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Part I 

INTRODUCTION 

Whenever atomic energy is re leased,  there  are released with i t  
It has  been known for many 

It is a lso known that the changes 

cer ta in  invisible but powerful radiations. 
years  that when these radiations strike living things they cause impor- 
tant changes that a r e  often harmful. 
may not be limited to  the plant o r  animal which receives the radiation, 
but may be passed on to  succeeding generations. However, the details 
of the action, how much radiation will produce a given result ,  how much 
can be done to  counteract the deleterious effects, these a r e  largely un- 
solved problems. 

There has always been some radiation in the environment. 
and other radioactive elements in the ground together with cosmic rays 
f r o m  outer space produce a natural “backgroundt’ over all par ts  of the 
earth.  However, as atomic activity is stepped up throughout the world, 
the amount of radiation in our surroundings may be substantially in- 
creased.  But 
there  has been disturbingly l i t t le information about just what the effects 
may be. 

Radium 

This could have profound effects on all forms  of life. 

In 1955 Detlev W. Bronk, president of the National Academy of 
Sciences, appointed a group of scientists to investigate the effects of 
high-energy radiation on living things. 
Rockefeller Foundation. 

Funds were provided by the 

The study is divided into s ix  parts ,  each assigned to a separate 
committee. The a r e a s  under consideration a r e  (1)  genetics, (2 )  pathol- 
ogy, ( 3 )  agriculture and food supplies, (4) meteorology, (5)  oceanography 
and f isher ies  and ( 6 )  disposal of radioactive wastes. A list of the mem- 
bership of each committee appears  a t  the end of this report .  

The scientists have now sifted the present  knowledge in the field, 
and have marked out the areas in which fur ther  research  i s  most needed. 
Their  study will be a continuing one since many of the problems involve 
basic  scientific questions which will take many years  to answer. Also, 
new questions may be expected to a r i s e  as the uses of atomic energy ex- 
pand. 

The present repor t  summarizes  the findings to  date.  It is intended 
fo r  the lay reader  and extracts  f rom the more  detailed reports being 
published at the same t ime those aspects which a r e  of most general  in- 
rarest .  
thus far about the potential effects of atomic radiation on himself and 

The purpose is (1)  to  te l l  the citizen what science has learned 



his progeny, and on the r ace  as a whole; ( 2 )  to give him such informa- 
tion as scientists can now provide to help him participate more  intel- 
ligently in making necessary public decisions about atomic energy. 

It should be emphasized that he will find here  only scientific data. 
Most of the decisions he will be faced with involve ethical, political, 
economic o r  mili tary questions as well. These can be more  usefully 
debated, however, against an adequate technical background. 

Behind any discussion of radiation must necessarily loom the 
specter of full-scale atomic war. 
can cause severe radiation damage hundreds of miles beyond i t s  a r e a  of 
immediate devastation is all too well known. That enough such weapons 
exploded in an all-out war might render the entire ear th ,  o r  large par t s  
of it, uninhabitable, is at  least  conceivable. 

That a single thermonuclear weapon 

The actual results would depend on the number, the types and the 
location of the explosions that actually took place. 
paratively little attempt in the study thus far to estimate the possible 
courses  of atomic warfare  o r  to a s s e s s  the biological consequences. 
The present emphasis has  been on peaceful development. 

There has  been com- 

It may be pointed out, however, that so far as radiation is concerned 
the two aspects are  not entirely unrelated. 
world-wide atomic power industry becomes fully developed, its accumu- 
lated waste products might represent  more radiation than would be r e -  
leased in an atomic war.  Of course,  this radiation will be imprisoned, 
not broadcast, But the point underscores the magnitude of the coming 
problem. 

In the first place, when a 

Secondly, i t  becomes clear  in this report  that even very low levels 
of radiation can have ser ious biological effects. 
the s ize  of the effect tu rns  out to depend directly on the amounts of 
radiation. 

' *& clearly implied in this investigation of peacetime problems. 

In several  instances 

Thus, many of the$isastrous consequences of atomic war a r e  

. > . a  i 

Part I1 

BRIEF DIGEST OF FINDINGS AND RECOMMENDATIONS 

It is generally agreed that,  in the peacetime development of 
atomic energy, man has  been lucky. 
ous new force whose potential effects he has  only dimly understood. 
Thus f a r ,  except fo r  some t ragic  accidents affecting small numbers of 
people, the biological damage f rom peacetime activities (including the 
testing of atomic weapons) has  been essentially negligible. 

He has been dealing with an enorm- 

Fur ther -  



more ,  i t  appears  that radiation problems, if they a r e  met  intelligently 
and vigilantly, need not stand in the way of the large-scale development 
of atomic energy. The continuing need for intelligence and vigilance 
cannot be too strongly emphasized, however. 

The problems of radiation fall naturally into two main c lasses :  
(1)  the effects on human beings; (2 )  the various ways in which radiation 
can reach human beings through the environment. 

Effects on Humans 

The inheritance mechanism is by-far the most sensitive to  radia- 
tion of any biological system. 

Any radiation which reaches the reproductive cells causes muta- 
tions (changes in the mater ia l  governing heredity) that a r e  passed on to 
succeeding generations. 

Human gene mutations which produce observable effects a r e  be- 
lieved to be universally harmful. 

Everyone is subjected to the natural background radiation which 
causes  an unavoidable quantity of so-called spo.ntaneous mutations. 
Anything that adds radiation to  this naturally occurring background ra te  
causes further mutations, and is genetically harmful. 

There is no minimum amount of radiation which must be exceeded 
before mutations occur.  Any amount, however small, that reaches the 
reproductive cells can cause a correspondingly small number of muta- 
tions. The m o r e  radiation, the more  mutations. 

The h a r m  is cumulative. The genetic damage done by radiation 
builds up as  the radiation is received, and depends on the total accumu- 
lated gonad dose received by people f rom their own conception to the con- 
ception of their  last child. 

So far as individuals a r e  concerned, not all mutant genes o r  com- 
binations of mutant genes a r e  equally harmful. A few may cause very 
serious handicaps, many others  may produce much smaller  harm,  or  
even no apparent damage. 

But f r o m  the point of view of the total and eventual damage to the 
entire population, every mutation causes roughly the same amount of 
harm.  This is because mutant genes can only disappear when the in- 
heritance line in  which they a r e  car r ied  dies out. In cases  of severe  
and obvious damage this may happen in the first generation; in other 
cases  it may require  hundreds of generations. 
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Thus, for  the general  population, and in the long run, a little 
radiation to a lot of people is as harmful as a lot of radiation to a few, 
since thetotal  number of mutant genes can be the same in the two cases .  

It is difficult to a r r ive  at a figure showing how much genetic h a r m  
radiation can do. One measure  is the amount of radiation, above the 
natural background, which would produce as many mutations again as 
occur spontaneously. It is estimated that this amount is 30 to 80 roentgens. 

(The roentgen is a unit of radiation. To give an idea of i ts  value, 
the average dental X-ray del ivers  five roentgens to  the.patient's jaw, 
but only five thousandths of a roentgen of s t r ay  radiation to more remote 
par ts  of the body such as the gonads. ) 

It is also estimated that a dose of 10 roentgens to every person in 
the United States would cause something on the order  of five million 
mutant genes which would then be a par t  of the population's inheritance 
pool. This figure is subject to  considerable uncertainty. 

At present the U. S. population is exposed to radiation from 
(a)  the natural background, (b) medical and dental Xrays, ( c )  fall-out 
.from atomic weapons testing. 
by the average person f r o m  each of these sources  is estimated as follows: 

The 30-year dose to the gonads received 

(a )  background - about 4 . 3  roentgens 
(b)  Xrays and fluoroscopy - about 3 roentgens 
( c )  weapons tes t s  - i f  continued at the rate of the past five years  

would give a probable 30-year dose of about 0.1 roentgens. 
This figure may be off by a factor of five, i. e . ,  the possible 
range is f r o m  0. 02 to 0 .5  roentgens. 
at the rate  of the two most  active years  (1953 and 1955) the 
30-year dose would be about twice as great  as that just stated. 

If tes ts  were conducted 

If the exposure of the general  population to radiation is limited to 
levels which the genetics comI$ttw believes reasonable (see recommenda- 
tions at the end of this part),,, ,, , && should be practically no pathological 
effects in the persons receiving the radiation. 

Larger  exposures (say 100 roentgens and up) of the whole body o r  
a large part  of i t  a r e  generally harmful when received in a single dose. 
(Much higher doses may, however, be safely and usefully delivered to 
limited portions of the body under the controlled conditions of medical 
treatment. ) Very l i t t le is now known about how to t reat  the pathologi- 
cal  effects of radiation or  how to protect the body against them in the 
f i r s t  place. Much research  is needed in these fields.  
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One of the effects is a shortening of life. This seems to involve 
some generalized action. 
normally even i f  they do not develop specific radiation-induced diseases  
like leukemia. It has  not been shown that exposures small enough to be 
genetically tolerable have this effect. Furthermore,  the permissable 
exposure levels that have been established for persons working with 
radiation appear to be within the l imits of safety. However, i t  is not 
yet known what minimum dose, if any, would be necessary to produce a 
statistically noticeable reduction of life span when very  large numbers of 
people a r e  concerned. 

