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Foreword by Robert Jungk

The Case of Europe

In Nuclear Disaster Tom Stonier has tried to assemble in com-
prehensible terms and figures all the available facts about the
probable consequences of a nuclear catastrophe. Almost all the
material he has used for this sober Apocalypse has been Ameri-
can and almost none European. This is no coincidence because,
although the U.S. Government and its agencies have allowed
academic and scientific experts to publish comprehensive studies
and give their well-documented (though often contradictory):
opinions, the Governments of Europe, both Western and East-
ern, have preferred to draw a veil of silence over the terrible
prospect facing us.

Why this difference? It is only partly explicable by the pas-
sion of European statesmen for playing at secrets. After all,
they have exported this passion to the U.S.A. Their excessive
and clearly undemocratic discretion has its roots elsewhere. The
European Governments realize that even a conservative estimate
of the possible results of a nuclear war in the British Isles and
the European Continent would create fear bordering on panic.
For in Europe there could be nothing like the more optimistic
American estimates of heavy but not necessarily total destruc-
tion. Publication would force Governments to a public admis-
sion that a nuclear war on the territory of Europe would
probably mean an end to our highly industrialized and densely
populated continent, from which only a few fringe areas in the
south-west and the extreme north of Europe could even hope
to escape. For Western and Central Europe, Northern Italy,
Poland, and Czechoslovakia are among the most densely popu-
lated, highly-developed industrial areas in the world. Very little
of our continent is still untouched by the intricate web of our
technological civilization. But in a nuclear war it is the barren,
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remote, and therefore unexploited areas that are the most valu-
able, because they can serve as catchment reservoirs for the
flooding millions of refugees. I once heard a German Civil
Defence official reflect, paradoxically but, from his point of
view, quite reasonably : ‘If only we had a few deserts or steppes,
like the Americans and the Russians.

The Civil Defence authorities are not alone in their desire to
claim such few, and suddenly desirable, empty spaces as exist in
Europe. The military planners want them too, because empty
spaces, and only empty spaces, could provide sites for their own
nuclear installations: their electronic warning stations; their
reinforcement camps; and the underground command head-
quarters that are essential for the day ‘when the balloon goes
up’. As soon as an area (e.g. the Eiffel — the mountains of the
hinterland east of the Rhine and south-east of the Ruhr) be-
comes a military zone, it must, of course, be ruled out as a
possible place of refuge for the civil population, because it must
be presumed to have become a target area for enemy missiles.

Even in the vast expanses of the United States it proved
almost impossible to site missile bases far enough away from
centres of population for the purposes of a nuclear war. During
the ‘Civil Defence hearings’ in 1960 Congressman Chet Holifield
bitterly criticized the U.S. Air Force for having placed a great
number of its nuclear batteries too close to densely-populated
areas. The Defence Department made this incredible statement
in reply:

‘While the Air Force realized the potential danger to the
civilian population in proximity to missile bases, this considera-~
tion was not determining in the location of the bases.’

If the excessively reticent members of our European Parlia-
ments and our Municipal Councils on the one hand, and NATO
or the national military authorities on the other, were to engage
in the same sort of public debate on this side of the Atlantic, we
should find that our strategic planners have given even less
consideration to the plight of the civilian population, whose lives
they are endangering by their preparations. This is hardly sur-
prising, as Europe has nothing like the sparsely populated plains
of Wyoming, or the uninhabited deserts of Utah, or the trackless
rocks of Colorado. In the U.S.A. it has been possible to keep
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_ missile sites and cities hundreds of miles apart (though even this

would not be far enough to insure against the effects of radio-
active fallout), but the distances between the camouflaged
nuclear batteries of the NATO forces and the centres of popula-
tion in Europe are rarely more than 20-50 miles.

There is yet another complication. The military have plans to
provide power stations, water works, and factories for essential
production in place of the most important of those that would
be destroyed in target areas. Some Civil Defence planners had
hoped that the problem of space and overcrowding in Europe
might be solved by digging underground, but this has already
been proved a forlorn hope. For example, there was a great deal
of talk recently in West Germany of building so-called ‘multi-
purpose underground structures’. The idea was to build enorm-
ous underground garages in all the main cities, which could be
used as air-raid shelters if war broke out. No more has been heard
of this project, for a number of leading German experts pre-
pared a memorandum which proved conclusively that, in the
event of an attack, it would take so long to drive the cars out
that the garages would simply become extra panic centres.

Another possibility led some of the NATO powers into pre-
liminary negotiations with their neutral neighbours. It was
hoped that the neutrals might agree to provide shelter for refu-
gees from stricken countries, but the negotiations were unsuc-
cessful. They never got further than the first formal contacts
because the neutrals steadfastly refused even to discuss cases,
partly because of the problems of international law that were
raised and partly from their natural instinct for self-preserva-
tion. Even the European NATO allies have not been able to agree
among themselves either to accept, or how to treat, nuclear
refugees.

