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PREFACE

An editor spends considerable time attempting to collect manuscripts
and at long last discovers that he is surrounded by papers with a wide variety
of ideas and thoughts, many of which are conflicting, and is faced with the
problem of welding the heterogenous material into a unit which can be placed
between covers and called a book.

In this instance, a serious attempt has been made not to edit out differ-
ences, thus not to steriotype. The individuability of the respective author has
remained sacred in his own chapter, differences lead to logical discussions
and in turn to newer experimental design in order to obtain more nearly
precise data.

A further aim of this work has been to gather in one place reviews by
competent contemporaries in the associated fields of present research and
philosophies concerning fallout, its relation to soils, plants, foods, animals,
and man; the arrangement of the chapters is based on such a sequence.

It is apparent from a brief review of the Table of Contents that in
certain chapters information is time-dependent. The lag between event and
literature and the further lag between literature and publication of its review
inevitably results in “dated” data.

Reports relative to the effect of the 1961-1962 test series are being
documented. The reader is referred to U.S. Public Health Reports, especially
Vols. 76-79; Radiological Health Data, Vols. 11I-V; and Nuclear Science
Abstracts, Quarterly Indices for Vols. 17 and 18, for the most recent infor-
mation.

There is an obvious repetition of certain referenced work, indicating
its importance in a variety of fields of endeavor and revealing the interrela-
tionship of problems, however, the five subsections remain discrete. The
sixth subsection, Methods, applies equally well to those preceeding; it
might well be placed at any point. However, it has been assigned as a final
chapter, a warning so to speak that data are method-dependent and must be
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interpreted in this light. Such a warning is especially valuable to the newer
worker in'the area.

Some of the data presented in the following pages were presented at
the ACS Division of Agricultural and Food Chemistry, 137th Meeting,
“Symposium on Radioactive Fallout in Relation to Foods”, Cleveland,
Ohio, April 1960; appreciation is expressed to the ACS for its use.

Appreciation is also expressed to the many individuals who assisted
in the preparation of the final manuscript, especially to those members of the
Los Alamos Scientific Laboratory, the Health Division, and Group H-7, who
reviewed the various aspects of the separate papers. Their patience and that
of the typist was especially helpful.

Los Alamos, New Mexico
August, 1964

Research work reported in certain of the following papers was sup-
ported in part by the U.S. Atomic Energy Commission. Appreciation is ex-
tended to the U.S. Public Health Service for data presented in Chapter VIII.
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Chapter 1

CONSIDERATIONS OF BIOSPHERIC CONTAMINATION
BY RADIOACTIVE FALLOUT

WRIGHT H. LANGHAM
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico (U.S.A.)

INTRODUCTION

Testing of nuclear weapons releases radioactive debris into the atmos-
phere, and its deposition over the earth’s surface is termed “fallout”. Fallout
may be divided into three categories (local, intermedicate or tropospheric,
and stratospheric or worldwide) on the basis of time and place of deposition.

Local fallout is deposited within the first 24 hours and confined to the
immediate environs of the detonation. Since it is not widely distributed and
much of it is deposited in the ocean, such deposition has not contributed
significantly to general contamination of the biosphere.

Tropospheric fallout takes place in 20 to 30 days after a weapon test
and occurs essentially in a poorly defined band around the world in the
general latitude of the detonation. Small weapons like those shown in Fig.1
contribute all their fission products to local and tropospheric fallout. Although
tropospheric fallout is widely distributed, it has not contributed greatly to
general long-range contamination.

Weapon detonations equivalent in energy release to a million tons
(megaton) or more of high explosive (Fig.2) carry their fission products intc
the stratosphere, where they are widely dispersed due to stratospheric diffu-
sion and mixing. This material returns slowly to earth (average return time
about 6 months to 3 years) and is referred to as stratospheric fallout. Stratos-
pheric fallout has made the greatest contribution to long-range or world-

“wide contamination, since over 90 per cent of all the fission products pro-
duced by nuclear weapon tests has been from weapons with yields greater
than one megaton.

The moratorium on large-scale atmospheric nuclear weapon tests
makes it appropriate at this time to summarize the status of “Sr and 137Cs
biospheric contamination. These radionuclides are considered the most im-

References on p. 18



4 W. H. LANGHAM

Fig.1. A small nuclear detonation that contributes all its fission products to local and
tropospheric fallout.

portant in long-range fallout because of their long physical half-lives and
their chemical similarities to natural body constituents (respectively, calcium
for skeletal formation and potassium for cellular function), which result in
relatively high uptake in man and animals.