Irradiated individuals may age faster  than 

Environment and Food Supply 

Radiation in the general environment has not yet become a serious 
problem. In a few decades, however, radioactive waste products f rom 
atomic power plants will represent  an  enormous potential source of con- 
tamination. How much of this radioactivity will actually reach the popu- 
lation depends on how successfully i t  can be kept out of the great network-- 
ocean and air currents ,  food and water supplies--which connect man to 
his  surroundings. 

At present tes t  explosions of atomic weapons a r e  the only signifi- 
cant source of radiation in the general environment, above the natural 
background. 

Meteorologists have found no evidence that atomic explosions have 
changed the weather o r  climate. 
weapons tes t s ,  at the same rate  and in the same a r e a s  as in the past, 
would have such an  effect. 

Nor do they believe that continued 

Radiation f r o m  explosions passes  into the atmosphere and much of 
it eventually re turns  to the ground as "fall-out. ' I  

Fall-out divides into three c lasses :  (1)  close-in--material  that 
comes down within a few hundred miles  of the explosion and within 10 
to 20 hours, ( 2 )  intermediate--material  that descends in a few weeks 
af ter  the explosion, ( 3 )  delayed--material that remains in the air for  
months o r  years. 

Close-in fall-out f r o m  test  explosions affects only restr ic ted,  un- 
inhabited regions. 

Intermediate fall-out would descend very slowly i f  it were pulled 
down only by gravity. 
snow. 
small area may be accentuated i f  there  is heavy precipitation while the 
radioactive cloud is overhead. 

It is mostly washed out of the air by rain and 
It spreads over large par ts  of the ear th ,  but i ts  effect over a 
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Delayedfall-out i s  stored for long periods in the stratosphere.  
Meteorologists know very little about the interchange of a i r  between the 
s t ra tosphere and lower layers ,  s o  they cannot predict exactly how long 
the mater ia l  will stay up, or  where it is likely to descend. 

At this point the oceans a r e  not receiving any significant quantities 
of radioactive mater ia l .  But eventually they will undoubtedly be used a s  
a repository for  some of the radioactive waste products of atomic power 
plants. 

Before this can safely begin on a large scale,  much r e sea rch  is 
needed to determine the mixing r a t e s  between various par ts  of the seas .  
Materials deposited in some of the deep par t s  of the ocean may remain 
there  100 years  or  more ,  so that most of their  radioactivity would be 
gone before they reach surface water.  On the other hand, material  
dumped into coastal and other surface waters would directly affect 
marine life and, within a few yea r s ,  would contaminate all parts of the 
world because of the relatively rapid circulation of surface layers .  

Radioactive t r a c e r s  can be used to chart  ocean and a i r  currents  
and to study the interrelationships of marine animals. 
experiments in these fields will be possible only within the next 10 o r  
20 years .  Increasing radioactive contamination of the sea  and atmos- 
phere will make it impossible after that to detect the t r a c e r s  against 
the heightened background. 

Many important 

Radiation fromfall-out inevitably contaminates man's food supply. 
Radioactive elements in the soil a r e  taken up and concentrated by plants. 
The plants may be eaten by humans, or by animals which in turn serve  
a s  human food. 

At present  the contamination is negligible. But the maximum 
tolerable level i s  not known. There i s  not nearly enough information 
about the long-term biologic4 effects on man or  animals from eating 
radiation-contaminated food,$ iR$search in this a r e a  is. urgently needed. 

, -  ., i. , 
Probably the most important potential food contaminant i s  stron- 

tium 90--a radioactive element that concentrates in bone t issue.  Al- 
ready, detectable although biologically insignificant t races  of it have 
turned up i n  milk supplies thousands of miles f rom the site of atomic 
explosions. 

Food f rom the oceans is also subject to radioactive contamination. 
Marine plants and animals extract  and concentrate various radioactive 
elements that get into sea  water.  
creasing a s  it proceeds up the chain f rom microscopic plankton to 
edible fish. 

The concentration i s  cumulative, in- 



Properly used, radiation can enhance man's food supply ra ther  
Radiation techniques have already opened important than damage i t .  

new fields in agr icul tural  research  and will undoubtedly become in- 
creasingly valuable. 
pears  imminent, however. 

No dras t ic  change in agricultural  production ap- 

T race r  studies will help us understand basic metabolic processes  
in plants and animals .  
such a s  the use of fer t i l izers .  

They will also be applied to practical  problems 

Mutation r a t e s  in plants a r e  being artificually speeded up with 
radiation in the hope of producing new and superior s t ra ins .  
only a few new economic varieties have been found, but the method i s  
promising. The use of radiation to steri l ize packaged food may have 
dramatic  impact on food technology by reducing the need fo r  re f r igera-  
tion and extending the shelf-life of many products. 

Thus far, 

Holding radiation to a tolerable worldwide level will require  ade- 
quate methods for  disposing of, o r ,  ra ther ,  for containing radioactive 
wastes f rom power r eac to r s .  

Some of these wastes will remain dangerously radioactive for 
centuries.  
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Research has indicated some apparently feasible systems for con- 
trolled disposal, but none i s  yet at the point of economic operating reali ty.  

The major problem in routine disposal is what to do with the wastes 
resulting f rom the processing of reactor  fuel. 
operations of reac tors  themselves can be more easily handled. 

The wastes f rom normal 

A second major  problem is  to anticipate the accidents that will 
inevitably occur and to set  up safety standards which will insure that they 
do not become catastrophes.  

Considered in this light, it appears feasible to  use nuclear reac tors  
in central  station power plants and in naval vessels.  

Recommendations 

In the light of these findings the study committees have made a 
Those of the genetics committee apply number of recommendations. 

most directly to all of us. They a r e :  

(I) Records should be kept for every individual, showing his total 
accumulated lifetime exposure to radiation. 
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(11) The medical use of Xrays should be reduced as much as is con- 
sistent with medical necessity. 

(111) The average exposure of the population's reproductive cells to 
radiation above the natural  background should be limited to  10 
roentgens f rom conception to age 30.  

( IV)  The 10 roentgen limit should be reconsidered periodically with a 
view to keeping the reproductive cell  exposure at  the lowest 
practicable level. 

( V )  Individual persons should not receive a total accumulated dose to 
the reproductive cells of m o r e  than 50 roentgens up to  age 30 years,  
and not more  than 50 roentgens additional up to age 40. 
half of all U. S. children a r e  born to parents under 30, nine-tenths 
to parents under 40. ) 

Other recommendations of general  interest a r e :  

(VI) Techniques for  monitoring worldwide fall-out should be further im- 
proved. 

(About 

(VII)  Measurements of the storage of radiation in the stratosphere 
should be continued and extended. 

(VIII)  A national agency should control and keep records of all dumping 
of radioactive material in  the ocean. 

(IX) An international body should se t  up safe standards for  the marine 
and air disposal of radioactive mater ia ls  as soon as possible, 
based on current  knowledge. 

(X) Research in  marine disposal should be carr ied out on a coopera- 
tive international basis. 

i i' .*& 
(XI) Until advances in react6.r (technology substantially reduce potential . .  

hazards buildings that house reac tors  located near populated a r e a s  
should be sealed against the re lease  of radioactive materials in 
the event of accident. 

(XII) Research should be continued and accelerated, particularly in the 
fields of: 

Fundamental genetics, mammalian genetics, human and population 
genetics 

Pathological effects of radiation 



9 

Mixing between various par t s  of the atmosphere 

Mixing between various par t s  of the oceans 

The role of plants and animals,  both on land and in  the oceans, in 
concentrating radioactive mater ia ls  

The tolerable levels of radioactivity in human and animal food 

Geophysical and geochemical aspects of the ultimate disposal of 
radioactive wastes 

Selection of biologically suitable s i tes  for  various atomic 
facilities 

Safety devices for the control of accidental power surges in 
reactors  

Pa r t  111 

THE NATURE O F  RADIATION 

one 
into 

Broadly speaking, radiation is a way in which energy moves f rom 
place to another. 
water radiates away in c i rcular  waves. 

Thus,  the energy released when a stone is dropped 
Sound energy radiates f rom 

a speaker 's  mouth to a l is tener 's  ea r ;  light and heat energy radiate f rom 
the sun to the earth. Electrons,  radiating f rom a hot wire, provide the 
energy that forms  the picture in a television set. 
amples the radiation consists of waves--water waves, sound waves, 
light waves, heat waves. In the las t ,  the radiation i s  a s t ream of minute 
par t ic les .  

In the f i r s t  four ex- 

Here we a r e  concerned with atomic radiation. It also t ransports  
Xrays,  the most energy, carrying it away f rom over energetic atoms. 

famil iar  example, a r e  waves, like light waves, only very much shor te r .  
To give some idea of the scale,  a water wave or  a sound wave may be 
inches or feet  long; a light wave i s  about a hundred thousandth of an 
inch long; a medium-short Xray,  about a billionth of an inch. 
group of atomic radiations,  called gamma rays ,  a r e  like Xrays,  but 
a r e  usually still sho r t e r .  Their wave length goes down to about a 10- 
billionth of an inch. 

