
of this material sifts in to  the troposphere i n  the mid-Iatitude regions 
where  it i s  rapidly carried t o  the ground i n  rainfall. It takes about 
ten months f o r  half of the materfal t o  depart frau the stratosphere i f  
it i s  i n i t i a l l y  deposited i n  the lower portion of the tropical. s t ra to-  
sphere. 
100,000 feet or eo, it may take Considerably longer t o  fall out of the 
stratosphere. 

Vertical  motion of the debris i s  impeded by the 
A; t h i s  material moves t o  

For same very high yield weapons, where the clouds go up t o  

I n  the case of weapons fired a t  higher la t i tudes ,  uhich i s  charac- 
t e r i s t i c  of USSR nuclear tes t ing,  we find tha t  more of the cloud I s  in- 
jected in to  the stratosphere, because the tropopause is  lower, and that 
t h i s  material comes back out of the stratosphere faster. 
ments indicate that half  of the material injected in to  the stratosphere 
by the USSR i n  1958 f e l l  out i n  about f ive  months. 

Recent measure- 

There seems t o  be a def in i te  seasonal e f f ec t  on the rate of d r ip  out 
fman the stratosphere. 
a t  ground level ,  apparently are associated with the increased mixing i n  
the more turbulent, winter time, a r c t i c  atmosphere. 

The spring seasonal increases in ac t iv i ty ,  noted 

r , J d t / 3 ~ ~  * 
A ra ther  important feature of world-wide f a l l  s t ha t  there seems 

t o  be a close c o r n l a t i o n  a t  any one l a t i t ude  of r a i n f a l l  
and amounts of fa l lou t .  Apparently the major radioactive 

d par t ic les  is incorporated in to  raindrops and frcun the lower 
atmosphere i n  r a in fa l l .  Residence time i n  the is about one 
month. 
la t i tude  t o  la t i tude ,  however. For instance, the a c t i v i t i e s  found i n  
tropic rains are  ra ther  low since most of the ac t iv i ty  w i l l  have rained 
out before the a i r  carrying the par t ic les  reaches the tropics.  This 
statement of course does not hold i n  the v i c in i ty  of a test short ly  a f t e r  
it i s  held. 

Specific a c t i v i t i e s  i n  rainfall will vary considerably frm 

Figu~e 1 s h m  the uneven manner i n  which strontium-90 has been 
dis t r ibuted i n  the Northern and Southern Hemispheres. 
holds f o r  most of the other important f i s s ion  products. 
peaks in the mid-latitudes, the northern one being more pronounced. 
lower value i n  the equatorial  regions shows that l i t t l e  of the material 
or iginal ly  placed in to  the t rop ica l  stratosphere falls back acros8 the 
t ropica l  tropopause. 

out. 
expect t o  f ind on the ground i f  there i s  no more tes t ing.  
expected t o  occur &me time next year. 
the material i s  dam today. 
of all the strontium-90 tha t  has been Illanufactured during tes t ing.  The 
other one-third has apparently I a l l en  out loca l ly  i n  the testing areas. 
Unfortunately, we have been unable t o  make d i r ec t  measurements of t h i s  
portion of our production, but t h i s  conclusion cer ta in ly  seems warranted 
from a l l  the evidence we have a t  hand. 

A similar pattern 

The 
There are obvious 

e lower curve on t h i s  chart  s h m  our estimate of 

i s  
The upper curve shows the maximum amount of strontium-90 we may ever 

This n\8Jtimum 

This chart  accounts f o r  only about two-thirds 

the t o t a l  amount of S P t h a t  has reached the ground i n  world-wide fall-  

It is  apparent that about of 
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VI. UPTAKE PRO# LWW ATMOSPKERE 

The question now a r i s e s ,  ' W h a t  happens to  t h i s  material when i t  reaches 
the ground?" A t  th.is point  our reasonably c l ea r  cu t  notion6 begin t o  become 
somewhat blurred. Since the various f i s s i o n  products which reach the ground 
hart d i f f e ren t  half- l ives  and chemical propert ies ,  their e f f e c t  upon man w i l l  
vary grea t ly .  
o r  local ized i r r ad ia t ion  such as t o  the bone, t o  the  thyroid,  o r  t o  the skin. 
E i t h e r  of these types of dosages may be received from radioact ive isotopes 
residing outs ide the  body or taken i n t o  the body. 

