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This high-altitude balloon is being prepared for launching at Good­
fell~w A ir Force Base in Texas. The balloon carries air-filtering 
devlces 10 coiled atmospheric particulate sa mples, which are 
analyzed for various radionuclides. This in/or mation is useful in 
interpreHng movement oj radioactive debris from its POi/it oj in­
jection into the atmosphere to its deposition on the earth's surface. 

F~ FROM NUCLEALJREI 
By C. L. Comar 

INTRODUCTION 

The word "Fallout," destined for the vocabulary of all 
men, was coined in 1945. It refers to the radioactive debris 
that settles to the surface of the earth following nuclear 
explosions. Since most organisms living on earth can now 
be eXJX)sed to detectable radiation from a single nuclear 
exploSion, there naturally has been great interest in the 
possible effects of fallout on living creatures, including man. 

Apprehension and a degree of controversy have resulted 
from lack of knowledge of the nature of fallout, from its 
association with nuc lear armaments , and the involvement 
of personal convictions. This booklet is intended to increase 
understanding by presenting information about fallout gained 
by scientists in recent years . It will summarize the im­
portant findings on which there is general agreement and 
indicate the areas of disagreement and those requiring 
further study. It is hoped this information will be useful as 
a basis for personal understanding of this difficult present­
day problem. 

1 

This high-altitude balloon is being prepared for launching at Good­
fell~w A ir Force Base in Texas. The balloon carries air-filtering 
devlces 10 coiled atmospheric particulate sa mples, which are 
analyzed for various radionuclides. This in/or mation is useful in 
interpreHng movement oj radioactive debris from its POi/it oj in­
jection into the atmosphere to its deposition on the earth's surface. 

F~ FROM NUCLEALJREI 
By C. L. Comar 

INTRODUCTION 

The word "Fallout," destined for the vocabulary of all 
men, was coined in 1945. It refers to the radioactive debris 
that settles to the surface of the earth following nuclear 
explosions. Since most organisms living on earth can now 
be eXJX)sed to detectable radiation from a single nuclear 
exploSion, there naturally has been great interest in the 
possible effects of fallout on living creatures, including man. 

Apprehension and a degree of controversy have resulted 
from lack of knowledge of the nature of fallout, from its 
association with nuc lear armaments , and the involvement 
of personal convictions. This booklet is intended to increase 
understanding by presenting information about fallout gained 
by scientists in recent years . It will summarize the im­
portant findings on which there is general agreement and 
indicate the areas of disagreement and those requiring 
further study. It is hoped this information will be useful as 
a basis for personal understanding of this difficult present­
day problem. 

1 



FROM EXPLOSION TO DEPOSITION 

Some basic concepts 

Nuclear explosions result from the fission process" or 
from a combination of fission and fusion processes . In fis­
sion the nuclei of heavy atoms , such as uranium or pluto­
nium, are split; in fusion the nuclei oftwo light atoms, such 
as hydrogen, are combined . Both processes involve the loss 
of mass, which is converted to energy. Bothproduce gamma 
radiation, neutrons , and great quantities of heat. In addition, 
fission produces radioactive fission products. Before the 
relation of all these to fallout can be discussed meaning­
fully, some definitions are in order . 

We will be concerned with the power or yield of nuclear 
explosions. This is expressed in terms of energy r eleased 
as compared to that released by the chemical exploSive, 
TNT. For example , a one-kiloton nuclear device is one that 
produces the same amount of energy as does one kiloton 
(1000 tons) of TNT; a one-megaton device produces the 
same amount of energy as one million tons of TNT. 

The basic phenomenon that causes concern in relation to 
fallout is radiation. Radiation is the transport of energy. 
This transport may occur without material carrier as in • 
the radiation of light rays from sun to earth or from desk 
lamp to desk. Alternatively, the energy may be carried by 
partic les of atomic or subatomic size. The type of radiation 
we are concerned with, which can involve either mode of 
transport, is of a special nature in thatit carries relatively 
large amounts of energy and has specific effects on biolOgi­
cal materials. 

The t erm radioactive describes the nuclei of certain spe­
cifi c elements that are unstable and undergo spontaneous 
diSintegration; the property these nuclei possess is called 
radioactivity. The terms radioactive elements , radiOllu­
elides or radiOisotopes are used to describe radioactive 
materials; nuclides are atomic forms of elements; isotopes 
are the various forms of the same element . t 

• For a n explanation of nuclear fission, see Our Atomic World and 
Nuclear Reactors, companion booklets in this series. 

tFor definitions of other unfamiliar words, see Nuclear Terms, 
A Brie! Glossary, anothe r booklet in this series . 
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Radioactivity liberates energy in the form of one or more 
types of radiation called alp/la, bela, or gam ma rays. 
Alpha rays consist of fast-moving helium nuclei that arise 
from the radioactivity of heavy elements, such as radium, 
uranium, or plutonium. Beta rays are streams of high 
speed electrons that can arise from the diSintegration of 
any radioactive nuclei. Gamma rays ar e a penetrating type 
of radiation emitted by the nucleus of a radionuclide when it 
disintegrates. They are similar to X rays and ordinary light 
but are usually much more energetic. 

Neutrons are particles that, along with protons , serve as 
basic components of an atomic nucleus . Neutrons travel out­
ward from a nuclear explosion with high velocity and can 
then react with materials in the vicinity to make them ra­
dioactive. Materials made radioactive in this way are called 
activation products. In nuclear weapons experiments they 
may include radioisotopes of iron and zinc from towers 
supporting the atomic devi ce . Perhaps the most important 
activation product from atmospheric nuclear explosions is 
radioactive carbon (ca rbon-H), formed from the reaction 
of neutrons with nitrogen atoms in the atmosphere. 

In the fission process heavy atoms, such as uranium or 
plutonium, can divide in anyone of 40 or more ways, leading 
to the production of 80 or 90 different primary radioactive 
products. All these undergo radioactive disintegration.ln so 
dOing some produce radioactive daughters. Thus, the mix­
ture resulting from a fission explosion may consist of about 
200 radioactive species of materials. Both the primary 
products and the daughters are generally referred to as 
fission products. 

How fallout is generated in an explosion 
In a nuclear explosion tr emendous quantities of heat are 

produced in a re latively small quantity of matter within a 
few thousandths of a second. The caSing and other struc­
tural parts of the exploded device, as well as the fission 
products and surrounding ai r, are raised to a temperature 
approaching that in the center of the sun, probably several 
million degrees. In such heat all materials a re vaporized 
during the first few thousandths of a second. The high t em­
perature creates what is known as a fireball , which expands 
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rapidly, heating material in its vicinity, and then rises 
above the explosion paint. Thus, right at the outset a nu­
clear explosion creates a mixture of gas es, melted nuclear 
fuel, and perhaps some partially melted environmental 
materia ls . As the fireball cools the melted materials be­
gin to solidify, and the gaseous materials condens e and 
solidify. This prOduces the debris that is destined to fall 
back to earth. (It should be emphaSized that the above does 
not apply to explosions conducted underground, which 
produce little or no fa llout.) 

Local and worldwide fallout 

The characteristics of fa llout resulting from a specific 
explosion are determined by two main factors: The height 
of the burst and the size Or power of the explosion. 

As far as height is concerned, the signifi cant distinction 
is whethe r or not the bUrst occurs at so Iowan altitude that 
large quantities of soil or water are sucked up into the hot 
fireball . If so, condensation takes place on this material, 
and comparatively large and heavy particles or droplets 
with their attached radioactive material fall to earth re la­
tively soon. This is called local or early fallout and takes 
place in the first 24 hours after the explosion. 