Another 

One of the major discoveries of modern physics i s  that the shor te r  
the wave length of any wave radiation, the more energy each unit of it 
c a r r i e s .  Hence, Xrays and gamma rays  a r e  enormously more  energetic 
than light. 
they produce much la rger  effects. 

They penetrate much farther into all kinds of mat ter ,  and 
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In addition to waves, atoms a r e  now known to radiate a great 
These a r e  all unimaginably tiny (measured in variety of particles.  

100-trillionths of an inch, ) unimaginably light, and known to us only 
indirectly through their  effects. 
a r e :  

Some of the more important particles 

Electrons. The lightest par t ic les ,  carrying a negative electric 
charge.  Radiation electrons a r e  sometimes called "beta rays .  " 

Protons. About 2, 000 t imes  a s  heavy a s  electrons and positively 
charged. 

Neutrons. Like protons, but uncharged. 

Alpha particles.  Each one i s  an assemblage of two protons and 
two neutrons. 

What Produces Radiation? 

Atomic radiation is given off by atoms which have more than the 
normal complement of energy--"excited" atoms in the physicists '  

' phrase.  Before describing excited atoms, however, we should pause 
very  briefly to reca l l  what an atom is. Every atom is composed of a 
tiny, positively charged "nucleus" surrounded by a cloud or swarm of 
negative electrons. 
and is composed of protons and neutrons. 

The nucleus accounts for almost all the atom's weight 

The number of protons in a nucleus determines the chemical 
properties of the atom; each element has a unique and character is t ic  
number of protons.. The number of protons and neutrons together de- 
termines the weight of the atom. 
protons but different numbers of neutrons a r e  said to be  "isotopes" of 
the same element. 

Two atoms having the same number of 

How does an atom get t$'x+ted?" One way is to be struck by a 
projectile. There i s  nothingvery mysterious about this. If a bullet 
s t r ikes  a metal target ,  energy is added to the target-- i t  is excited. 
This energy is then radiated away, in the form of waves wkch c a r r y  off 
the noise and heat of impact. 
the bullet knocks some pieces out of the target.  In the same way, a 
bullet of atomic dimensions excites an atom that it s t r ikes .  
energy i s  radiated away in the f o r m  of waves (Xrays,  gamma rays) ,  
par t ic les  (fragments f rom the target  a toms)  or  both. 

There may also be particle radiation if 

The excess 

In an Xray machine, a s t r e a m  of fast-moving electrons is made 
to s t r ike a metal target.  
of the target.  
the atomic electrons send out Xrays. 

This excites some of the electrons in the atoms 
In the process  of giving off the excess energy thus gained, 
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With the exception of Xrays, the radiation we a r e  interested in 
comes f rom the nuclei of atoms rather  than f r o m  their  electron clouds. 
The big "atom-smashing' '  machines one reads about a r e  simply devices 
for  hu r l ing  various par t ic les  against nuclei. 
spew out radiation, including gamma rays and a great  variety of particles.. 

The target nuclei then 

Not all radiation comes f rom atomic collisions, however. Some 
atoms a r e  naturally excited, and emit radiation spontaneously. These 
a r e  the atoms of radioactive substances such a s  radium. The nuclei of 
radioactive atoms erupt f rom time to t ime, giving off alpha par t ic les ,  
electrons or  gamma rays .  

Since each atom is characterized by the number of par t ic les  in its 
nucleus, when a radioactive nucleus throws off a particle the atom 
changes either into another element or into another isotope of i ts  own 
species.  
radiation. Eventually, after a s e r i e s  of transmutations, every radio- 
active atom ends up a s  a stable element and stops radiating. For ex- 
ample the famil iar  radioactive elements such a s  radium and uranium 
end up a s  lead. 

The new nucleus may in  turn be unstable and emit fur ther  

Different radioactive elements vary greatly in the frequency with 

The atoms a r e  somewhat like popcorn that is just beginning to 
which their  atoms erupt.  
r a r e .  
heat up--only an occasional kernel pops. 
"go off" very frequently, like popcorn that is fully heated. Those sub- 
stances in which there  a r e  infrequent explosions a r e  comparatively weak 
sources  of radiation, since radiation is produced by the explosion. On 
the other hand, these mater ia ls  have a long life--that i s ,  it takes a long 
t ime before all their  a toms have transmuted themselves into other ele- 
ments. Those in which explosions a r e  frequent radiate strongly but have 
a short  life. Short-lived radioactive 
substances may exhaust themselves in minutes, seconds, even millionths 
of a second. 
sands,  even millions of years .  

In some substances eruptions a r e  comparatively 

In other substances the atoms 

The t ime spread here  i s  enormous. 

Long-lived mater ia ls  may remain little changed for thou- 

The ra te  of radioactive decay i s  usually measured in  "half-life"-- 
the t ime required for  half of any amount of radioactive mater ia l  to t rans-  
mute itself. Thus, if the half-life of a substance i s  one hour, half of any 
start ing amount will be gone in an hour, half of what i s  left will go in the 
second hour, and so on. In ten half-lives, the amount of any radioactive 
substance i s  reduced to one-tenth of one percent. 

Two important sources  of radiation, a s  we have said,  a r e  naturally 
radioactive atoms and atoms made artificially radioactive by bombard- 
ment. We also receive radiation from the high-energy par t ic les  called 
cosmic rays ,  which r a in  on the earth f rom outer space. As the power 
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program expands, however, the radiation from these other sources  will 
fade into insignificance compared with that f rom the basic atomic energy 
process  - -nuclear fission. 

When certain atomic nuclei, notably those of uranium and plutonium, 
a r e  struck by neutrons, they do not radiate in the usual way. 
they split into two roughly equal par ts  and give off a large burst  of energy. 
It is this energy that provides the explosive power of an atomic bomb, and 
that can be converted into useful power in an atomic pile. 

Instead, 

Our concern is not with the energy, but with the nuclear f r a g m n t s  
that a r e  produced--the so-called fission products. 
even the smallest  bomb, o r  the most modest experimental nuclear r e -  
actor,  there a r e  tr i l l ions upon uncounted trillions of these fragments.  
The fission products a r e  invariably unstable atoms; every one of them is 
radioactive. They include a wide variety of radioactive elements, rang- 
ing f rom very  short-lived to very long-lived ones. 
that a r e  exploded, the m o r e  of these radioactive fragments a r e  scattered 
broadcast over the ear th .  
tion, the more  radioactive mater ia l  must be disposed of. 
problem will a r i s e  chiefly when spent fuel f rom reactors  is "processed;" 
that is, when the accumulated fission products a r e  removed and the fuel 
reconstituted for  fur ther  use.  

The point is that in 

The more bombs 

The more  power reactors  thatgo into opera- 
The disposal 

' 

Measurement of Radiation 

The strength of radiation can be measured in many different ways. 
The unit we are  using in this report  is called a roentgen. Its technical 
definition* involves the ability of radiation to knock electrons out of air 
molecules (i. e. ,  to ionize them). This is, unfortunately, not very  
meaningful to a non-specialist.  As has already been pointed out, a 
rough idea of the s ize  of the unit can be obtained f rom the fact that an 
average dental Xray delivers five roentgens of radiation to the skin of 
the patient's jaw, (but only five thousandths of a roentgen to par ts  of 
the body as distant as the go$kiw) 

.. : - 
. i  ~ . r . .  

What Does Radiation Do to Living Things? 

This is the big question being dealt with in the study. In a very  
general  way it is not hard  to  answer. When radiating waves o r  particles 
pass  through any substance, at least  some of them bump into molecules. 

*The definition actually reads :  "A roentgen is the quantity of radiation 
such that the associated corpuscular emission per 0.001293 g rams  of 
air produces, in air, ions carrying one electrostatic unit of quantity of 
electricity of either sign. " 
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The effect may be no more  than to knock a few electrons out of the mole- 
cules, o r  it may be more  dras t ic .  
knocked loose,  the molecules become very active chemically, and fo rm 
new combinations. 
interacting mater ia ls .  Each molecule must be just what i t  is to play i ts  
proper role. 
have serious effects. 
ce s ses ,  o r  even kill the cell. 

But evenif just  a few electrons a r e  

Now a living cell is a marvelously delicate balance of 

Hence any chemical change in a cell, however slight, may 
It may substantially change the normal life pro- 

When a complex organism is  exposed to radiation the degree of 
damage, if any, depends on which of its body cells have been affected. 
The more  vital par t s  a r e  generally some distance in f rom the surface.  
Hence radiation coming f rom the outside is more  harmful i f  it  can pene- 
t ra te  to these par t s  than if it cannot. Xrays and gamma rays a r e  very 
penetrating; particle radiation much less  so. 
beam of particles i s  lost  in the outermost layers  of any organism it 
s t r ikes .  Radiation may also originate inside the organism. (Plants 
may take radioactive mater ia l  up f rom the soil, animals m y  eat o r  in- 
hale i t) .  If the mater ia l  concentrates in or  near vital t issue,  i t s  radia- 
tion need not be penetrating to be very damaging. 