.- 

Dosages t o  the body can consis t  o f  e i the r  whole body i r r ad ia t ion  

We a r e  forced t o  decide which isotopes a r e  of g rea t e s t  po ten t ia l  hazard 
and then study each i n  de t a i l .  Strontium-90 and Cesium-137 are  the most 
obvious elements t o  consider i n  the case of dosage received from in t e rna l  
sources. They are produced i n  r e l a t ive ly  l a rge  abundance, have chemical 
proper t ies  which promote their re tent ion in the  body, and have half- l ives  
on the order of 28 years. This l a t t e r  charac te r i s t ic  is  important s ince a 
very short ha l f - l i f e  would mean tha t  most of  the mater ia l  would decay away 
before i t  had a chance t o  enter  the body. 
this material. On t h e  other hand, if the ha l f - l i f e  were long the victim would 
d i e  of other  causes before he received much of  a dose. 

Obviously w e  receive ne dose from 
I 

Strontium-90 behaves chemically much l i k e  calcium and consequently if 
taken i n t o  the body w i l l  be deposited i n  the bone s t ruc tu re  of an individual. 
Therefore, Strontium-90 is  probably the  most important s ing le  isotope t o  
consider from a health standpoint s ince  i t s  rad ia t ions  may contribute t o  the 
development of bone cancer o r  leukemia. 
contribute t o  the genetic nutation r a t e  i n  man. Other  possibly important 
mater ia ls  produced a r e  unfissioned plutonium and iodine-131. 

Cesium-137 and carbon-14 m y  possibly 

The avenues along which these products can g e t  i n t o  the human body are 
varied. They can f a l l  d i r ec t ly  upon vegetables whose leaves can be eaten, 
o r  they can be gradually incorporated in to  p lan ts  from the soil through t h e i r  
roots. If these p lan ts  are  eaten by animals, such as sheep and c a t t l e ,  we 
w i l l  f i n d  these products i n  our meat and dairy produce. 

I n  t h i s  country, m i l k  is  the grea tes t  source of calcium in our d i e t  and 
consequently is the major source of Strontium-90. However, t he  cow a c t s  as 
a na tura l  f i l t r a t i o n  plant  i n  that the strontium t o  calcium r a t i o  i n  i t s  
m i l k  is  only about 15% of the strontium to  calcium r a t i o  i n  i t s  fodder. 
There is f u r t h e r  discrimination i n  t h e  human body i n  tha t  the  leve l  deposited 
i n  bone w i l l  be less than that  of the  d i e t  by a f ac to r  which appears to  
range from two t o  four.  
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It appears that the  maximum equilibfium bone l e v e l s  which will be 
reached in the United S ta te8  population fran material produced by tests 
t o  date will average b e m e n  5 and 6 micraPicrocuFies of etmntium-90 
per gram of calcium. Among Esetern -_I - people, where r i c e  is a greater 
Bource of calcium, the levels may r l s e  as high as 10 o r  1 2 ~ c r o -  
cu r i e s  of strontium-90 per gram of calcium. The significance-of these 
numbers will be diecussed shortly. 
t o  continue t e s t i n g  at pas t  rates f o r  an i nde f in i t e  period of time, the 
l e v e l s  of strontium-90 in bone muld not increase inde f in i t e ly .  
they would l e v e l  off at  about 8 times t h e i r  present  leve l ,  s ince the 
mount being m a d e  would then equal the anount decaying away. 

I might point  out  that if ye vere 

Rather, 

Much pub l i c i ty  hus been given t o  8ome of the high levels of strontium-90 
in c e r t a i n  foods in t he  northern part of the U. S. 
general ly  of rather trenrsient nature, aad It is felt t h a t  these hot spots 
i n  l o c a l i t y  and time 8.m not importent except t o  the exten t  that they add 
t o  the o v e r d l  na t iona l  average. 

These levels have been 



/- 

VII. EFPECTS OP PALLOVT ON MAN 

Although there have been many advances i n  measurerent of the contribution 
of f a l l o u t  to  the radiat ion hazard to  m, there still-=main a number of 
problems i n  determining the ul t imate  e f f e c t s  of such foreign material  on 
humans. Broadly speaking these e f f e c t s  f a l l  i n t o  two categories ,  namely, 
genetic and somatic. 
our of f sming  through disrupted genes in our reproductive cel ls .  Somatic 
effects  are those e f f e c t s  we may f e e l  i n  our own body such a8 diseases  or 
accelerated ageing,. 