Bursts that occur at so great a height that dirt or water 
is not sucked up into the fireba ll produce little or no local 
fa llout. Instead, the contaminated parti cles condense in 
very small, relatively solubl e particles. These are widely 
dispersed and descend to ea r th ultimately as pa rt of what Is 
called worldwide or delayed fallout. Worldwide fa llout is 
further subdivided into tropospheric and stratospheric fall­
out. 

Behavior of worldwide fallout in the atmosphere 

The distinction between the two types of worldwide fall ­
out requires some consideration of processes in our atmo­
sphere. 

If you were to proceed directly upward from any point on 
the earth's surface, measuring the air temperature as you 
went, you would find that the ai r temperature first de-

• 

creases with increased altitude . All at once it would be­
come constant or even begin to increase. The level where 
this sudden discontinuity occurs is called the tropopause. 
From the earth's surface to the tropopause-a r egion of 
turbulence and rapid mixing-is the troposphere. This is 
the zone where ourweatherisformed, and our c louds, r ains , 
and mists occur. Above the tropopause is the strato spllere 
where there is only slow vertical mixing but no turbulence. 
The tropopause OCCurs at about 50,000 to 60,000 feet in the 
tropics and at about 30,000 to 40,000 feet in the middle and 
polar latitudes . Movement and mixing between the strato­
sphere and the troposphere are most active in the regions 
of t he tropopause gaps, which are discontinuities between 
the pola r and tropical tropopauses. 

Detonations of low- yield devices (of a few hundred kilo­
tons or less) at or near the surface of the earth project 
their fission products no higher than the troposphere. 
Tropospheric fallout is washed down by rain or snow within 
a pe r iod of 1 day to 4 weeks. Since winds travel mainly 
in a west- east direction, tropospheric fa llout reaches the 
earth in an irregular band roughly centered at about the 
same latitude as the detonation. 

Measuring fallout concentrations in rainwater at one of ]40 AEe 
collection stationsaroulld the world. Rain drains into iOIl-exchallge 
column (right) fro m roof-top fUlwet. 
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PATTERNS OF GLOBAL FALLOUT MOVEMENT 

• • • • • • • • • • • • • 
• • • • 
• • • • • • 

Figure 1 The arrows in the diagram should be interpreted as 
representing the ultimate movement of debris that occurs only 
after constant mixing by random eddies, and not as simple one­
u!ay circulation. 

High-yield explosions (those measured in megatons) pro­
pel their fission products into the stratosphere. Meteorolo­
gists do not agree about exactly how, when, and where these 
radioactive particles descend irom the stratosphere (in 
which mixing is minimal and precipitation nil) to the tropo­
sphere and then to the earth. Figure 1 pres ents, however, a 
simple diagram that conforms to the facts as they ar e now 
understood. It shows that debris injected into the strato­
sphere in the regions near the equator mOves slowly toward 
both poles, but principally toward the pole of the hemi ­
sphere (northern or southern) in which the detonation oc-

• 

curs. Months or years later it des cends into the tropospher e 
near the gap in the tropopause; this sinking (or vertical 
mixing) is accelerated in late winter or early spring and by 
some kinds of weather. 

The experience from tests carried out so far supports 
this conception. Most of the nuclear testing was done in the 
Norther n Hemisphere. and the greatest fallout occurred in 
the temperate latitudes of the Northern Hemisphere . Also 
there has been increased fallout in the late winter and early 
spring. Relatively rapid deposition occurred afte r Russian 
tests that were conducted north of 50 degrees latitude. On 
the basis of this experience, the half-residence time '" fo r 
debr is injected into the lower polar stratosphere is believed 
to be less than one year and to be dependent on the season 
of injection. Fallout from United States and British testing, 
which was done mainly at tropi cal latitudes, has come down 
much more slowly than that from Russian tests . The haU­
res idence time in the equatorial stratosphere is now be­
li eved to vary from about 1 year, fOr debris injected into the 
lower levelS, to 5 years or more. for debris injected into 
higher levels. 

To summarize. then. we find that types of fa llout can be 
classified on the basis of time following detonation re­
quired fOr it to reach the ea rth: 

CLASSIFICATION TIME REQUIRED 

Local or early fallout Minut.el to 1 d., 
\\brldwlde or delayed fallout: 

Tropospberic fallout 1 day to 1 moatb 
Stratospheric fallout Up to 5 ,ears or more 

Effects of local fallout 

The nuclear cloud containing the particles that will 
descend as local fallout is carried by the wind in directions 
and speeds depending on the size of the particles and air­
circulation patterns at various altitudes. Most of the parti­
cles fa ll out under the cloud as it moves along. They are 

"" Half- r esidence time Is the time r equired for half the debri s to 
be transferred downwar d from the stratosphere to the earth. 
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Fission-/1Yoduct cOllcelltratiOIlS in ground-level air are measured 
at 15 stations at the same longitude, at intervals from Greenland 
to the southern tip of South America. From these measurements 
the mixing of fissioll debris in the atmosphere at differellt latitudes 
is studied. Tllis photo sholos a sampler 011 the roof of the AEC's 
Health and Safety Laboratory in New York City. This sampler 
filters dust from 10,000 cubic meters of air each week. 

Materials filtered from air are examined for radioactivity in labo­
ratory shown in this photo. Gamma radiation is measured with a 
sodium-iodide detec tor and electronic analyzer. LAter the mate­
rial is analyzed radiochemically. 

• 

subjected to furthe r movement by the winds as they descend. 
Local fallout may begin near the detonation point in 5 min­
utes or less (from very low yield surface bursts ), or it may 
not begin fOr 30 minutes or more (from high yie ld bursts ). 
It may travel up to several hundred miles downwind in 
times ranging up to 24 hours. Thus, there can be consider­
able damage to llfe from local fallout in areas far removed 
from the effects of blast and fire. 

The longer the time required for descent, however, the 
less the damage is likely to be. The reason for this is that 
all radioactive material loses its radioactivity with the 
passage of time by a process of disintegration or decay 
through which it ultimately becomes nonradioactive. The 
time taken for half the atoms in any quantity of a given 
radioactive material to disintegrate is known as that mate­
rial's half-life. Half-lives vary from less than a millionth 
of a second to millions of years, according to the isotope 
concerned. 

Local fallout consists mainly of a mixtu re of about 200 
radioactive fission products each with its characteristic 
hali-life . The radiation from any amount of local fallout 
continually decreases with time. As a rule of thumb it can 
be stated that for every seven-fold increase in time after 
the explosion the radiation decreases ten-fold. For exam­
ple, assume that local fa llout reaches a place 1 hour after 
the explosion and that its intensity at that time is measured 
as 100 units; 7 hOUrs after the explosion the level will have 
fallen to about 10 units, and 49 hours after the explosion to 
about 1 unit. This accounts (or the recommendation by 
civil defense experts that one should remain shielded from 
local fallout as long as possible. 

Human beings exposed to local fallout must be concerned 
about the gamma radiation given off by the larger, coarse 
particles. These particles settle on surfaces, such as the 
ground, roofs, and trees, but do not enter enclosed spaces, 
such as houses Or shelters, to any appreciable degree. 
Nevertheless , the gamma radiation from the particles can 
penetrate ordinary enclosu res, and cons equently very dense 
shielding is required to protect against it. 

Those in a local fallout area also must avoid additional 
dangers from the possibility of exposed skin being burned 
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by beta radiation, and must be sure not to take any fallout­
contaminated air, food, or water into their bodies . In a nu­
clear war these dangers would be very grave. 

Those responsible for nuclear tests have located test 
s ites in places far removed from human habitation and 
have selected test times with due attention to weather con­
ditions. Consequently, the local fallout from tests has pro­
duced relatively little hazard to human beings. 

The principal conce rn regarding fallout from tests has 
properly been focused on worldwide fallout. Most of what 
we have to say in the remainde r of this booklet will, ther e­
fore, relate to worldwide fallout. 

WHICH RADIONUCLIDES ARE IMPORTANT? 