Most of the energy in a 

What Radiation a r e  We Exposed to?  

Wherever one goes over the surface of the earth,  there  is always 
a small  amount of radiation, more in some places than in others.  It is 
called "background" radiation. O n e  i s  the 
naturally radioactive substances--uranium, radium and so on--that a r e  
found in rocks and the soil.  
deposits var ies  widely f r o m  place to place. The other i s  cosmic radia-  
tion. 
mosphere, so that background radiation f rom this source i s  g rea te r  the 
higher one goes. 

It comes f rom two sources .  

Of course,  the percentage of radioactive 

Cosmic rays a r e  absorbed a s  they pass downward through the at-  

There a r e  naturally-occurring radioactive atoms within living 
plants and animals, a s  well a s  in the earth.  
exposed to i ts  own radiation a s  well a s  that f rom the external background. 

Over and above the background, there  a r e  the various fo rms  of 
manmade radiation to reckon with. At this point, in industrially ad- 
vanced countries, by fa r  the most important a r e  medical and denhl  
Xrays. The average U.S. citizen now receives roughly the same amount 
of radiation, over his whole body, f rom Xray and fluoroscopic examina- 
tion a s  f rom the natural background. 

Thus every living thing i s  

Another source of radiation--a minor source so fa r -  - i s  "fall-out" 
f r o m  atomic explosions. 
into the air a huge cloud of radioactive particles,  some of which a r e  

Every bomb o r  "device" that i s  set  off throws 



14 

carr ied great distances by the winds of the upper air, and settle out 
gradually over the whole earth.  

At the present t ime, atomic reac tors  a r e  not a factor in the general 
radiation picture. 
in operation, the output of radioactive fission products will be enormous. 
The ingenuity and c a r e  used in the management and release of these 
wastes will determine how much of their  radiation passes into the gen- 
e r a l  environment. 

But when large numbers of nuclear power plants are 

Pa r t  I V  

SUMMARIES OF THE STUDY COMMITTEES' REPORTS 

1. Genetics 

We come now to the findings of the study committees. T h e  a r e  
at least  two good reasons for beginning with genetics. All of us tend to 
be more concerned for  our children than for ourselves. And, as we 
shall see, the inheritance mechanism is by far the most sensitive to 
radiation of all biological systems.  

Only the high points of what the genetics committee has to say a r e  
presented here.  
and a brief statement cannot do them justice. 
written for a general public, and copies of it a r e  available. 

The problems of human genetics a r e  complex and subtle, 
The fu l l  report  has  been 

A summary of the committee 's  findings will not be very  meaningful 
unless one h o w s  a li t t le about how biological inheritance works. The 
following paragraphs a r e  a very brief,  and oversimplified outline of a 
few of the fundamental facts of genetics. 

Every cell  in  the human body (and in  every other living organism) 
contains an enormous collec$op&f tiny units called genes. Taken to- 
gether they substantially deredmine all the characterist ics the individual 
is "born with." 
them f rom theirs,  and so on. 

Each person gets his genes f rom his parents, who got 

Genes come in pa i r s ,  one of each pair  inherited f r o m  the father 
Every characterist ic is governed by one o r  

F o r  example, there  a r e  genes which have to do with hair 
and one from the mother. 
more  pairs. 
color, others which control stature and so on. 

This is the way the gene pairs  a r e  acquired: Sperm and egg cells 
have single sets  of gems rather  than pairs .  
to fo rm the f i r s t  cell  of a new embryo, there  is a new double set ,  half 

When a sperm and egg unite 
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coming f r o m  the father and half f r o m  the mother. 
velops, this set  is duplicated over and over again through the successive 
divisions of the cell ,  so that every cell  in the body of the fully developed 
infant has  an essentially identical set  of genes. 

As the embryo de- 

Just  which gene a child inherits f r o m  each of his mother 's  and 
father 's  gene pairs is a matter  of chance. 
produced by a splitting of cells in the sex  glands o r  gonads. 
cells  split,  the gene pairs  divide up at random. 

Sperm and egg cells a r e  
When the 

F r o m  all this it is obvious that the two genes in each pair a r e  not 
necessar i ly  or even usually identical. 
tending to  produce red hair ,  say, f r o m  his  fa ther ,  there  is an excellent 
chance that the corresoonding maternal gene wil l  have some other color 
tendency. How is the characterist ic then determined? What color will 
the child's hair  be? 
most  always has  a stronger effect than the other and largely determines 
the characterist ic involved. 
member is called a recessive gene. 
effect is not completely submerged. 
pal gene for red  hair  is recessive.  
will have black hair ,  o r  brown o r  blond, but i t  will very  likely have a 
rusty,  o r  tawny tinge. To make him a t rue  redhead, both ofthe princi- 
pal genes would have to be the type for  red. In general, a recessive 
character is t ic  can be fully realized only in the cases  when both genes of 
a pair  are the recessive type. 

Thus, if a child inherits a gene 

The answer is that in each pair of genes, one al- 

This is called a dominant gene. The weaker 
In the usual case,  the recessive 's  
Thus, in our example, the princi- 

The child who c a r r i e s  one such gene 

Mutations 

The endless reduplication of genetic patterns,  f r o m  cell to cell  and 
f r o m  generation to generation, is not the least  of the wonders of life; 
but the patterns a r e  not eternally static. 
o r  "mutates, 
ably a changeling gene undergoes some chemical rearrangement,  although 
we do not yet know any of the details of the process .  
know a number of ways to bring about mutations. Heat, certain chemicals 
and--especially--radiation will do it.  
of the gene is then passed on as faithfully as the old one was. 

Every so often a gene changes 
and a characterist ic of the organism is altered. Presum-  

We do, however, 

And once changed, the new f o r m  

Now, as has  already been pointed out, the processes  of life a r e  so 
delicately balanced that any change, any departure f r o m  the established 
order  of things at the cellular level, is overwhelmingly likely to be for 
the worse. 
they occur. 

Mutations almost invariably h a r m  the organism in which 

To be sure ,  very infrequently a mutation will turn out to be help- 
f u l .  Evolution has  depended on a sequence of r a r e  mutations, each of 
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which produced an organism slightly better equipped than its ancestors 
to deal with the environment. 
fo r  helpful mutations that will give improved crop varieties. 
exceptions merely prove the rule:  

Plant breeders  a re  continually looking 
But the 

most mutations a r e  harmful. 

If mutation takes place in an ordinary body cell,  the effect is usu- 
In any case ,  the damage is primarily res t r ic ted to the ally not serious. 

individual in whom the change occurred. 

But the situation is quite different if the gene affected is located in 
Then the damage can be passed the reproductive cells of the sex glands. 

on through the spe rm o r  eggs produced by these cells,  to the individual's 
children, thence to their  children, and so on. 

With this background,. we turn to  the committee's report. 

Radiation Genetics - Basic Facts 

To  begin with, the group points out that most of what is known 
about genetics comes f r o m  studies on lower forms of life. 
human genetics is ra ther  limited. 
i ty  is the same for  all fo rms  of life reproducing sexually. 
tion of high-energy radiations upon the genetic material  is universally 
the same in principle. 

Knowledge of 

Also, the ac- 
Fortunately, the main pattern of hered- 

Thus although there  are many uncertainties about details and about 
certain numerical values, there  is complete agreement among geneticists 
concerning a number of basic  facts.  

1 ) Radiations cause mutations. 

These can be summarized as follows: 

2 )  Practically all radiation-induced mutations which have effects large 
enough to be detected a r e  harmful. 

The change due to a "ta&d gene seldom is fully expressed in the 
first generation of offspr, n'g . .  of the person who received the radiation. 
For mutant genes a r e  usually recessive.  If a child gets f rom one 
parent a mutant gene, but f r o m  the other parent a normal gene belong- 
ing to that pair ,  then the normal  gene is very likely to be at  least  
partially dominant, so that the normal  characterist ic will appear. 

2 

But this is not all of the story. Fo r ,  like the red-hair gene, the 
harmful recessive mutant genes are not usually completely masked. 
Even when paired with a normal  and dominant gene, they s t i l l  have 
some detrimental effect. 
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Thus, most of the h a r m  from a radiation-induced mutation might 
remain unnoticed, fo r  a shorter  or  longer t ime,  in the genetic consti- 
tutionof the successive generations of offspring. But the h a r m  uculd 
pers i s t ,  and some of it would be expressed in each generation. 
the average, a detr imental  mutation, no matter how small  i ts  harm-  
f u l  effect, will in the long run tip the scales  against some descendant 
who ca r r i e s  this mutation, causing his premature death or his failure 
to produce the normal number of offspring. In this way harmful mu- 
tations a r e  eventually eliminated f rom the population. 