When approaching t h i s  problem we are forced t o  consider past  experience 
i n  a number of other fields. The direct determination of the  ul t imate  human 
ef fec ts  of long term, low l eve l  f a l l o u t  would require  many years,  s ince a 
number of-generat ions would need t o  be followed. Since w e  cannot mark time 
f o r  several  human generations, we must use other methods. One approach is 
t o  u t i l i z e  laboratory animals which w i l l  produce many generations i n  a much 
shor te r  period. However, t h i s  approach presents  the  problem of in te rpre t ing  
the data i n  the l i g h t  of species  difference between man and other  animals. 

Genetic e f f e c t s  a r e  those e f f e c t s  we may hand down t o  

Another approach i s  t o  relate f a l l o u t  exposures t o  other  s imilar  human 
radiat ion exposure, which occurred long enough ago t o  allow some analys is  of 
the u l t imate  resu l t s .  One such type of exposure which has been occurring 
s ince the  evolution of man is  that of the na tura l  background radiation. 
This is  s imilar  to  that  f a l l o u t  radiat ion which gives whole body radiat ions,  
whether from external  o r  i n t e rna l  sources. 

The na tura l  background radiat ion has always exis ted and actual ly  was 
grea te r  i n  the past  than i t  is  today. 
was a major contributor t o  the evolution of the species we f ind  on t h i s  
earth.  
and that of ex t r a - t e r r e s t r i a l  or igin.  The l a t t e r ,  known as cosmic radiat ion,  
varies wi th  l a t i t u d e  and a l t i t u d e  being grea te r  at higher l a t i t u d e s  and 
a l t i tudes .  
natural ly  radioactive elements found i n  rocks and minerals. 

In f a c t  i t  may be tha t  t h i s  radi8t ion 

This background consis ts  of two parts, that  of t e r r e s t r i a l  o r ig in  

The background radiat ion of t e r r e s t r i a l  or igin comes from those 

A t  the  present time the chief known sources of na tura l  background 
radiat ion on e a r t h  consist  of :  

a. The uranium and thorium ores ,  including pitchblends, ca rna l i t e ,  
and monazite sands. Uranium is  a l so  spread widely through rocks and oceans. 

b. Potassium-40, a radioactive r e l a t i v e  of the s t a b l e  potassium. 
Both a re  normally found i n  a l l  animal c e l l s  and wherever salts  a re  found. 

C. Cosmic radiation. 

d. Carbon-14, occurring i n  a l l  organic material a s  a r e su l t  of  
cosmic ray bombardment of atmospheric nitrogen. 
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In  general, t h e  na tura l  backgrow!:: rad ia t ion  var ies  roughly between 100 
and 150 mill iroentgens per year t o  the wor1sI's population. 

The var ia t ions  r e su l t  mainly from the following f e o r s :  
- 

a. Cosmic ray doses a r e  higher wi th  increasing a l t i tude .  

b. The component from uranium i s  lower over the ocean than over 
the  land. 

C. W o o d  used i n  construction produces less dose than some br icks 
used i n  construction. 

Whether o r  not the present background radiat ion is injur ious has not 
been established. I t  provides, however, a p a r t i a l  basis f o r  camparison of 
long term genetic e f f e c t s  from f a l l o u t .  
s t a r t i n g  w i t h  1952, the  t o t a l  dose t o  h m a n  reproductive t i s s u e  from both 
in t e rna l  and external  sources i n  falloutswhich has reached the ground o r  w i l l  
reach the grounc'e-villbe no nonthm0.05 roentgen. 
calculated f o r  the north temperate regions where the f a l l o u t  is greatest .  
The na tura l  background, on the other  hand, w i l l  give a dose of a t  least  3 
roentgens during the same period. 
w i l l  increase t h e  genet ical ly  important background by only 2%. 

h r i n g  the  t h i r t y  year period 

This f i g u r e  has been 

In other words, nuclear weapons t e s t ing  

With regard t o  local ized doses from materials taken i n t o  the body, i t  
appears t ha t  strontium-90 is the  most important isotope to  consider. Here 
we run i n t o  d i f f i c u l t y  i n  t rying to  make a s t r a igh t  comparison between 
strontium-90 dose t o  bone and bone marrow and 'he background radiat ion dose. 
I t  is  a r e l a t ive ly  easy matter t o  measure the :oncentration of strontium-90 
i n  our food and i n  our bones, Hawever, 
information I would l i k e  t o  bring i n  several  other ideas. 