Of the 200 or so radioactive nuclides produced in the fis­
s ion pr ocess, only a few are known to represent a possible 
hazard to man through their appearance in fallout. Whether 
or not an individual radionuclide can be hazardous depends 
on several factors: 

AMOUNT PRODUCED Obvious ly, the less there is of a 
given radionuclide, the less the potential hazard from it. 
The atoms produced most frequently are those with atomic 
weights between 80 and 108 (strontium- 90 is in this group) 
or between 126 and 154 (cesium-1 37 and iodine-1 31 ar e in 
this group). 

RADIOACTIVE HAlF·LlFE The half-life of a specific r adio­
nuclide is the time r equired for one- half of it to undergo 
r adioactive decay. Short-lived radionuclides predominate 
in local and tropospheric fallout. Radionuclides with inter ­
mediate half-lives such as s trontium-89 (half-life of 51 
days) can be important in the case of tests conducted in 
polar latitudes, because of the relative l y short half­
residence time of the debris in the stratosphere . In other 
stratospheric fa llout , which is relatively s low in coming to 
earth, long-lived radionuclides are of most significance. 

EFFICIENCY OF TRANSFER TO MAN The pathway by which 
radionuclides move into the body of man varies with the 
r adionuclide and the circumstances of contamination. For 
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example , some fallout radiostrontium may be deposited 
directly on the surfaces of plants that are commonly eaten 
by man; in this instance the food chain is simply plant-to­
man. In other cases, the movement may be from soil to 
plant tissue to edible animal tissue to man. In the soil, the 
plant, the animal , or the man, metabolic barriers may pre­
vent the radionuclide from reaching damaging locations. 
For example, some "rare earths" occur frequently as fis­
sion products, but their absorption from the gastrointestinal 
tract is so small in man (and animals) that these elements 
are of little imlXlrtance in the food chain. Any unfissioned 
uranium or plutonium would likewise be poor ly absorbed .• 

METABOLISM IN THE BODY The r adiat i o n dosage de­
livered to the body by long-lived radionuclides deposited 
internally is directly proportional to the length of time that 
the radionuclide is r etained. Thus, strontium- 90, which is 
deposited in bone, like calcium, is r emoved s lowly and is 
potentially more hazardous than cesium-137, which is 
depos ited in soft tissues and is removed fairly rapidly. 

The damage that a r adionuclide can do may also be in­
creased if it is concentrated in par ticular tissues. For ex­
ample, practically a ll of the iodine- 131 retained in the 
body is concentrated in the thyroid gland. 

Based on these factors , the radioactive materials found 
in weapons-test fallout most likely to represent significant 
hazards to man are iodine-131, strontium- gO, strontium-
89, cesium- 137, and carbon - H. 

PATHWAYS TO MAN 

Numerical relationships 

Various units of measure have become customary for ex­
pressing the quantiti es of radioactive materials in the suc­
cessive steps from nuclear explosion to deposition in man. 
In order to make clearer the relative magnitudes expressed 
by these units we have attempted to relate them in sequence 

,oSuch poorly absorbed radionuclldes may. under some circum­
stances. enter the body by inhalation or contribute significantly to 
the external gamma radiation, and so be hazardous . 
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FII.ure ,2 These relationships are shown primarily to illustrate the 

untls mvolved and .they vary from time to time with conditions. 
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diagrammatically, using strontium-90 as an example (Fig­

ure 2). 
As indicated earlier. the yield of an explosion is mea­

sured in terms of the tons of TNT that would have an equal 

explosive effect. The total yield of all nucl ear weapons ex­

ploded prior to the signing of the Test-Ban Treaty in 1962 

is estimated at 511 megatons. 
The total amount of fission products released in the 

production of 1 megaton of energy by nuclear fission is 

called 1 megaton fission yield equivalent. Since a nuclear 

device may produce a substantial fraction of its energy by 

fUSion, the fission yield is frequently substantially less 

than the total yield. Thus, the 511-megaton total yield ex­

ploded prior to the treaty produced 193 megatons of fission 

yield equivalent. · 
Amounts of radioactive material are measured in terms 

of a unit call ed the curie, which represents the rate at 

which the radioactive substance disintegrates and gives off 

alpha or beta particles. One curie was originally defined as 

the number of atomic disintegrations occurring per second 

in a gram of pure radium, but it is now established as an 

amount of radionuclide that undergoes 37 billion dis integra­

tions per second. It is estimated that 1 megaton fission yield 

equivalent produces about 0. 1 megacurie of strontium-90 

(1 megacurie is 1 million curies). Thus, about 19.3 mega­

curies of .oSr were produced from the 193 megatons of fis­

sion yield equivalent produced in tests through 1962. 

The amount of 90Sr settling to earth is expressed in 

terms of millicuries per square mile (1 millicurie is one­

thousandth of a curie). Under the conditions of testing 

through 1962, the 19.3 megacuries of 90Sr that were pro­

duced resulted in an average level of about 140 millicuries 

of "Sr per square mile in the United States in 1965. 

The amount of 90Sr appearing in food and human bone is 

usually expressed in terms of picocuries per gram of cal­

cium. (One picocurie, pc, a lso known as a micromicrocurie, 

is one million-millionth of a curie; 10-12 curie.) The 

amount of IOSr produced in tests through 1962 gave rise to 

*The fission yields of all U.S., U. K. ,and U. S. S. R. atmospheric 

tests, by testing period, are shown in Figure 3, 
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FI SSION YIELDS OF NUCLEAR EXPLOSIONS 

MIO." OMS 
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TOTAL TH ROUGH 1962 

U.S. & U.K. - 82 

_ U.S.S.R. - 111 

.. 

1945- 51 1952- 54 1955- 56 1957-58 1961 

Filure 3 

1962 

about 25 picocur ies of sOS r per gr am of calcium in total diet 
and about 6.0 picocur ies of !OSr pe r gr am of calcium in 
bones of childr en in the United States in 1965. 

Movement of radionucl ides 

. Radioactive mate rials in fallout reach the human popula ­
h an primarily in food, following a number of alternative 
pathways. The r e a r e several ways in which plants can be­
come contaminated di r ectly from the atmospher e. Fission 
products can s ti ck to leaves, fruits or s eeds. Radioactive 
mate ri al washed down by rain can be absorbed by basal 
pa rts and surface roots of plants . Heavy r oot mats can t rap 
fallout and make it available to the plant. 

14 

Radioactive materia ls also can enter the soil and move 
into plants through the roots , jus t as any s oil nutr ient does, 
but fo r several reasons thi s process is inefficient. For one 
thing, r adioactive substances may be diluted on entering the 
soil or may become unavailable to plants by being fixed to 
soil minerals. Furthermore , fi s sion pr oducts in the soil 
move very s lowly; this fact has two important consequences; 
Crops with s urface roots tend to absorb most of the radio­
activity, and most s hor t- lived radionuclides lose their 
radioactivity before they can be absorbed. 

Whethe r the pathway to man of any radionuclide is via 
su rface contamination of plants or via the soil has a direct 
bearing on the amount found in food at any particular time. 
In the forme r case the amount vari es directly with the rate 
at which fallout settles. We call the pathway of such a ra­
dionuc lide fallQut-'Yote dependent. 

If the pathway is via the sOlI the amount of the radionu­
clide in food is cumulative, incr easing whenever the re is 
any fa llout; even if the fa llout rate becomes zero the 

A biologist studies the root dist ribution of plants by injecting radio­
nuclides into the soil alld measuring plant uptake. 
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amount of this radionu clide in food does not decline sharply. 

Rather, it tends to level off, decreasing only gradually as 

radioactive decay and fixation in the soil take place. The 

pathway of such radionuclides is called cumulative de­

pendellt. 