On 

Although many mutations dis turb normal development of the  em- 
bryo, it i s  not co r rec t  to say that all ,  o r  even most mutations resu l t  
in monstrosit ies o r  f reaks .  In fact ,  the commonest ones a r e  those 
with the smallest  d i rec t  effect on any one generation--the slight 
detrimentals.  

3 )  Any radiation dose, however small ,  can induce some mutations. 
There is no minimum amount of radiation dose which must be ex- 
ceeded before any harmful mutations occur. 

4 )  Every generation of living things acquires some mutations f r o m  na- 
tural  causes (background radiation and also heat and certain chemicals). 
These a r e  called "spontaneous mutations, ' I  and a r e  also near ly  all  
harmful. 

We all c a r r y  a supply of spontaneous mutant genes. The s ize  of 
the supply represents  a balance between the tendency of old mutants 
to eliminate themselves,  and the tendency of new ones to appear. 

5 )  Additional radiation over and above the irreducible background pro- 
duces additional mutations over and above the spontaneous mutations. 
To the best  of our present  knowledge, if we increase the radiation 
that reaches the reproductive glands by X percent, the number of 
mutations caused by radiation will also be increased by X percent. 

The total dose of radiation received by a person over his repro-  
The genetic damage done by radia-  ductive lifetime is what counts. 

tion i s  cumulative. 

6)  F r o m  the above five statements a very important conclusion resu l t s .  
It has sometimes been thought that there  may be a ra te  (say, so much 
per  week), at which a person can receive radiation with reasonable 
safety as regards  cer ta in  types of direct  damage to his own person. 
But the concept of a safe ra te  of radiation simply does not make sense 
i f  one i s  concerned with genetic damage to future generations. 
counts, f rom the point of view of genetic damage, is not the ra te ;  it 
is the total accumulated dose to the reproductive cells of the individual 
f rom the beginning of his life up to the t ime the child i s  conceived. 

What 



I .  Individual vs.  Population 

It i s  easy enough to say that radiation causes genetic damage, but 
to define and measure the damage i s  very difficult. 

In the f i r s t  place, there  is more  than one way to look a t  the prob- 
One may think pr imari ly  in t e r m s  of individual damage, including lem.  

d i s t r e s s  to persons,  o r  in more abstract  termsof  the population as  a 
whole. 

Geneticists who emphasize the individual point of view a r e  con- 
cerned especially with the r i sk  to the descendants of individuals sub- 
jected to a great  deal more  than the average amount of radiation. 
the population standpoint, however, what i s  important is the effect of 
the average dosage on the character is t ics  of people in general. 

F r o m  

If the whole population of the United States received a small  dose 
of extra radiation--say one roentgen--there i s  good reason to think that, 
among the next hundred million children to be born, several  thousand 
would be definitely handicapped because of mutant genes due to radiation. 
These several  thousand would, so to speak, be lost in the crowd. No 
one could t race  the d i rec t  connection between their  special handicaps and 
the radiation dose, since there  would be many more children handicapped 
f rom other causes (e. g . ,  spontaneous mutations). - 

On the other hand, if 10,000 individuals were exposed to a much 
l a rge r  dose of radiation (on the order  of 200 roentgens) then there  would 
be perhaps one hundred handicapped children of these exposed individuals, 
in addition to the number resulting f r o m  other causes .  In this case the 
connection with the radiation r i sk  could be more readily established by 
a statistical study, and society might be more impressed by the hundred 
cases  than it would ever be by the severa l  thousand more  hidden cases .  

In addition to this contrast  in numbers of cases  there  i s  also a 
contrast  in quality of damaqe. ,Xhe personal viewpoint inevitably places 
great  emphasis on the (reidtitrely r a r e )  instances of subnormal mentality, 
gross  physical defects, o r  d i sorders  which lead to the progressive de- 
terioration and long delayed death of an apparently normal child. 
tragedies cause severe d i s t r e s s  to the affected individuals and their 
famil ies ,  and a r e  c lear ly  the most tangible and personal part of the 
genetic damage. 
the damage may be equalled or even outweighed by much more minor 
handicaps to very many more  persons.  

4 

These 

F r o m  the population viewpoint, however, this par t  of 

There i s  st i l l  a third aspect to consider. A population that i s  ex- 
posed, generation after generation, to an increased amount of radiation 
will experience a r is ing death ra te  and a falling birth ra te  because of 
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harmful mutations, until a new equilibrium is established between the 
increased r a t e s  of mutation and elimination. 
ra te  comes to exceed the birth ra te ,  the population will decline and 
eventually perish. At present we a r e  extremely uncertain about the 
level of this fatal threshold for  a human population. 
why we must be cautious about increasing the total amount of radiation 
to which the entire population is exposed. 

If in  this process  the death 

This is one reason 

How Much Damage? 

Whatever one's point of view, the idea of genetic damage would be 
c learer  if there  were some way of expressing it in  numbers. 
geneticists, including some on the study committee, feel that an attempt 
to do this cannot be ve ry  meaningful given the present state of knowledge 
on human genetics. Others, however, think it possible to a r r ive  at 
rough numerical  values that have some significance. 

Many 

Two approaches to the problem a r e  represented in the report .  
F i r s t ,  an estimate is made of the amount of radiation, above the natural 
background, that would cause as many additional mutations in individuals 
who received it, as now occur spontaneously. This so-called "doubling 
dose" probably falls somewhere between 3 0  and 80 roentgens. 
a figure is given for  the total number of mutant genes that would enter 
the population in  the next generation if everyone in the United States r e -  
ceived a dose of 10 roentgens to the reproductive glands. 
estimated to be about five million, with a la rge  range of uncertainty. 

Second, 

Thenumber is 

Neither the spontaneous mutation ra te  nor the rate at which radia- 
tion induces mutation is known for man. 
by reasoning f r o m  known values in lower fo rms  like fruit f l ies .  
geneticists a r e  dubious about this step. 

The estimates a r e  a r r ived  at 
Some 

Assuming the figures a r e  somewhere in the neighborhood of the 

If 
t rue  values, what do they mean? At present  something like two percent 
of all U. S .  children a r e  born with some noticeable genetic defect. 
we were subjected generation after generation to a n  additional 30 to 80 
roentgens, this figure would gradually rise to four percent. 

Some geneticists feel  that this is the most meaningful way of stat- 
ing the effects. 
of mutations produced. They point out that ,  in  the very long run, mu- 
tants eliminate themselves only through tragedy. 
figure represents  to them the best measure of the burden which a 10 
roentgen exposure would place on society. 

Others a r e  more  interested simply in the total number 

Thus the five million 

In any case,  we should not disregard a danger simply because we 
cannot measure  it accurately, nor underestimate it simply because it 
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has aspects which appeal in differing degrees to different persons.  
conclusions seem to be clear  and important: 

Two 

We should vigorously pursue the researches which will in  time 
give us a more precise  way of judging all  aspects of the r isk.  

We ought to keepal l  our expenditures of radiation exposure a s  low 
a s  possible. F r o m  the point of view of genetics, they a r e  all  bad. 

2. Pathology 

Passing f rom the effects of radiation on future generations to its 
effects on persons direct ly  exposed, we find a considerably simpler situ- 
ation, s o  f a r  a s  the general population i s  concerned. 
beenmentioned, the inheritance mechanism is  far more sensitive to r a -  
diation than any other biological system. Therefore, if the general 
level of exposure is held down to genetically acceptable levels,  there  
would be no noticeable effects on the bodies of the persons exposed. In 
fact, with two possible exceptions, doses several  times a s  large as the 
limits recommended by the genetics committee a r e  necessary to produce 
any obvious damage. 

As has already 

Shortening of Life 

The f i r s t  exception has to do with shortening of life. There is 
considerable evidence, both f rom animal experiments and human mortal-  
i ty  statistics, that exposure to moderate levels of radiation shortens 
life expectancy. (Radiologists die five years  ear l ier  on the average, 
than physicians having no known contact with radiation. ) This resu l t s  
not only f rom specific diseases ,  like cancer and leukemia, that can be 
caused by radiation, but a lso f rom more general, diffuse effects. Ra- 
diation appears to lower immunity, damage connective t issue and, in 
general, to lead to premature aging. Doses up to about 100 roentgens, 
when spread over years  have not been shown to shorten human life. 
the other hand, we cannot yet say that there  i s  a minimum amount below 
which the effect does not t&e,@ace. 
were exposed to a gradually accumulated dose of 100 roentgens or  even 
l e s s ,  their  life expectancy might well be lowered by a minor,  but statis-  
tically observable amount. 

On 

If very large numbers of people 

Internal Radiation 

The second possible exception has to do with internal radiation. 
Until now we have been speaking almost entirely of radiation striking 
the body f rom outside. 
haled, its potential harmfulness i s  multiplied many times.  