before t rying t o  r e l a t e  t h i s  

- -  
I have used the term roentgen rather  loosely i n  describing doses. The 

roentgen was, u n t i l  qu i te  recent ly ,  t he  term used i n  measuring radiat ion 
dosage. 
Obviously modification of t h i s  un i t  is needed t o  r e l a t e  i t  t o  the 
e f f ec t  o f  radiat ions on mater ia ls  other  than air. The terms rep (roentgen- 
equivalent-physical), rad, and REM (roentgen-equivalent-man o r  mannal) have 
been used as un i t s  of absorbed dose. There is no general agreement i n  the 
s c i e n t i f i c  community as t o  which of these u n i t s  should be used i n  describing 
dose e f f e c t s  re la t ionships .  

I t  is  a un i t  of measurement of the e f f ec t  of r8di8tion in air .  

In  attempting to  def ine what ionizing radiat ion dose-effect re la t ionships  
provide e i t h e r  no r i s k  o r  an acceptable r i s k  t o  humans, the Internat ional  

Radiation Protection and Measurement (NCRP)), consis t ing of experts i n  the  
f i e l d ,  have made recommendations a s  to  what l e v e l s  of exposure they believe 
a re  8cceptable. These have been termed the maximum permissible concentration 
(MPC) of radioact ive material i n  air and water and the maximum permissible 

on Radiation Protection (ICRP) and the National Committee on 
' .  
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dose (MPD) of rad ia t ion  received from a l l  sources except medical x-rays and 
background. 
determining the l eve l  of  acceptable r i s k  t o  those exposedLo radiat ion a s  
a r e s u l t  of their  occupation. Since these groups a r e  the most knowledgeable 
they have been asked f o r  t h e i r  recommendations of an acceptable non-occupation; 
exposure. With many reservations,  the occupational c r i t e r i a  were reduced for 
appl icat ion to  persons outside of  controlled areas ,  t o  one-tenth tha t  f o r  
rad ia t ion  workers. Thus, the maximum permissible dose to  whole populations 
from control lable  radioactive material  should be kept a s  low as  reasonably 
possible  and not t o  exceed 0.5 radiat ion u n i t s  per year ( in  t h i s  case NCRPM 
used REM a s  the  un i t  of discussion). This value is considered desirable ,  
s ince a l l  age groups could be exposed, including children; and consideration 
must be given t o  the r e l a t ive  sens i t i v i ty  of  developing organisms i n  se t t i ng  
the maximum level .  

These a re  value judgments, made or ig ina l ly  f o r  the purpose of 

Caution must be used i n  consideration of t h e  values s t a t ed  above w i t h  
respect t o  individual exposures, s ince they were establ ished with the  whole 
population i n  mind. 

h i s t o r i e s  on individuals i n  such a group, and t o  reduce unforeseen somatic 
o r  genetic damages. 
dose of 25 un i t s  of radiat ion (again REMS) occurring only once i n  the l i fe t ime 
of a radiat ion worker, need not be included i n  the  determination of t h e  
rad ia t ion  exposure s t a t u s  of t ha t  person. T h s ,  i t  i s  suggested t h a t  an 
individual can t o l e r a t e  more i r r ad ia t ion  than a population. 

The population l eve l  is  r e s t r i c t e d  because of the 
- ’  variance i n  age of the group, the i n a b i l i t y  t o  keep rad ia t ion  exposure 

The committees have s t a t ed  tha t  an accident o r  emergency -li 
While these 

values represent the inclusion of many refinements previously neglected, 
there  remain many uncertaint ies  i n  the basic  biologic da ta ,  and exposures 
should be kept t o  a minimum. Further, use of these values requires  
extrapolat ion i n  time or i n  dosage l eve l s ,  and they cannot be considered 
f i n a l  . 