Radionuclides in or on plants may reach man dir ectly by 

his consumption of foods of plant origin, or indirectly 

through his consumption of animal products. Grazing ani­

mals effectively collect contamination from plant material 

and concentrate it. Various factors, such as the metabolic 

behavior of specific nuclides and animal feeding and man­

agement practices, influence the relationship between the 

amount of radionuclides eaten by the animal and the amount 

deposited in its tissues and in secretions such as milk , , 
which are used fOr human food. 

Man can also receive radioactive contamination from 

fisheries' products, but these are not important contributors 

of radioactive contamination to the human diet. 

It is now time to cOnsider the specific pathways followed 

by the most important radioisotopes found in fallout. 

lodine·131 

Iodine- I 3I, which has an 8-day half- life, is the radionu_ 

clide that produces the greatest radiation exposures within 

a short time (up to several weeks) after a nuclear detona-
ti~ Th ' . b 13 1 . 

n. IS IS ecause 1 IS produced by nuclear exploSions 

in relatively large amounts, is transmitted efficiently 

through a food chain, may be depOsited in a spotty pattern 

with areas of high contamination, and is concentrated within 

the body in a small gland-the thyrOid. 

Iodine- 131 is of significance primarily in local Or tropo­

spheric fallout; almost all 1311 injected into the stratosphere 

disappears by radioactive decay before it can be returned to 

earth. LikeWise, the 1311 that r eaches the Soil will decay 

before it can be taken up through the roots of growing food 

plants and be transmitted to man. 

The pathway of 1311 through the food chain is shown in 

Figure 4. It is depOSited on the surface of vegetation that is 

eaten by dairy animals , and is then secreted into milk, 

through which it reaches man. 
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Figure 4 

Man is also exposed to 1311 through his consumption of 

fruits and vegetables . Exposure via this pathway is minor, 

however , compared to that via dairy animals, because the 

surface area of fruits and vegetables consumed by a man is 

very small compared to the surface area of vegetation 

grazed by an animal, and because the contamination on fresh 

fruits and vegetables eaten by men usually is removed by 

washing or peeling. 
Man also inhales some 1311, but this route of exposure is 

relatively unimportant. 
It is apparent then that only one item of the diet, fresh 

" .• 131 
milk, is an important source of contammatlon from 1. 

Very few measurements of milk were made to find levels 

of 1311 resulting from nuclear tests prior to 1957, and only 

limited studies were made during 1957-59. After the 1311 

from the 1958 tests CO'Jld no longer be detected, none was 

found until Russia resumed testing in 1961. Average mea-
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A technician conducts radiochemical analysis of milk samples at a 
laboratory in Montgomery, Alabama. 

surements of 131 1 in milk in relation to testing periods since 
196 1 are shown in Figure 5. Note how rapidly the leve l re­
sponds to resumption or cessation of tests . 

It must be noted that the levels charted r epresent monthly 
averages for the entire United States and that there were 
wide variations from one section of the country to another . 
Both in the autumn of 1961 and in the summer of 1962, for 
example, average monthly values exceeding 700 picocur ies 
of 1311 per liter of milk we r e obse rved at some collection 
stations . Daily values we r e obse rved as high as 2000 pico­
curi es of 1311 per liter at some s tations , and it is possible 
that individual dairy he rds had maximum daily levels two to 
fou r times as great as the area average . 

After the cessation of tests late in 1962 the widespread 
1311 levels in milk rapidly decreased and remained at non-
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AVERAGE LEVEL OF 13'1 IN MILK IN THE U.S. 
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detectable levels . Ther e is suggestive evidence that some of 
the 1311 observed in the United States starting in the fall of 
1961 may have originated in the escape of radioiodine from 
unde rground explosions at the Nevada Test Site. 

Strontium-90 

Two radiOisotopes of s trontium are produced by nuclear 
explosions: Strontium-90 with a half-life of 28 years , and 
s trontium-89 with a hall-life of 51 days . P articular atten­
tion is a lways paid to 90Sr because , of all r adionuclides , it 
rep resents the greatest potential long-term hazard; in the 
body, it moves with calcium and is incorpor ated into bone, 
where, because of its long half- life , it remains as an inter-

,. 

A technician conducts radiochemical analysis of milk samples at a 
laboratory in Montgomery, Alabama. 

surements of 131 1 in milk in relation to testing periods since 
196 1 are shown in Figure 5. Note how rapidly the leve l re­
sponds to resumption or cessation of tests . 

It must be noted that the levels charted r epresent monthly 
averages for the entire United States and that there were 
wide variations from one section of the country to another . 
Both in the autumn of 1961 and in the summer of 1962, for 
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curi es of 1311 per liter at some s tations , and it is possible 
that individual dairy he rds had maximum daily levels two to 
fou r times as great as the area average . 

After the cessation of tests late in 1962 the widespread 
1311 levels in milk rapidly decreased and remained at non-
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nal source of radiation. * Much of what we will say about the 
behavior of 90SI', however, applies as well to 89Sr. 

Figure 6 shows that 90SI' r eaches man primarily through 
his consumption of dairy products and foods of plant origin. 
Both surface contamination of plants (fallout-rate dependent) 
and contamination of the soil (cumulative dependent) are in­
valved. The r elative importance of these two routes varies 
with time, because of the influence of the amount of testing 
on soil contamination. In some ar eas in 1958 as much as 
80% of the ,0Sr in food originated as surface contamination. 
As testing ceases, however, the fallout rate drops, and the 
soil reservoir makes a greater re lative contribution. Ex­
amples of this situation were observed in 1960 and 1965, 

·Ha lf of any quanti ty of IDSI' taken into the body will r e main ra­
d ioact ive a fte r 28 year s; half of the amount rema ining at 28 years 
will e mit radiation for the next 28 yea r s , and so on. 
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during testing moratOriums when the gener al level of 90SI' 
in food dropped slowly because of the lessened contribution 
from the surface route. 

The movement of s trontium radionuclides from soil to 
man is interre lated with and to some extent governed by 
the simultaneous movement of calcium. For this reason 
l evels of 90SI' ar e often expressed in terms of strontium 
Ull its (picocuries of 90SI' per gram of calcium). 

In assessing the 90S I' hazard, the total intake of both tIISr 
and calcium must be taken into account. For any single food 
two factors must be considered: How contaminated it is with 
90SI' and hOw much calcium it contributes to the diet. Far 
example, consider two foodstuffs, A and B: A contains 10 
strontium units and contributes 0.1 gram of calcium to the 
diet in a given time; B contains only I s trontium unit but 
contributes 1 gram of calcium to the diet in the same time. 
The potential harm from 90SI' in these two foods would be 
equal, each adding 1 picocurie to the di et, even though food ­
stuff A had 10 times as many strontium units as foodstuff B. 
Thus, one cannot judge the re lative 90SI' hazard in foods 
merely by comparing their strontium units; one must con­
sider the individual's whole diet, and its calcium content. 

Much r esearch has been done on the relative move ment 
of strontium and calcium in the food chain and on other 
factors governing the amount of strontium that will finally 
be deposited in the human population. This research has 
revealed two factors that serve to limit the 90SI' hazard. 

A technician analyz.es slrOlltium - 90 ill sa mples of food. 
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First, it is evident that calcium is prefe r entially utilized 
over sOSr in practically every step of the food chain from 
vegetation to human bone, thus providing a biological bar­
rier against sOSr. 

Second, it has been learned that the common practice of 
washing plant foods or discarding their outer layers serves 
as a mechanical barrie r against sOS r. 