But if radioactive mater ia l  i s  swallowed or  in- 
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At the moment there  seems to be only one substance that might 
represent  any threat to the general population in this way. 
strontium of atomic weight 90--one of the radioactive products of nu- 
c lear  fission. 
especially dangerous. (1 )  It is one of the more  abundant fission products, 
( 2 )  i ts  half-life is long enough ( 2 5  years )  to keep it active for many yea r s ,  
yet short  enough to make it a strong radiator,  ( 3 )  it is chemically vely 
s imilar  to calcium and so is taken up and concentrated by bone t issue 
which has an affinity for  calcium, (4)  i t  is known to cause bone tumors  
in experimental animals,  (5) much of it does not fall back to the ground 
within a short  time and a short  distance of an atomic explosion. 
it is carried up into the stratosphere where it spreads over the. whole 
ear th  and then is deposited gradually, over a period of years.  

This is 

A unique combination of qualities makes this substance 

Instead 

Already some children have accumulated a measurable amount of 
radioactive strontium in their  bodies. The amount, however, is quite 
small--a thousandth of what is considered a permissable dose. P r e -  
sumably, most of i t  came f r o m  the milk of cows which had grazed on 
contaminated pasturage. It appears, then, that strontium 90 is not a 
current  threat,  but i f  there  were any substantial increase in the ra te  of 
contamination of the atmosphere,  it could become one. 

Radiation Disease 

Most of the attention of the pathology committee has  been devoted 
to  the medical effects of la rger  amounts of radiation, say  100 roentgens 
or more.  Barr ing atomic warfare,  there  is no likelihood that the popu- 
lation in  general  would ever be subjected to such doses.  
in atomic energy installations, however, might be exposed to la rge  doses 
through accidents. 

People working 

We will not go into the detailed medical findings here .  In general 
we may say  that the type and severity of pathological effects depend on 
the amount of radiation received at one time and on the percentage of the 
total body exposed. 
any part--reduces the damage in greater proportion than might be ex- 
pected f rom the percent of the body mass protected. 
t h i s i s  not yet known. 

It has been learned that shielding a par t  of the body-- 

The reason for  

Very large single doses (say more than 800 roentgens) which strike 
all o r  most of the body inevitably cause death. Less  than lethal doses 
produce a variety of effects. The most prominent immediate ones a r e  
blood and intestinal d i sorders ;  leukemia and cancer a r e  among the chief 
delayed effects. People acci-  
dentally exposed to close-in fall-out f rom weapons tes t s  have developed 
marked external symptoms, including ulcers and loss  of hair ,  although 
the total radiation they received was not enough to do serious internal 
damage. Unless the dose is heavy, skin effects a r e  temporary.  

The skin is very sensitive to radiation. 
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The panel concludes that radiation injury is difficult to t reat .  
"Some success" has  been achieved with antibiotics (to prevent secondary 
infection) and blood transfusions.  Certain substances have been dis- 
covered which, if taken immediately before receiving radiation, give 
some protection against its effects, but such treatment is not yet "in 
any sense practical. ' I  

Much more research  is needed on the pathological effects of ra- 
diation the panel believes. 
partial  shielding gives disproportionate protection, o r  how the various 
protective substances work, this might point the way to more effective 
treatment or more  practical  protection. 

If, for example, it could be discovered why 

3 .  Radiation in the Environment 

Up to this point we have been concerned with what happens when 
radiation gets to the "ultimate consumers"--human beings. Despite all 
the complexities involved, this is in one sense a comparatively straight- 
forward matter.  It is assumed, so to speak, that X people receive Y 
roentgens of radiation and the problem is to predict what happens. 

Now we must look into the very tangled problem of how the radia- 
tion gets to the people. 
Bombay. A power station in Oslo o r  Moscow is a far remove f r o m  
Johannesburg. 
a r e  surrounded by the interconnecting oceans of water. English g ra s s  
has  been sprinkled with strontium 90 f r o m  Nevada. And English cows 
have eaten i t ,  Plankton in  the North Sea has very likely taken up some 
of the radioactivity being dumped there  from a British atomic reactor .  
Where did the ocean currents  then c a r r y  this plankton? 
on i t ?  

It is a long way f rom Eniwetok to Chicago o r  

Yet all these places a r e  in the same ocean of a i r ;  all 

What fish fed 
Who ate the f i sh?  

Between the potential sources of man-made radiation and the peo- 
ple of the world is a vast,  complex connecting network. 
air, the r ivers  and oceans, a44 the plant and animal life which fo rm the 
links in the chain of our food bu&y. 
how its distribution can be controlled--is a problem that calls for  the 
combined efforts of meteorologists, oceanographers, agricultural scien- 
tists and experts in the disposal of radioactive wastes. 

It includes the 

How radiation is distributed--or 

The Need for Research 

The specialists in  these fields who make up the committees in the 
present study have thoroughly reviewed the current state of knowledge. 
On one thing, all s eem agreed: We do not know enough. We must know 
more  about how the winds o r  the ocean currents  move, how plants a d  
animals may concentrate radioactivity and transport  it f r o m  one place 
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to another. There is s t i l l  t ime to find out, but not ve ry  much. The amount 
of man-made radiation that has been put into our surroundings so far i s ,  
f rom almost every point of view, probably negligible. But the testing of 
megaton weapons continues. In the next couple of decades the atomic 
power industry wil l  mature  and the question of what to do with almost 
unthinkable quantities of radioactive waste products will be upon us. 
had better be ready with the answers.  

We 

4. Meteorology 

F r o m  the standpoint of meteorology, nuclear explosions a r e  more  
important than controlled reactions in atomic piles, since the f o r m e r  
put much more radioactivity into the air. The chief question which the 
meteorologists must answer i s :  Once the radioactivity has gone up into 
the a i r ,  when and where will i t  come down again? 

Fall-Out 

Fall-out f rom explosions can be divided into three types: close-in 
- -mater ia l  that re turns  to the ear th  within a few hundred miles of the 
site of the explosion and within 10  to 20 hours af ter  it has  occurred; in- 
termediate--mater ia l  that comes down in the first few weeks after an 
explosion; delayed--material that stays in the air for months or  years  
before reaching the ground. 

Close-in fall-out i s  made up of heavier particles in the explosive 
To figure out where it 

Such pre-  

debris ,  and is brought down chiefly by gravity. 
will land, it is necessary to  know the type of explosion and to predict 
the wind patterns in the vicinity for the next 10 to 20 hours. 
dictions a r e ,  to put it mildly, not infallible; but, with the help of modern 
computing aids, they a r e  getting better.  

The predictionof close-in fall-out is obviously extremely important 
in connection with the testing of nuclear explosives, but it does not di- 
rect ly  concern the average person. 

Intermediate fall-out consists chiefly of particles so small  that 
they would take a very long time to sett le out by gravity. 
in the lower atmosphere for several  weeks and a r e  car r ied  many thou- 
sands of miles f rom the point where they originated. It has been dis-  
covered that, in the main, they do not simply set t le  out of the air but 
a r e  washed out by rain or  snow. This means that the material  does not 
come down in a uniform, predictable pattern, but is concentrated in 
a r e a s  where there is precipitation. Hence, under some circumstances 
a ra ther  limited'region might get a disproportionately high share of the 
intermediate fall-out f r o m  an  explosion. Following a single Nevada ex- 
plosion the cit ies of Albany and Troy in  New York received one-tenth of 

They remain 
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a roentgen of fall-Out, o r  one per  cent of the 10 roentgens which the 
genetics panel has recommended as a maximum for the general  popula- 
tion. It is unlikely, of course,  that a single region w u l d  be s o  unlucky 
more than once. 

Delayed fall-out is made up of very fine particles that a r e  b l o w  
into the stratosphere (higher than 40, 000 feet). F r o m  the standpoint of 
i ts  possible effect on humans, the important ingredient of delayed fall- 
out is strontium 90. 
eventually car r ied  over every par t  of the globe. How long it actually i s  
stored in the stratosphere,  and how it  re turns  to the lower atmospheres 
and thence to the ground is st i l l  largely unknown. In fact, the general 
problem of mixing between upper and lower air layers  and of diffusion 
of material  throughout the atmosphere a r e  major qwstions of meteorol- 
ogy today. This is another of the numerous instances where the answer 
to radiation questions awaits the solution of more basic scientific prob- 
lems.  It i s  also t rue  that tracing the course of the radioactive material  
may be of considerable help in finding the basic solution. 

The stuff stays in the upper air so long that i t  is 

Atmospheric motions a r e  not the only unknown factors in determin- 
ing fall-out. 
explosions--the heights to which various radioactive species a r e  carried, 
the varying effects of exploding on the ground o r  a t  different heights 
above it, and so on. Also, there  is need fo r  improvement in the methods 
of measuring worldwide fall-out. 

A good deal is yet to be learned about the anatomy of the 

Airborne Radioactivity f rom Industry 

At present weapons tes t s  a r e  the chief source of art if icial  airborne 
radioactivity. In t ime, however, the power industry will far outstrip 
mili tary development work in producing radioactive fission wastes. 
not adequately controlled the power program can become a dangerous 
source of atmospheric radiation. 

If 

..i 
Some fission p r o d u c t % a p g a s e s . .  If these were released into the 

air indiscriminately by a,w6r)dwide power industry, they would raise 
radiation levels in the lower atmosphere above what is considered bio- 
logically permissable.  Obviously, they will have to be contained, or  
released in limited quantities and a t  carefully selected t imes and places. 