Table 1 summarizes the genetic dose and strontium-90 dose we have 
received from t e s t s  t o  date. Comparison is made between the leve ls  we 
receive from natural  radiat ion background, the amount w e  might receive 
from world-wide f a l lou t  i n  a nuclear war and t he  amount which t h e  ICRP 
recommends as a m a x i m u m  dose. As you can see,  the  contribution from 
f a l l o u t  t o  date  i s  qu i t e  low. 
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To conclude I would l i k e  t o  summarize a f e w  of the  major points w e  
CL 

have made. - 
We know a great  deal  about the mechanisms of formation of the radio- 

nuclides we f ind  i n  f a l l o u t  and we know a great  dea l  about how t h i s  
mater ia l  is spread around. While there  a re  gaps i n  our knowledge on these 
points  we f e e l  t ha t  we can make reasonably accurate predictions i n  t h i s  
area. Surprisingly enough t h e  loca l  fa l lout  p ic ture  is more obscure than 
the world-wide f a l l o u t  picture.  Continuing work is  being done t o  throw 
more l i g h t  on both. 
f a l l o u t  would be a great  danger t o  our populace. In the case of  an a l l  
out nuclear exchange, our people would not be wiped out ;  however, we could 
expect very la rge  numbers of casu l t i e s  i n  the countr ies  under attack. 
These could be materially reduced i f  proper she l t e r  i s  u t i l i zed ,  

We know t ha t  in the  event of nuclear war, l oca l  

With regard t o  e f f e c t s  of radiat ion on man, we know more about what 
cons t i tu tes  a casualty producing l e t h a l  dose than w e  do about the  chronic 
effects  of low l eve l  radiation. There has been pplch surmise based on few 
f ac t s ,  and it  is d i f f i c u l t  t o  s a y  w h a t  va l id  conclusions can be drawn from 
the scanty evidence P V a i h b l t ~ .  

The ICRP and NCRW have recommended maximum permissible l eve l s  of 
radiat ion f o r  the whole population, which leve ls  a re  closely re la ted  t o  
the natural  background dose w e  cannot avoid, I t  appears t ha t  the nuclear 
t e s t i n g  to da te  has not ra ised the average dosage levels by more than about 
10% of this background and t h i s  w i l l  diminish i n  time t o  less than 1%. 
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G L O S S A R Y  

background:--A tern used t o  describe the na tura l  rad ia t ion  o f L h e  ea r th  and i t s  
atmosphere. It consis ts  of cosmic rad ia t ion  and r a d i o a c t l d t y  i n  the ear th ,  
air, and water. 

be ta  particle:--A high-speed e lec t ron  emitted by nuclei  which a re  neutron-rich. 
As electron6 a re  very l i gh t ,  even with only a few hundred k i lovol t s  of 
energy they move a t  speeds near t h a t  of l ight ,  3 X lolo cm/sec. They there- 
fore  ionize s l i g h t l y  i n  comparison t o  protons o r  alpha p a r t i c l e s  of the same 
energy. 

carbon-lh:--A radioactive isotope of carbon formed i n  the atmosphere by neutror- 
Carbon-14 emits a beta  p a r t i c l e  of maximum energy bombardment of nitrogen. 

0.16 Mev and has a h a l f - l i f e  of 5,600 years. 

cesium-l37:--A radioactive isotope of cesium, the element of a t m i c  number 55. 

Cesium-137 has a h a l f - l i f e  of 30 years. 
It emits a .66 MeV gamma ray and a be ta  p a r t i c l e ,  t hus  decaying t o  barim-137, 
which a l s o  emits a .66 MeV gamma. 

clean bomb :--A pred~i,linanL;.y fuslon weapon. 

cosmic rays:--High-energy p a r t i c l e s  which bombard the ea r th  from outer  space. 
The p a r t i c l e s  h i t t i n g  the top of the atmosphere a re  mostly protons, but  i n  
the co l l i s ions  w i t h  a i r  nuclei ,  o ther  forms of rad ia t ion  a re  produced, with 
a wide range of energies and penetrat ing power. 

dose:--The dose o r  exposure i s  the energy transmitted t o  the i r r ad ia t ed  mater ia l .  - 
See rad, rem, rep, roentgen. 

fission:--The nuclear process i n  which a nucleus s p l i t s  i n  two and re leases  
energy. It is  a process cha rac t e r i s t i c  of the heavy elements, urmium, 
plutonium, thorium, e t c .  This process provides the energy f o r  the atornic 
bomb and nuclear reactors .  

fusion:--The nuclear process i n  which two l i g h t  nuclei  j o in  together t o  f o m  
a heavier one. It occurs most readi ly  with hydrogen and i t s  isotopes.  
This process provides the energy f o r  the hydrogen bmb. 

gamma ray:--A penetrat ing rad ia t ion  emitted by a radioact ive nucleus. It i s  
of the same general  nature as X-rays and ordinary l i g h t ,  though more energet ic .  
I ts  energy i s  usual ly  a few MeV. 
s iderable  thicknesses of matter.  