Milk has been the most important single item used for 
analysis and evaluation of food contamination, including con­
tamination with sOSr, for s eve ral reasons: in the United 
States, dairy products are the largest source of dietary 
calcium; milk is produced regularly the year round; it is 
convenient to handle; it can be obtained from various geo­
graphical areas; and it contains the most important radio­
contaminants. It must be emphasized, however, that the 
study of milk as an indicator food does not mean that milk 
is a preponderant factor in determining total sOSr intake. As 
a matter of fact, because a dairy cow puts 10 times as much 
calcium as strontium into the milk in proportion to the 
amounts ingested, the calcium in milk will be the least con­
taminated of all food sources of cal cium. Thus, while dairy 
products supply about 75% of our dietary calcium, they con­
tribute less than 50% of the dietary sOSr. This is shown in 
data from the Atomic Energy Commission's Health and 
Safety Laboratory on the sOSr contribution of various foods 
to a typical U. S. diet in 1964: 

PICOCURIES PERCENT 
rOOD OF BOSr/DAY OF TOTAL 

Milk 15.5 47.6 
Flour and cereals 7.3 22.5 
Root vegetables 1.6 5 .• 
Leafy and other vegetables 3.3 10.1 
Fruits 2.3 7.2 
Meat. fis h. eggs 1.. 3.1 
Water 1.5 4.5 -- II --

Total 32 .5 100.0 

At present, the strontium units in milk do not vary greatly 
from thos e in total diet. The trend in levels of sOSr contami­
nation is well indicated by these averages for strontium 

22 

'} 
) 

] 

units in milk from New York City, obtained a lso from the 
Health and Safety Laboratory: 

1954 1.4 1958 7.6 1 1962 12.1 
1955 2.7 1959 11.0 1963 25.6 
1956 3.' 1960 8 .• 1964 23.2 
1957 4.5 1961 6.7 I 

Note how the levels decreased in 1960 and 1961, showing 
the effect of the test moratorium, and increased again in 
1962 and 1963 showing the effect of the 1961 and 1962 tests . 

Perhaps the most important information r equired for 
assessment of the exposure of the population to 90Sr comes 
from direct analysis of human bone. Numerous studies have 
been made, both in the United States and abroad, utilizing 
bone samples from the bodies of persons who have died. 
The most meaningful values have come from analysis of 
bones of children up to about 4 years of age; * contamination 
of older persons is generally low because of dilution with 

A chemist separates strontium-90 as a strontium carbonate solu­
tion from a solution prepared f rom milk ash. StrOIl/iuIII must be 
che mically separated prior to counting. 

" This is because young children form new boneas a part of their 
growth. and therefore make more us e of calcium, and any strontium 
isotopes associated with it, than older persons . 
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bone of low 90Sr content formed in earlie r years. Enough 
samples have been studied so that there is reasonable con­
fidence in the results. Moreover, there has been general 
agreement in results obtained by various laboratories, and 
th e values in bone have been quite close to thos e expected 
from knowledge of the behavior of calcium and strontium, 
and of the values found in the diet. For example, in the New 
York City area strontium units in the bones of young 
children averaged 2.1, 2.7, 2.4, 3.1 , 3.3, 5.6, and 6.2 for 
the years from 1958 to 1964, respectively. These values 
are about one- fourth of the strontium- calcium ratios of the 
diet as can be inferred by comparing them with the stron­
tium- unit values fOr milk. This is consistent with the 
findings that the strontium- to- calcium ratio in human bone 
is about one-fourth of that in the diet. 

Cesium-137 

Cesium- 137 has a hali-life of 30 years and behaves in 
biological systems much as potassium does. Figure 7 il­
lustrates the behavior of 137CS in the food chain. It is im­
portant to note that cesium tends to be retained in soils, so 
that very little is available to plants through their roots. 
Therefore, direct contamination of plant materials (which 
are fallout-rate dependent) has provided the mostimportant 
l31es pathway to man. 

The potential biological effect of mCs is much less than 
that of 90Sr because 13'/CS is removed from the body mare 
rapidly. It is estimated that it takes only 70 to 140 days to 
eliminate about 50% of the I3?Cs that may be in the human 
body at a given time, 

Data for 1964 indicate that about 35% of the 137CS in the 
human diet in the United States comes from milk, 25% from 
meat, 20% from flour and cereals, 10% from vegetables, and 
10% from fruits, 

Since I3'ICs gives off gamma rays, it has become possible 
to measure the amounts of it in normal human beings by 
use of sensitive detection instruments known as "whole body 
counters," * The person to be examined is placed within a 

""For more information, see Whole Body Counters, another book­
let in this series . 
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steel room to shield out natural radiation; within a few 
minutes, readings can be obtained on the total amount of 
cesium-1 37 and also of naturally radioactive potassium 
present in the subject's body. In 1959- 60, values from 
hundreds of individua ls in the United States and West Ger­
many averaged about 60 picocuries of cesium- 137 per gram 
of potassium. This decreased to about 34 in 1961 and in­
creased to 40, 90, and 92, for 1962, 1963, and 1964, respec­
tively. The range of values for individuals was from about 
one- half to three times the average values. Additional 
studies of special populations, such as Eskimos. and Lap­
landers, have revealed levels considerably higher than the 
maxima in the other groups. 

Carbon·14 and other radionuclides 

Fission radionuclides other than strontium, cesium, and 
iodine are not known to contribute significantly to internal 
human radiation exposure from fallout. 
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But radionuclides can also be produced by activation with 
neutrons fo llowing a nuclear explosion. Of these, carbon- 14 
(half- life about 5800 years) is of the greatest importance. 
Carbon is an important constituent of living matter, forming 
the backbone of practically every biochemical compound. 
Since the earliest times, HC has been constantly created in 
the atmosphere by the action of cosmic radiation. As a com­
ponent of carbon dioxide it is utilized by plants in photo­
synthesis and thus becomes incorporated in all living things. 

The atmosphere, the terrestrial biosphere, humus in the 
soil, surface ocean waters, and deep ocean waters are all 
rese rvoirs of carbon. Carbon moves between these reser­
voirS at varying rates . A ca rbon dioxide molecule may 
descend from the atmosphere to earth in a few years, but it 
apparently takes approximately 1000 years for a carbon 
atom to be transferred from deep ocean water to the atmo­
sphere. The rates of exchange between reservoirs must be 
taken into account if one is to understand the movement of 
uc. 

The amounts of Uc in the human population can be esti ­
mated from measurements of the troposphere. The specifi c 
activity of Uc (amount of Uc per total carbon) in the popula­
tion will probably lag. by about a year, behind the specific 
activity in the atmosphere from which crap plants build food. 

It is estimated that the amount of t~c introduced into the 
dynamic carbon reservoirs by weapons testing in 1965 was 
almost double the amount of I~C that has a lways been pres­
ent naturally; this 70-to- 100% additional I~C is expected to 
fa ll to about 60% in 7 or 8 years, and to about 3% by the 
year 2040. 

There are some radionuclides that are mOre significant 
in r elation to seafoods than in the terrestrial foods be-• 
cause some marine organisms concent rate certain fission 
products, such as cerium-144, and certain activation 
products, such as zinc-65 , iron- 55, iron-59, and cobalt-60. 
The hazard from these sources, however, is insignificant. 
For example, measurements of zinc-65 and iron- 55 in 
fishery products from the Pacifi c Ocean, the most con­
taminated ocean, indicate that they contribute less radiation 
to someone eating them, even in large quantities, than the 
exposure from strontium-90. And 90Sr in seafood, you recall. 
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has been shown to be only a smaH fraction of the daily in­
take of 90Sr. 

In concluding our discussion of pathways by which radio­
contaminants reach man, it is of interest to compare the 
daily intake of various radionuclides, both natural and man­
made, during 1964: 

HADlONUCLlDE PICOCURIES/DA Y SOURCE 

PotassiuOl-40 2500 Natural 
Cesium - 137 90 Nuclear tests 
StrontiuOl-90 25 Nuclear tests 
CeriUOl-144 I' Nuclear tests 
Lead-210 4 Natural 
Radium-226 2 Natural 
Plutonium-239 0.1 Nuclear tests 

Of course, appraisal of possible biological effects on the 
population must take into account many other factors be­
sides the amounts of radionuclides ingested. Some of these 
factors are discussed next. 