WORLD INVENTORY OF Sr AND 137Cs CONTAMINATION

Weapon tests by all nations (1962) have produced fission products
from about 90 megatons of fission energy release!. Total energy release from
fission plus fusion (thermonuclear energy does not produce fission products,

! The French tests were small and their contribution to the world inventory was in-
significant.
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Fig.2. Alargenuclear weapon detonation that carries fission products into the stratosphere.

but it contributes energy to carry the debris into the stratosphere) has been
(1962) about 170 megaton equivalents [1]. One megaton of fission energy
produces about 100,000 curies of *Sr (0.1 MC, 0.1 megacurie) and about
160,000 curies (0.16 MC) of 137Cs. Total production of these two potentially

References on p. 18



6 W. H. LANGHAM

harmful radionuclides has been about 9 and 14 MC, respectively. If distrib-
uted instantaneously and uniformly over the entire earth’s surface (area:
2 x 108 mi2), the ®Sr contamination level would be about 45 millicuries (mC)
per square mile of the earth’s surface and *”Cs contamination would be
about 70 mC/mi2% These numbers, however, are misleading. The debris has
not returned to earth instantaneously and, since both radionuclides have
radiological decay half-times of about 28 years, they have been disappearing
at the rate of about 2 per cent per year since their times of production.
About 30 per cent of their total production was deposited as local fallout
(much of it in the ocean), where it does not contribute to general biospheric
contamination. Furthermore, fallout is not uniform, but occurs preferentially
in the temperate latitudes and predominantly in that hemisphere in which
the tests are held. This, of course, means that the highest deposition levels
occur in the north temperate latitudes, where, ironically, about 80 per cent
of the world’s population lives.

DISTRIBUTION OF Sr AND 1¥7Cs CONTAMINATION

As mentioned above, distribution of fallout from nuclear weapon tests
is not only dependent on total yield of the detonation but also on the con-
ditions and location of testing, and its potential hazards to the world popula-
tion are strongly dependent on where it is deposited. The over-all distribution
of fission products (as of November 1958, just after the U.S.S.R. and U.S.
test series) was summarized in the 1959 Congressional Hearings [1]. General
distribution of *Sr and '*"Cs contamination at that time (assuming no frac-
tionation of the two) is shown in Table I.

TABLE 1
ESTIMATED OVER-ALL *°Sr AND ¥7Cs DISTRIBUTION, NOVEMBER 1958*
Location - 908 L8
" MO (MC)
Still in the atmosplere 3 4.8
On ground, world-wide 3 4.8
At or near testing sites 3 4.8

* Derived from record of 1959 Congressional Hearings [1].

These estimations showed that about one-third of the total production
of “8r and *¥"Cs was still in the atmosphere (November 1958), yet to be
deposited; one-third had already been deposited as general or world-wide
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tropospheric and stratospheric fallout; and one-third was deposited near the
test sites, where it can be ignored as a general world-wide potential hazard.

Before we can understand the detailed distribution pattern of world-
wide contamination, it is necessary that we consider the mechanism of
stratospheric fallout. Above the earth’s surface is a region of more or less
constant air temperature. This region is the tropopause; the atmosphere
below it is the troposphere, and that above is the stratosphere. Near the
equator the height of the tropopause is about 50,000 to 55,000 feet and over
the polar regions its height is 30,000 to 35,000 feet. In the temperate latitudes
(40 to 50°N and S), the tropopause is ill defined or discontinuous. Masses of
warm air rising into the tropopause near the equator may diffuse poleward,
where they contact areas of intense cold in the stratosphere above the winter
pole and upon cooling descend again into the troposphere. Return to the
troposphere is preferential in the temperate latitudes because of the poorly
defined or discontinuous troposphere. There is, in essence, a tropospheric—
stratospheric air circulation system which results in fission products injected
into the stratosphere being returned to the troposphere preferentially in the
regions of 40 to 50°N and S latitudes. Once they are returned to the tropo-
sphere, they are deposited on the earth’s surface in about 30 days, more or
less in relation to area rainfall. Since most weapon tests have been held
north of the equator, fallout has been much higher in the north temperate
latitudes than in comparable regions of the southern hemisphere. Material
injected at far northerly latitudes (as in the case of the large U.S.S.R. test
series, October 1958) returns to the earth very rapidly (half-time 4 to 12
months) and all in the northern hemisphere. This mechanism of strato-
spheric fallout and the influence of U.S.S.R. and U.S. test site locations on
world-wide distribution of radioactive contamination are illustrated in Fig.3.