Gamma ra"c qf this  energy can penetrate con- 

half-l ife:--The physical h a l f - l i f e  of a raiiioactive nucleus i s  the t m e  during 
which it has a 50:50 chance of d i s in tegra t ing .  Given a co l lec t ion  of m c l e i  
of the same species ,  the h a l f - l i f e  i s  the time during which half  of tnen vi11 
undergo d is in tegra t ion  and change in to  the daughter product. - 

iodine-l31:--A radioactive isotope of iodine the element of aton5c n-aber 51. It 
emits several  gammas (.l, .3, .4, and .6 Mev) and has a h a l f - l i f e  of 8 dEys. 

16 



induced activity:--Activity caused in an element by impinging radioactive mrticlet 
(neutrons) . 

ionizing radiation:--Radiation which causes normally stable elements to ionize, 

isotope:--Isotopes are nuclei having the same number of protons i.e., the 8ame 
--.c 

atomic number, but differing in the number of neutrons, i.e., having different 
atcxnic weights. 
quite disaimilar nuclear properties. 

Isotopes of an element are chemically identical but possess 

kiloton:--A measure of nuclear weapon energy. 
same amount of energy as would 1,000 tons of TNT. 

A one-kiloton weapon releases the 

local fallout:--That fallout which is on the surface within several miles to 
several hundred miles of burst point. 

6 mega:--A prefix meaning million (10 ); thus a megacurie is a million curiea. 

micrmicro: --A prefix meaning a millionth of a millionth (10-l2). 

mutation:--A transfoxmation of the gene which alters its heritable character. 
Mutations may be induced by radiation. 

neutron:--Along with the proton a basic building block of the nucleus. The 
neutron has about the same mass as tae protoc but is uncharged. Free 
neutrons decay to protons plus beta particles with a half-life of I2 
minutes. 

nuclides:--Stable atoms or ones that have reasonable half-lives. 

plutonium:--One of the very heavy elements, atamic number 94. 
is used as a fissionable material in cuclear weapons. 

Plutonium 239 

rad:--A unit of radiatioc exposure, or absorbed dose. It is a meaiure of the - 
energy imparted to a piece of irradiated material and is defined as 100 
ergs per gram. 
on Radiological Units. 

It is the unit recammellded by the International Cammission 

r e m  (roentgen equident man) v --The most common unit of radiation exposure, or 
dose. 
sorbed by man, an effect equivalent to the absorption of one roentgen of 
X-rays or gamma radiation. 
dose i n  rads by the appropriate REFc 

It is that quantity of ionizing radiation which produces, when ab- 

The dose in rem is obtaiaed by multiplying the 

rep (roentgen equivalent physical) : --A measure of absorbed radiation. The 
amount of ionizing raaiation which w i l l  result in the absorption of 83 ergs 
in one gram of tissue. (Some authorities use 93 ergs). 

roentgen:--The standard measure of X-ray exposure, usually abbreviated r. It 
is that exposure which in 0.W293 @p?. of air xill produce ions cangring a 
total of one electrostatic mit-of charge, Toe., about lo9 electrons and a 
like number of positive fons. n i s  energy absorption amounts to about 88 
ergs per gram. 
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somatic:--Pertaining to all tissues other than the reproductive cel ls .  Somatic 
- 7 e c t s  are limited to the irradiated organizm itself and do not carry over 

to succeedin4 Renerationa. 

strontium:--The element of atomic number 38. Strontium-90, one of ita radio-  
active isotopes, emits a 0.61 MeV beta particle and has a half-life of 28 
years * 

tropopause:--The imagirrst;ry boundary between the stratosphere ana the troposphere 
In middle latitudes its height is about 25,OOO tc 35,000 feet; in the tropic 
it is 50,000 to 60,000 feet above the earth's surface. 
samewhat on the season. 

The height depend8 
-I  

-\ - 
troposphere:--The l m r  part of the earth's atmosphere, containing our weather-- 

coulds, rain, mist, etc. 

world-wide fallout:--That debris which remxi-ns air borne long enough to be de- 
posited around the world (at latitudes "Ln the vicinity of the burst.) 
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