BIOLOGICAL EFFECTS 

Thus far, we have been conce rned with amounts of radio­
active materials in the hUman diet. It is necessary now to 
go one step further and think in terms of radiation dosage 
actually reaching the tissues, since it is this that deter­
mines biological effects. In order to deal with this subject, 
we must review some terminology and basic principles. 

Units of measure 

The unit of absorbed radiation dosage is called the rad 
(radiation absorbed dose), which is equivalent to the ab­
sorption of 100 ergs of energy per gram of tissue . Another 
unit is the roentgen (r), which is based on the amount of 
ionization produced in the tissues . For our purposes the 
roentgen may be considered approximately equal to the 
rad. Still another unit used to take into account the relative 
biological effect of different types of radiation, is the rem 
(roentgen equivalent, man). For practical purposes , when 
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data are expressed in rerns, we can assume that the biologi­
cal effect is equivalent to that resulting (rom th.e same num­
ber o( r ads or roentgens of X rays or gamma rays . 

The following examples will place in perspective the 
meaning of the rad in terms o( biological effects: 

Man in his lifetime (70 years) re ceives 7 to 10 rads 
from the natural envi ronment. There is some belief that 
a very small portion of the number of cases of cancer 
and geneti c abnormalities can be attributed to this radia­
tion, but with our pres ent knowledge this effect is virtu­
ally imposs ible to ve rify. 

A (ew hundred rads of whole body irradiation delivered 
within a few days will kill any mammal. 

Several million r ads will sterilize food completely­
that is, kill all the microor ganisms on and in it. 

Somatic and genetic effects 

Radiation can affect either exposed individuals or their 
descendants. Effects on the exposed individuals them­
selves - such as induction of leukemia or bone tumOrs and 
shortening of life-are called somatic effects. Effects on 
exposed persons' offspring conceived after the exposure are 
called genetic effects. 

We will see later that human radiation exposure (rom 
fa llout is less than that from the natural environment. Fur­
thermore, the radiation dosage from (allout is for the most 
part delivered. over the entire lifetime ofthe individual. The 
importance of this is that a given exposure delivered over a 
long period of time produces less somatic effect than 
the same amount of radiation delivered instantaneously Or 
in a short period. A man exposed to a single bUrst of 600 
rads would probably die, wher eas if he received 600 rads 
over a lifetime, the effects would be scarcely noticeable, if 
they were at all. The reason is that the body has some 
capacity to r ecover from radi ation effects, if given time . 
There is evidence that genetic damage is Similarly de­
creased when r adiation dosage is spread over a long period. 

There is no direct evidence as to the effects of radiation 
at the low levels and long exposure times common to 
natural and fallout SOUrces. Studies that would give the 
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On March 1, 1954, f allout fro m a nucleardetollQUOIi at the PaCific 
Proving Ground was swept off us predicted course by ullexpected 
winds at high altitudes. Debris U"aS deposited on Rongelap. an in ­
habited aloll east 0/ Bikini. The istallders were evacuated, given 
care alld medical treatment all other aloils, ami re pa t ria ted in 
June 1 957 a/ler radialion had subsided 10 acceptable levels. The 
new buildings in the photograph were built by the U. S. Government 
jar the returning Rongelapese. 

required infor mation are practically impossible to conduct. 
They would require large numbers (millions) of experi ­
mental animals, long periods (decades) of time, and sensi­
tive criteria of damage, 

Since adequate evidence is not available, one has to de­
pend on inadequate substitutes, such as the health and 
longevity records of persons with many years of occupa­
tional exposure to radiation, including X- ray techni cians and 
r adiologists, and on vital statistics for populations living in 
areas where environmental radiation is greater than aver­
age. Such studies are being made, but as ye t there are no 
definite answers. 
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It ..... BIOLOGICAL SYSTEMS RESPOND TO RADIATlON.,.y .... '1 

1 Nonthreah0t4 Napo ... --,,,,, 

DOSE • 
Figure 8 

Threshold and nonthreshold response 

A fundamental question is whether there is a level of 
radiation exposure below which no harm results; this ques­
tion is also important fOr toxic chemicals and other agents. 
By plotting the doses against effects , as in Figure 8, an S­
shaped curve often is obtained, indicating the effect is zero 
until a specific dose (the threshold) is r eached. This is 
called a threshold response. Theoretically, any dose lower 
than the threshold would have no effect. It must be re­
membered, however, that if more sensitive methods be ­
come available for detecting the effect, the threshold may 
be lowered or even approach ze ro in which case no thresh­
old will be apparent. 

Another type of relationship is also possible: This is 
represented graphically by a s t raight line running through 
the o rigin. This is a linear or nonthreshold response and 
predicts that any dose, however small, will hav e a mea­
surable effect proportionate to its size . 

There is general agreement among scientists that genetic 
effects show a nonthreshold behavior; that is , that any dose 
of radiation will produce some genetic effect, although it 
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may be minor or delayed for generations . There is scien­
tific controversy as to whether somatic effects are thresh­
old or nonthreshold. 

It would seem prudent, in the interest of safety, to as­
sume that any amount of radiation will produce some mea­
sure of harm, both somatically and genetically, until there 
is evidence to the cont rary. This is, in fact, the assumption 
on which all official radiation protection guides for the gen­
eral population are based. 

Background and fallout dosages 

lf we assume that any a mount of radiation produces 
harm, then we must agree that the radiation from our 
natural environment must have been producing harm to 
mankind for centur i es. Perhaps this background radiation 
can serve as our best yardstick in attempting to estimate 
the harm that may come from fallout. 

Man is exposed to external radiation from cosmic rays 
and from natural radioactive materials in the ground, the 
ai r, and structures in whi ch he lives and works. The prin­
cipal sources of natural external radiation are uranium and 
thorium, the ir decay prOducts, and potassium-40. Man is 
also exposed to internal radiation from radionuclides al­
ways present in the body, such as potassium-40, carbon-14 , 
and members of the radium and thorium families. 

It is estimated that the typical radiation dosage to indi­
viduals from natural sources is about 0 .1 to 0.1 3 rad per 
year. In some areas of the World - parts of India and 
Brazil, for example-natural radiation exposure may be 
ten times that amount. It would be interesting to know the 
consequences of the higher dosages on the health of the 
populations involved, but studies that have been made of 
these peoples a r e incomplete and inconclusive. 

Nor can precise values be given for the absorbed radia ­
tion dosage from fallout. By using the same principles for 
estimating dosages from naturally occurring r adionuclides 
and from fallout, howeve r, we can make a valid comparison 
that will favor neither one no r the other. 

Table 1 on page 32 shows such a comparison. Values are 
give n for oone, bone marrow, and reproductive cells, Since 
exposures of these ti ssues are related, r espective ly, to in-
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Table 1 . 

AVERAGE RADIATION DOSES TO INDIVIDUALS IN THE 
UNITED STATES DURING NEXT 70 YEARS (ROENTGENS) 

Site 
From 

Background 
From Tests 

Through 1962 

Bone 9 0.46 
Bone marrow 7 0.22 

Reproductive cells ...... ",,,,,,*7=,,::====O:.':3== 
Source: Federal Radiation Council 

duction of bone cancer, leukemia, and genetic abnormalities, 
the most serious effects believed to be traceable to radia­
tion. The dosages given take into account exposure from 
radionuclides of strontium, cesium, and carbon. * 

It can be seen that the dosage from background radiation 
is at least 19 times the maximum estimate of dosage from 
fa llout. 

The next task is to estimate as best we can just how much 
harm such exposures can cause. 