Major accidents to large power reactors ,  while very unlikely, are 
not impossible. If a reac tor  core  vaporized completely, it would spread 
radioactivity over thousands of square miles  unless the vapor were con- 
fined. This is why reac tors  built near populated a r e a s  should be housed 
in sealed buildings strong enough to withstand the p re s su re  developed in 
the worst nuclear accident. 



25 

Trace r  Studies 

One of the tools which will be used in carrying out the necessary  
research  is radiation itself. Because radioactive substances can be de- 
tected in  incredibly minute quantities, they make excellent t r ace r s .  
Medical and biological research  have been virtually revolutionized in  
the las t  decade by t r ace r  methods. 
can be followed with a radioactive isotope and a Geiger counter, so can 
the courses  of winds and tides. Weapons t e s t s  themselves have yielded 
a good deal of information about the motions of the atmosphere,  as their  
radioactive clouds were t raced over the earth.  More may be learned by 
releasing specific radioactive materials in the air purely for purposes 
of meteorological research.  

Just  as the course of a vital process 

The Atomic Bomb and the Weather 

Ever since the first atomic explosion people have wondered about 

The meteorology committee has  considered the matter  in the 
the possible effect of these super-powerful blasts on the weather and 
climate. 
light of all the information collected over the past  decade. 
"No evidence has been found which indicates that the climate has  been in 
any way altered by past atomic and thermonuclear explosions. 
amount of study given to the problem is sufficient to indicate that it is 
unlikely that any tes t  explosions conducted in  the number and along lines 
similar to past t es t s  will have any important effect on the weather. 
ever ,  this conclusion is based on our present knowledge and the import-  
ance of the subject requires  continued study. " 

I ts  conclusion: 

The 

How- 

5. Oceanography and Fisher ies  

The problems considered by this committee a r e ,  of course,  very 
much like the ones in meteorology. 
put into the ocean at a certain point. 
how long does i ts  journey take? 

A load of radioactive mater ia l  is 
Where does it go f rom there  and 

There  is a general tendency, inestimating the effect of dumping 
foreign matter in the ocean, to assume that it will mix promptly and 
completely throughout all the waters of the earth.  
divided by s o  many billions of gallons gives some negligible fraction of 
an ounce per gallon. 
ographers warn. 

So many tons of waste 

Nothing could be more  misleading, the ocean- 

How Thoroughly Do Ocean Waters Mix? 

The current  systems of the oceans a r e  varied and complex. They 

The water 
a r e  still very imperfectly charted. 
differences in  mixing ra tes  for different regions of the seas .  

But i t  is known that t h e r e a r e  great  
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in the deeps of the Atlantic has been there for a t  least 150 years.  
one knows yet how it exchanges with surface waters--whether inter-  
mittently, at a slow continuous rate ,  o r  otherwise. Radioactive wastes 
deposited on the ocean bottom would have a long time to decay and 
probably would be diluted with a large volume of deep water before 
they got into the surface circulation in any amount. 
the hazard in the case  of short-lived fission products. 
do not know enough to be able to tell whether long-lived radioactive 
isotopes, such as strontium, could be safely disposed of in this way. 

No 

This would remove 
Oceanographers 

On the other hand, mater ia ls  dumped in coastal waters, or  upper 
layers  anywhere, will in the course of a few decades at  most be carr ied 
t o  all par ts  of the ocean. 
cautions, where large amounts of radioactive mater ia ls  can be intro- 
duced Into the surface waters without the probability of their eventually 
appearing in another region where human activities might be endangered 

There  is no place in the sea,  the committee 

.. 

Plants and Animals Concentrate and Transport  Radiation 

The dispersal  problem is complicated by the fact that the living 
inhabitants of the ocean as well as the currents may spread materials 
f r o m  one place to another. Furthermore,  plants and animals can con- 
centrate certain substances many thousands of t imes.  Water-dwelling 
creatures  "process" untold millions of gallons of s ea  water, extracting 
f r o m  i t  the materials they need for their body chemistry. Shellfish 
concentrate calcium and strontium in their shells. F ish  concentrate 
zinc. 
radioactivity will be concentrated at  the same time, thus reversing 
the tendency to more  and more  dilution. 

If these substances a r e  present in their radioactive forms,  the 

The committee has  considered the question: "Has the atomic 
energy program as yet resulted in serious damage to marine l ife? ' I  

Its answer is "Probably no.. . . 
damage has been done to  the animal or plant population of the sea o r  
large inland water bodies pi $ke re lease of radioactive substances" 
f r o m  weapons tes t s  o r  redct.oors. 

There is no evidence that any lasting 

4 

Research Is Needed 

The need at  present is for intensified research to determine how 
the waters of the s e a s  actually move, what role marine life will play 
in the mixing process ,  what regions a r e  sufficiently isolated so that 
they can safely take up large quantities of radioactivity. 

As the atomic power program grows, "limited, experimental, 
controlled'' s ea  disposal of radioactive wastes will help determine the 
safe l imits of this method. The committee points out, however, that 
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the operation must be very carefully regulated and evaluated. It r ec -  
ommends that a "national agency with adequate authority, financial 
support and technical staff regulate and maintain records of such dis- 
posal" and that the effects on the sea  be thoroughly studied. 

The U. S. and other countries with large uninhabited land a r e a s  
will probably be able to s tore  radioactive wastes until it becomes clear  
how they can be safely disposed of. 
land a reas  and large populations may have to s ta r t  dumping wastes into 
the sea f rom the beginning of their  atomic energy programs. 
mittee reminds us that what happens at  any one point in the s e a  ulti- 
mately affects the waters everywhere. Hence i t  recommends that, as 
soon as possible, international agencies set  up conventions for  the 
disposal of atomic wastes at sea  and that research  into the problem be 
carr ied out on a cooperative, international basis.  

However, countries with small 

The com- 

The oceanographers plead with "all urgency" that the program of 
research  be stepped up immediately. The problems cannot be attacked 
quickly o r  even in many cases  directly. Decades of effort willbe nec- 
e s sa ry  and mankind will be fortunate if the required knowledge is avail- 
able at the time when the practical  engineering problems have to  be 
faced. 
tools for studying the biology of fishes and other s ea  c rea tures ,  and 
thus ultimately for increasing the harvest  of the sea.  

They also point out that radioactive mater ia ls  a r e  powerful 

One of the findings of the committee dramatizes the urgency of 
oceanographic studies. Radioactive t r a c e r s  will play an important role  
in the study of ocean currents  and mixing. F o r  the successful use of 
t r ace r s ,  the general level of radioactivity must be low enough so that 
the extra radiation represented by the t r ace r  mater ia l  can be detected. 
Such studies can be made today, but this situation will not las t  very  
long. 
and the atmosphere, I' the committee points out, "many of the necessary 
experiments will only bepossible within the next 10 or  20 years .  
recommended international scientific effort should be developed on an 
urgent basis.  I' 

"Because of the increasing radioactive contamination of the sea,  

The 
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6. Agriculture and Food Supplies 
L 

This committee has  given a good deal of attention to controlled and 
constructive uses of radiation in agriculture a s  well a s  to the harmful 
effects that would result  f rom general contamination. 

I t  finds that radiation techniques a r e  of great  potential value in r e -  
search.  
t ic ,  imminent improvement in  agricultural production. 

However, i t  does not believe that they a r e  leading to any dras-  

T race r  Studies 

By incorporating radioactive atoms in the molecules of various 
substances, i t  i s  possible to t race  the fate of these substances through 
complex biochemical reactions. Such studies have already been enor- 
mously fruitful in helping us  understand essential  metabolic processes  
in  plants and animals. They may be expected to be increasingly frui t -  
ful  as the number and diversity of experiments increase.  
ods a r e  useful in  many of the problems of agricultural technology as well 
a s  in more  basic investigations. Thus, radioactive isotopes have been 
used to study the placement and recovery of phosphorus fer t i l izers  in 
soils;  the efficiency of various methods of applying of insecticides, f u n -  
gicides and herbicides; the utilization of feed components by animals, 
etc.  Use of t r ace r s  in applied research  may be expected to expand, and 
the immediate dividends may be considerable. Further ,  it is likely that 
new methods of employing isotopes will be developed; the ingenuity of 
investigators in  this field should not be underestimated. 

T race r  meth- 

Mutations 

Many researchers  are now using radiation to increase the muta- 
tion ra tes  in various plants, for the purpose of developing new and im-  
proved varieties. 
species have a low mutation .&tq, and fur thermore most mutations a r e  
disadvantageous. 
be r s .  
that show up in form o r  appearance, o r  for  changes which can be recog- 
nized by some blanket method such as  inoculating all irradiated plants 
with disease organisms in the hope of finding some that r e s i s t  infection. 
It i s  likely that characterist ics a t  present  unrecognized also undergo 
change. 
crops.  