On the basis of the above model of stratospheric deposition, one would
expect maximum fallout levels to occur at about 40 to 50°N latitude, mini-
mum levels near the equator, and a small peak in the south temperate lati-
tudes. Figure 4 shows the Sr content of soil samples collected during 1958
as a function of 10° latitudinal bands [1]. Normalization of these data to
November 1958 and integration with regard to world surface area show that
indeed approximately one-third (3 MC) of the total *Sr produced was
already on the earth’s surface as of that date. Aside from the 1961-62 tests,
the information given in Table I and Fig.4 and estimates of stratospheric
fallout rate may be used to make crude predictions of present *Sr and *’Cs
surface contamination levels and the maximum level that will be reached
when the rate of fallout from the stratosphere is just enough to compensate

References on p. 18
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STRATOSPHERE

TROPOPAUSE; NS Com— TROPOSPHERE

Fig.3. Mechanism of stratospheric fallout in relation to U.S. and U.S.S.R. test site loca-
tions [1]. Surface deposition levels are for *°Sr as of November 1958.

for radioactive decay of that already deposited. Such crude predictions of
90Sr surface deposition levels are shown in Fig.5. Assuming no fractionation
of %Sr and ¥"Cs during production and fallout, the 1¥’Cs levels would be
about 1.6 times the *°Sr values for the same latitude. These data show that
the maximum *Sr surface deposition level in November 1958 in the north
temperate population belt (about 40°N) was about 40 mC/mi? In 1960 the
maximum may have reached about 65 to 70, and in 1962 (at the time the
level should have begun to decrease) about 70 to 75 mC/mi?.

The disproportionate increase between November 1958 and the present
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Fig.4. Latitudinal distribution of long-range fallout as of November 1958 (from °°Sr
soil data [1]).
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at the far northerly latitudes is a result of the large U.S.S.R. test series at
73°N latitude in October 1958.

INCORPORATION OF ?°Sr AND 137Cs INTO MAN AND HIS ECOLOGICAL
ENVIRONMENT

Strontium is chemically similar to calcium, an essential constituent of
bone, and cesium is similar to potassium, an essential element to living cells
and tissues (especially muscle). If ®Sr and 'Cs are widely distributed over
the earth, they will enter the ecological cycle from which man gets his food
and be taken into his body as radioactive contaminants of calcium and potas-
sium, respectively, thereby increasing his radiation exposure. The problem
of world-wide fallout then becomes one of transport of these substances
from soils to plants to animals and eventually to man. Much effort has been
expended on working out and postulating ecological transport of *Sr and
137Cs, One would expect discrimination against **Sr with respect to calcium
and 137Cs with respect to potassium at the various steps along the ecological
cycle. Such discrimination is frequently expressed as the decrease in the
radioisotope concentration of the required element as a result of passing
through a particular step in the ecological cycle. For example, the concen-
tration of %Sr in the calcium of milk is only about 13 per cent of its concen-

. . . (*°Sr/Ca) milk
tration in the calcium of the cow’s diet, or ———————— = 0.13. From

(*Sr/Ca) forage
such discrimination factors, the soil deposition levels, and average diets of

the population, one can compose ecological models which can be used to
make crude postulations of the %Sr and *37Cs levels in man when he and his
ecological environment are in equilibrium with the soil contamination level.
Such an ecological model is shown in Fig.6 for *Sr, and in Fig.7 for 37Cs.
These projections indicate that the Sr concentration in the bone calcium of
the U.S. population (at ecological equilibrium) should be about 7 per cent
of its concentration in the available soil calcium, and that the 37Cs concen-
tration in body potassium should be about 3 per cent of its concentration in
the available soil potassium.

So many uncertainties exist in these projections that their principal
value lies with their qualitative features in pointing out the routes of ecological
transport. On!y where entry of %Sr and ¥7Cs into plants is pred‘ominantly
through root absorption will their levels in man and his foodstuffs bear a
consistent relationship to integrated fallout and conform to a true ecological
model. Even in this case, a direct relationship between integrated fallout and