Consequences 
The estimated numbers of cases of gross defects, leuke­

mia, and bone cancer that might result from radiation ex­
posure and other causes are shown in Table 2. 

The data indicate how great the uncertainty is as to the 
consequences of radiation exposure. They also indicate that, 
even if maximum estimates are accepted, the effects in­
duced by fallout are far less than those from other causes. 
The 1963 International Test- Ban Treaty considerably re­
duces the possibility of major additions to worldwide fall­
out. 

"Thyroid doses from I3lt are not includedbecausepeak dose rates 
persist only for a short time. Doses to the thyroid during and im­
mediately following periods of testing have been estimated to aver­
age between 0.1 to 0.2 r per year in infants and between 0.01 and 
0 .02 per year in all age groups . It is likely. however, that there was 
much geographic variation and that in some limited areas of the 
United States the average doses were many times the national 
a verage. 
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Ii Table 2 

ESTIMATED NUMBER OF GROSS DEFECTS, LEUKEMIA, AND 
BONE CANCER CASES IN THE UNITED STATES 

Causes 
other Caused by Radiation Time , .. " 

Conditions span radiation Backg'!"ound Fallout" 

Gross phySical and Children of persons 4,000,000 to no estimate 20 to 500 
mental defects now living 6.000,000 given 

Leukemia In next 70 years 840,000 o to 84,000 o to 2,000 
Bone cancer In next 70 years 140,000 o to 14 ~000 o to 700 

Source: Federal Radiation Council. 
*Tests through 1962. 

PREVENTIVE AND REMEDIAL MEASURES 

Should individuals change their dietary habits? 

We see from the foregOing tables that the biological ef­
fects of fallout do not appear to be significant compared to 
other risks of everyday life, but that there may well be 
some effects . The question then arises: Is the hazard so 
significant that individuals should modify their dietary 
habits in an attempt to reduce the intake of radioactive 
contamination? Experts agree this should 1101 be done. 
Since the risk from fallout at present levels is so lOW, the 
chance of doing harm by modification of diet far outweighs 
the chance of dOing any good. 

As far as the chance of dOing good is concerned, note that 
it is usually futile to try to reduce radioactivity intake sig­
nificantly by alterations in diet. An excellent example is 
presented by milk, which has been widely publicized as a 
carrier of strontium-90. ParadOxically, even though milk is 
the largest Single source of 90Sr in the diet, reducing milk 
intake tends to increase the body burden of 90Sr. This is be­
cause milk calcium is always less contaminated with 90Sr 
than plant calcium, and if milk intake is reduced the body 
gets proportionally more of its calcium from plant sources. 

But the most important consideration is the adverse nu­
tritional effect than can result from misguided action. This 
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A local health worker Picks up a gallon sam ple of raw milk in one 
of the farm areas mOllitQred by the Public Health Service. 

is illustrated dramatically in a letter received by a Federal 
agency: 

Dear Sir: 

.•• approximately six months ago. due to radiation fa llout, our 
three sons s topped giving thei r baby children cow's milk, in 
fact, any kind of milk . These kids range in ages from six 
months to three yea rs of age. Already they are beginning to 
s how the effects of the lack of milk in the ir diets ... 

Governmental remedial measures 

Although the present s ituation does not warrant action by 
individual s , there are actions that are approp riately being 
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taken by go vernmetll officials and scientists who are au­
thorized to assume responsibility in two interrelated areas: 
(1) The development of remedial or preventive measures to 
reduce the exposure of the population to radioactive con­
tamination, and (2) establishing the radiation levels at which 
the remedial measures would have to be placed in effect. 

It is prudent that knowledge be obtained and preparations 
made to cope with any foreseeable contingencies . The fact 
that such work is under way , however, should not be inter­
preted as meaning that existing conditions justify alarm. 

In general, any remedial measure, to be useful, must ful­
fill ce rtain requirements: 

(a) It must be effective, that is, it must r educe the amount 
of contamination. 

(b) It must be safe, that is, the health risk from its use 
must be less than that from the radiocontaminant. 

(c) It must be practical. 
(d) The responsibility for the application must be defined , 

In general this means responsibility is assigned to 
some unit of local, state, or national government. 

(e) The impact on the public must be considered; for ex­
ample, the measure should not be one that, by creating 
paniC, could lead to malnutrition. 

Remedial measures that have been proposed for iodine-
131 are cited below. Iodine-131 is selected as an example 
because, if remedial measures are ever required, they will 
be needed first for this r adionuclide. 

Remedial measures for i31I are re latively simple because 
of its short half-life, and because it reaches the public 
prima rily in a single identifiable food, milk. 

Measures proposed to be put into effect should nil in milk 
reach stipulated levels are: 

(a) Use of stored feed instead of pasturefor dairy cows . 
The practicability of this procedure depends first upon 
availability of stored feed at the needed time. The peak of 
1311 concentration in milk usually is reached within a few 
days after deposition. Unless ani mals are transferr ed to 
stored feed within that time, the procedure will be of little 
avail. Obviously the plans must be made ahead of time so 
that they can be put into effect promptly. 
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(b) Use of evaporatell or powdered milkJor young children 
and pYel:,'1wnt and lactating women. This would be effective 
in reducing dosage, but the r e undoubtedly would be a demand 
by other perSons who also would wish to stop using fresh 
milk. The feasibility of the measure would depend on avail­
able stores and production capacity for evaporated and 
powdered milk. 

(c) Use oj stored milk Pyod/lcts. The feasibility of Utis 
would depend upon the availability of sufficient stores of 
refrigerated , frozen, or canned milk.. 

(d) Pooling of milk. Theoretically, the 1311 level in milk 
from r egions of high contamination can be reduced by pool­
ing it with milk from r egions of low contamination. This 
would be difficult because of the need to assay milk supplies 
and the magnitude of the transporation pr oblems involved. 

(e) Additioll of stab le iodi'l e to human diet. Increased 
levels of s table iodine in the diet will reduce the abili ty of 
the thyroid to absorb IH I, However, the consensus of medi­
cal opinion is that this would create heal th r isks if followed 
on a population-wide basis . 

Strontium-90 decontamination is a much more difficult 
problem and as yet no preventive or remedia l measures 
have been proposed that fulfill the criteria of effectiveness, 
safety, and feaS ibility . Research is being continued, how­
.ever , into such possibilities as soil co ntrol , liming of soils, 
removal of IOSr from milk by ion exchange or me mbrane 
partition, and addition of stable calcium to dairy rations and 
hUman diets . 

When should remedies be invoked? 

It is necessary that an official body stipulate the level or 
range of radiocontamina Uon that wi ll signal the need to con­
Sider invoking preventive Or remedial action. 

In the United States this crucial and most difficult task 
has been ass igned the Federal Radiation Council. The 
Council was created in 1959 and includes repr esentatives 
from all national agencies with an interest in radiation. 
Its functions include advising the P resident on radiation 
matters affecting health, and giving guidance to all federal 
agencies in the formu lation of radiation s tandards. 

3. 

lodine-1 31 again is an appropriate example, since there 
has been conSiderable controversy about 1311 levels in m ilk. 
In 1961 , the Federal Radiation Council established an aver­
age daily intake of 100 picocuries of 1311, o r an annua l intake 
of 36,500 picocuri es as the upper level of so-called Range II, 
above which the application of control measures should be 
considered. Although the s e guidelines were presented with 
qualifications that r estricted their application to normal 
peacetime industrial operations, there s eemed to be an 
understanding in the minds of most individuals that they 
should also apply to fallout. • 

In the summer of 1962, concentrations of UtI in milk in 
some areas of the country approached the specified levels , 
and at least one state undertook to reduce 1311 levels in 
com mercial fresh milk by arranging for farmers to use 
stored feed instead of pasture for the ir herds. In response 
to this s i tuation the Federal Radiation Council issued an 
official s tate ment on September 17, 1962, f rom whi ch the 
fo llowing excerpts are taken: 

In some localities in the United States average annual intake 
values of radioactive iodine have approached the upper level of 
Range II, and, in one locality, have slightly exceeded Range II. 
This has led to actions and proposed actions involving counter­
measures or preventive health measures. The Federal Radiation 
Council does not recommend such actions under present Cir­
cumstances . 