Even when they a r e  subjected to radiation, most  

Hence thqkn3;stigator must  deal with very large num- 
Also, he has  been &le. sd f a r  to look only for obvious changes 

These represent unexplored potentialities for producing better 

Radiation has hardly simplified the problems of crop improvement 
research;  on the contrary, i t  has made them more  complex. But i t  opens 
many new possibilities. I t  is not likely that acceptable new varieties can 
b e  obtained simply by irradiating existing plants, although this is possible 
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if large enough populations a r e  examined. In general ,  however, 'back- 
crossing and recombination a r e  needed to add the new characterist ic to 
a crop plant acceptable in  other respects.  

Relatively f e w  new variet ies  of economic plants developed with 
radiation, have actually been introduced and widely planted. 
have, however, a t tes t  to the potentialities of the method. 

Those that 

Radiation and Animal Production 

Whereas radiation-induced mutations may be of considerable help 
in developing bet ter  crops,  they a r e  not so likely to be useful in improv- 
ing animal breeds.  It is not that fa rm animals a r e  less responsive to 
radiation than plants, but their size,  their cost, and the time required 
to breed each generation make the necessary experiments l e s s  practic- 
able. 
ciently la rge  numbers.  And even here ,  judging from work with smaller  
laboratory animals,  the chances of improvement seem slim. 

Probably only poultry and perhaps swine could be handled in suffi- 

T race r  studies on animals a r e  helping to c lear  up many problems, 
both in  physiology and in applied fields such as  the utilization of feed 
constituents. 
pense of disposing of experimental animals. Even where only short  half- 
life isctopes a r e  involved, and a t  t racer  levels, the animals cannot be 
marketed through the usual outlets, but must  be destroyed. The com- 
mittee believes that essential research  is being discouraged. 
mends that procedures and standards b e  developed which would adequate- 
l y  protect the consumer, but permit  the marketing of animals used in 
radiation experiments. 

This type of research  is seriously hampered by the ex- 

I t  recom- 

Contamination 

The "natural content" of radioactive elements i n  foods now con- 
sumed by animals and man is not the same  as  in  the pre-atomic age. 
Though extremely small, the difference i s  measurable,  and inescapable. 
Fallout f rom weapons tes ts  has added radioisotopes which were not there 
before to air, soil and water. The radioactive elements a r e  taken up by 
crops through the roots and also directly through the leaves. The com- 
mittee believes that the slowly rising background of radiation caused by 
weapons testing in  peacetime a t  the present ra te  is not likely to impair 
o r  interfere  with food production. However, the levels which might r e -  
sult  from atomic warfare,  o r  f rom mishaps with nuclear power plants in 
peacetime c o d d  have catastrophic effects on agricultural  production. In 
case  of severe contamination the mater ia l  causing most  concern would 
be strontium 90. 
lation in  bone tissue. All available foods in  heavily contaminated a r e a s  
might contain significant levels of radiostrontium, perhaps for years .  

There appears  to be no way of preventing i ts  accumu- 

i 



At present i t  is not known a t  what level food becomes unwholesome 
because of radioactivity. There i s  not nearly enough information on the 
long-term biological effects that may follow when men o r  animals eat 
radiation-contaminated food. The Committee therefore urgently recom- 
mends a long-range research  program to investigate these effects. The 
experiments must be carefully planned to give the kind of real is t ic  infor- 
mation which is needed by agencies charged with protecting the public. 

In order  to learn about the effects of high levels of radiation on 
the environment, the committee suggests that ecological studies might 
b e  undertaken in a r e a s  near weapons test  s i tes .  The distribution of 
radioactivity in  the soil a t  various depths, in the vegetation, i n  the wild- 
l ife,  in  the s t reams,  and so on, could be investigated. It i s  possible 
that land use may influence the accumulated radioactivity in the soil. 
Forested land, range land, rotation grassland, and plowland, i r r igated 
and non-irrigated, may each present a different situation. 

Radiation in  Food Processing 

i 

Radiation can be used to steri l ize certain foods. This process  
, could have a dramatic impact on food technology by reducing the need 

for  refrigeration and prolonging the shelf life of many products. 
iments  to date indicate that i r radiated foods do not become radioactive 
and that they will be suitable and safe for consumption by man. As  a n  
industrial process ,  radiation treatment i s  especially attractive because 
i t  can (and should) be carr ied out after packaging. 

Exper- 

Some radiation sterilized foods have been found to develop off- 
f lavors ,  and changes in odor or texture. 
ever ,  that with further research  means may be found to prevent these 
undesirable changes. 

The committee believes, how- 

7. Waste Disposal 
I.. 

a .& 
The atomic energy pr&r&m will soon present an  unparalleled 

problem in storage. To keep our general surroundings habitable, enor- 
mous  quantities of waste products from nuclear fission will have to b e  
tightly contained for  very long times. 

P a s t  experience gives only a pale intimation of what is to come. 
To  date, comparatively small  quantities of wastes have been collected 
f rom the various Atomic Energy Commission establishments, which are 
mostly in  isolated regions. Essentially none of the highly radioactive 
mater ia l  has  been released to the environment, but is stored for the 
time being in tanks. 
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How Much Waste? 

t The committee est imates  that by 1965 U. S. reac tors  wi l l  be p ro -  
ducing somewhat m o r e  than 2 0  pounds of fission products per  day (equi- 
valent in radioactivity to tens of tons of radium). Almost all of this will  
come from power plants in e lectr ic  utility networks o r  naval vessels .  
By 1980, the accumulated solutions of wastes may amount to 200 million 
gallons; by 1990, to 600 million; by 2000 to 2 . 4  billion1 

Another dimension of the problem is pointed up by questions of 
legislation and insurance.  
policies should apply to a company which owns fission products, consider- 
ing that the mater ia l s  will  re ta in  their radioactivity for, possibly, cen- 
tur ies  after the owner h a s  ceased to exist? 

What kind of laws, and what type of insurance 

Technical Problem s 

Day-to-day operation of r eac to r s  re leases  some radioactive waste, 
The big prob- 

Some of 

but methods a r e  a l ready at hand for  disposing of i t  safely. 
lem a r i se s  when fuel elements a r e  removed f rom the reac tors  and " re-  
processed. ' '  
them, such as cesium 137, a r e  themselves useful, and methods must be 
developed to separate  them economically. 
what to do with the r e s t ?  

This is when the fission products a r e  taken out. 

Finally the question remains,  

One unpleasant property ofthe fissionproducts is that they are li t-  
The more concentrated they a r e ,  the eral ly  as well as figuratively hot. 

hotter their radioactivity makes  them. To make s torage easier ,  the 
wastes should be highly concentrated. 
heat up so much that i t  becomes necessary to  cool their  containers a r t i -  
ficially. 

But beyond a cer ta in  l imit  they 

Research thus far has  indicated that a number of systems for  ulti- 
mate  disposal of wastes  may be feasible, the committee states.  
siderably more  work is required,  however, before any of them is at the 
point of economic operating reality. 

Con- 

Other aspec ts  a l so  require  more  investigation. Where should r e -  
What is the 

What geophysical and geochemical conditions determine the 

ac tors  and, especially, fuel processing plants be located? 
bes t  and safest  way to transport  l a rge  quantities of highly radioactive 
mater ia l?  
actual capacity of various regions of the earth to receive radioactive 
mater ia l s  ? 

Accidents 

As in every other a r e a  of human activity, accidents a r e  bound to 
happen in the atomic energy program. The problem he re  is to se t  up 
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large enough margin of safety so that the accidents that do occur a r e  
not catastrophes. 

The most serious possibility is that the core  of a large reactor  
might overheat so severely as to vaporize i ts  material  completely. If 
the vapor were released to the a i r ,  i t  would spread disastrous quanti- 
t ies of radioactivity over thousands of square miles. Such an  accident 
is highly unlikely in  a properly designed reactor.  

Nevertheless, the ba res t  chance of i t s  happening in a highly popu- 
lated a r e a  i s  intolerable. Until advances in reactor technology substan- 
tially reduce potential hazards ,  reac tors  located in  these regions should 
b e  enclosed in sealed buildings, strong enough to withstand the p re s su res  
developed by the expanding vapor. 

Also, the effects of accidental power-surges on a reactor should 
b e  more  thoroughly investigated, and better means of controlling them 
developed. 

Accidents in  handling and transporting radioactive mater ia ls  may 
b e  quite serious where they happen, but they should not affect a wide 
a rea .  The contaminated section can always be cleaned up. 

I t  appears  that nuclear reac tors  can be used with reasonable 
safety to power ships. 

Plans for using reac tors  in  locomotives and commercial a i rcraf t  
a r e  not yet advanced enough so that the consequences of accidents can 
b e  foreseen. 

Conclusion 

I t  is c lear  that the safe and rational growth of a nuclear power 
industry involves more  than.des-igning individual plants. The presence 
of a single large installatiot): hn be felt, in various ways, over a wide 
region. Obviously, i t  wil1"xiot do to let nuclear plants spring up ad  lib, 
over the earth. 
ful, integrated planning. A large pa r t  of the information that is needed 
to make intelligent plans is not ye t  a t  hand. 
to acquire i t .  

The development of atomic energy is a mat ter  for  care-  

There is not much time left 
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