The Counc il believes, based on competent scientific advice , 
that any possible health risk which may be associated with ex­
posures even many times above the guide levels would not re­
sult in a detectable increase in the incidence of disease. 

The Radiation Protection Guides are not a dividing line be­
tween safety and danger in actual radiation Situations nor are 
they alone intended to set a limit at which protective action 
should be taken. As applied to fa llout, guides can be used as an 
Indication of when there is need for detailed evaluation of possl­
bie exposure risks and when there Is need to consider whether 
any protective action should be taken under all the relevant cir­
cumstances . 

Radiation exposures anywhe re nea r the guides involve risks 
so slight that countermeasures may have a net adverse rather 
than favorable effect on the public well- be Ing. The judgment as 
to when to take action and what kindof action to take to decrease 
exposure levels involves consideration of all factors. 

·Guidelines for act ion specifically applicable to fallout con­
tamination have been developed by the Council (Federal Radiation 
Councll Reports No.5 and No.7, April 1964 and May 1965). 

37 

(b) Use of evaporatell or powdered milkJor young children 
and pYel:,'1wnt and lactating women. This would be effective 
in reducing dosage, but the r e undoubtedly would be a demand 
by other perSons who also would wish to stop using fresh 
milk. The feasibility of the measure would depend on avail­
able stores and production capacity for evaporated and 
powdered milk. 

(c) Use oj stored milk Pyod/lcts. The feasibility of Utis 
would depend upon the availability of sufficient stores of 
refrigerated , frozen, or canned milk.. 

(d) Pooling of milk. Theoretically, the 1311 level in milk 
from r egions of high contamination can be reduced by pool­
ing it with milk from r egions of low contamination. This 
would be difficult because of the need to assay milk supplies 
and the magnitude of the transporation pr oblems involved. 

(e) Additioll of stab le iodi'l e to human diet. Increased 
levels of s table iodine in the diet will reduce the abili ty of 
the thyroid to absorb IH I, However, the consensus of medi­
cal opinion is that this would create heal th r isks if followed 
on a population-wide basis . 

Strontium-90 decontamination is a much more difficult 
problem and as yet no preventive or remedia l measures 
have been proposed that fulfill the criteria of effectiveness, 
safety, and feaS ibility . Research is being continued, how­
.ever , into such possibilities as soil co ntrol , liming of soils, 
removal of IOSr from milk by ion exchange or me mbrane 
partition, and addition of stable calcium to dairy rations and 
hUman diets . 

When should remedies be invoked? 

It is necessary that an official body stipulate the level or 
range of radiocontamina Uon that wi ll signal the need to con­
Sider invoking preventive Or remedial action. 

In the United States this crucial and most difficult task 
has been ass igned the Federal Radiation Council. The 
Council was created in 1959 and includes repr esentatives 
from all national agencies with an interest in radiation. 
Its functions include advising the P resident on radiation 
matters affecting health, and giving guidance to all federal 
agencies in the formu lation of radiation s tandards. 

3. 

lodine-1 31 again is an appropriate example, since there 
has been conSiderable controversy about 1311 levels in m ilk. 
In 1961 , the Federal Radiation Council established an aver­
age daily intake of 100 picocuries of 1311, o r an annua l intake 
of 36,500 picocuri es as the upper level of so-called Range II, 
above which the application of control measures should be 
considered. Although the s e guidelines were presented with 
qualifications that r estricted their application to normal 
peacetime industrial operations, there s eemed to be an 
understanding in the minds of most individuals that they 
should also apply to fallout. • 

In the summer of 1962, concentrations of UtI in milk in 
some areas of the country approached the specified levels , 
and at least one state undertook to reduce 1311 levels in 
com mercial fresh milk by arranging for farmers to use 
stored feed instead of pasture for the ir herds. In response 
to this s i tuation the Federal Radiation Council issued an 
official s tate ment on September 17, 1962, f rom whi ch the 
fo llowing excerpts are taken: 

In some localities in the United States average annual intake 
values of radioactive iodine have approached the upper level of 
Range II, and, in one locality, have slightly exceeded Range II. 
This has led to actions and proposed actions involving counter­
measures or preventive health measures. The Federal Radiation 
Council does not recommend such actions under present Cir­
cumstances . 

The Counc il believes, based on competent scientific advice , 
that any possible health risk which may be associated with ex­
posures even many times above the guide levels would not re­
sult in a detectable increase in the incidence of disease. 

The Radiation Protection Guides are not a dividing line be­
tween safety and danger in actual radiation Situations nor are 
they alone intended to set a limit at which protective action 
should be taken. As applied to fa llout, guides can be used as an 
Indication of when there is need for detailed evaluation of possl­
bie exposure risks and when there Is need to consider whether 
any protective action should be taken under all the relevant cir­
cumstances . 

Radiation exposures anywhe re nea r the guides involve risks 
so slight that countermeasures may have a net adverse rather 
than favorable effect on the public well- be Ing. The judgment as 
to when to take action and what kindof action to take to decrease 
exposure levels involves consideration of all factors. 
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Traditionally, the United States has been assured of a 
wholesome food supply through the efforts of legislative and 
regulatory agencies. Such agencies maintain appropriate 
vigilance with regard to radioactive contamination, and it is 
fair to state that any food that is permitted to be marketed 
can be eaten without concern about deleterious effects [rom 
radiation. 

WHERE WE STAND 

Some people have expressed concern because scientists 
apparently disagree about the potential hazard of fallout. 
Actually the extent of disagreement on this question is far 
less than the very extensive area of agreement. 

For example, there is a considerable body of accepted 
knowledge about the movement of radioactive materials 
from the site of production through the atmosphere and the 
food chain to the human population. 

There is also sufficient agreement on the following 
matters to place them in proper perspective in relation to 
other hazards of life: (1) the levels of radiation to which 
the population will be exposed from given amounts and 
patterns of nuclear testing, and (2) the maximum biological 
effects that can be expected from a given degree of environ­
mental contamination. 

The consensus of informed individuals is that the present 
or anticipated levels of radiation exposu r e from fallout due 
to nuclear tests (through 1962) do not constitute a hazard 
that warrants anxiety. 

There is also general agreement that fallout from nu­
clear testing contributes in a small way to worldwide radi­
ation exposure and that the cost to society as a whole is 
probably not zero. Consequently, no action that increases 
the production of fallout or radiation exposure should be 
taken except after a decision that the benefit to society of 
the action is well worth the biological cost that society has 
to pay. 

There are some matters about which scientific uncer­
tainty still exists, mostly because oflackofevidence. These 
require continued research and attention. They include: 
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(1) The significance of local regions of high fallout that 
might result from combinations of circumstances, such as 
high rainfall, low soil calcium, and particular food chains; 

(2) The possibility that certain segments of the popula­
tion-the unborn, the sick, the young, the aged-could be 
more sensitive to radiation than the population at large, 
and that some individuals could be unusually sensitive to 
radiation; 

(3) The most effective measures for reducing exposure 
from environmental contamination; 

(4) The precise effects of changes in the design and yield 
of weapons and in the chOice of test sites; and 

(5) The behavior of strontium-90 and cesium-137 in the 
environment and in the human body over periods of a human 
generation or more. 

Scientists and administrators in private institutions, gov­
ernmental agencies, and international organizations are well 
aware of these matters and are active ly engaged in re ­
search to reduce the uncertainties. 
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