In Europe there is therefore not only the question of space,
but also the problem of the nationalisms which would flare up
once more if there were a nuclear catastrophe. We have taken
only the most hesitant steps towards European integration. It is
quite obvious that we have not yet achieved anything even
approaching the sense of solidarity that would be required to
withstand the terrible stresses which a nuclear war would
impose.
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So there are both historical and geopolitical factors that make
Europe even less fitted to survive a nuclear disaster than the
spacious and militarily powerful U.S.A. It is therefore unfor-
tunate, indeed perilous, that neither the authorities nor any
independent academic institutions have so far felt obliged to
publish objective, comprehensive, and documented analyses of
the possible consequences of a nuclear war, so that public dis-
cussion can take place. Perhaps this book may stimulate some
university institute to undertake this essential task of public
enlightenment.

But any such study should really go on to consider another
aspect of nuclear disaster which Tom Stonier has not mentioned
in his book. Our civilization has already been gravely, and in
some ways catastrophically, damaged by the mere preparation
for nuclear war, because the thousands of millions which we
spend on arming ourselves for an ‘inconceivable war’ have to be
deducted from our provision for other more urgent and often
vital needs. We must renew our obsolete cities which cannot
much longer serve the requirements of their citizens; we must
set about the purification of the waste products pouring from our
growing industries and polluting the air we breathe and the
water we drink; we must raise the general standard of education
to meet the demands of the second Industrial Revolution. All
our governments are aware of these aims, but cannot pursue
them with proper determination because they have too little
money. A typical example can be seen in France, where the
Government recently had to impose drastic cuts on its plans for
a long-overdue reform and expansion of the education system in
order to pay for its nuclear force de frappe.

The evidence of this material damage is already there for all
to see. But there is another kind of damage also: an intellectual
and spiritual maiming which is invisible. Nuclear secrecy is
eating like a cancer into the principles of democracy. Even
worse, the hope for the future which is the essential nourish-
ment of the human spirit has been permanently clouded - a
tragic deprivation, especially for the younger generation. Even
though no nuclear weapons have been exploded in anger since

1945, their mere manufacture has done incalculable damage to
our society.
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The continuously rising cost of nuclear armaments has di-
verted resources from urgent social tasks. If only the facts could
persuade our governments to redirect these resources into con-
structive purposes, this, indeed, could be a New Frontier for
Europe.
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Chapter 1

Introduction: 74e New Weapon

Even in a century marked by two ‘total’ wars the totality of the
catastrophe we face in the threat of thermonuclear war is barely
imaginable. The number of deaths that could result from the
detonation of just one twenty-megaton bomb on New York City
could exceed tenfold the total number of fatalities that America
has suffered on all its battlefields throughout all its previous
history. If the example of New York City is magnified to include
the entire country, with its population of over 180,000,000 and its
complex and highly developed industrial and cultural structure,
the consequences of nuclear war take on the proportions of an
American Gétterdimmerung.

The creation of the thermonuclear bomb represents the latest
stage in the accelerated development of weapons technology.
These weapons are the products not only of the highest level of
scientific and industrial capacity, but of an attitude towards war
that has been described by Erich Fromm and Michael Maccoby
as the ‘escalation of brutality’.

Retired Marine Brigadier General F. P. Henderson, reviewing
the changing attitudes of war, points out that planned air bom-
bardment of cities was most repugnant to the humane values
with which which we began this century but that the concept of
ideological war completely altered this view. In ideological war,
General Henderson declares, the enemy is competely hateful;
his unconditional surrender and the utter destruction of his
society are the only satisfactory objectives. In bringing this just
retribution to him, one cannot show compassion for noncom-
batants nor spare the works of culture or production that man’s
labour and creative genius have accomplished. By World War
II, the followers of Giulio Douhet, a World War I officer whose
ideas were developed into the Blitzkrieg of World War II, were
committed to the doctrine that to defeat a modern industrial
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nation in war, air bombardment directed at cities was necessary
in order to destroy the means of production that supported its
armed forces and to crush the morale of the civilian population.

The shift in attitudes and techniques is reflected in the follow-
ing figures: In World War I there were 9,800,000 killed, 5 per
cent of whom were civilians; in World War II, of 52,000,000
dead, 48 per cent were civilians; the Korean conflict produced
9,200,000 dead, of whom 84 per cent were civilians. Part of this
tremendous increase can be attributed to the fact that World
War II saw the advent of technical developments capable of
destroying large sections of a city, and even entire cities.

The first time that a sizeable part of a large city was totally
destroyed was in July of 1943 when Hamburg succumbed to the
massive bombings of ‘Operation Gomorrah’. Four major Royal
Air Force raids, involving a total of several thousand planes
dropping over 7,000 tons of high explosives and incendiaries,
destroyed 55 to 60 per cent of that city. An area of some thirty
square miles was damaged, including twelve and a half square
miles that were completely burned out. Forty-eight hours after
the attack, when this area cooled sufficiently to be approached,
only the brick building walls and a few large charred trees re-
mained; no traces of unburned combustible building materials
could be found. About as many people died in this attack as were
to die two years later at Hiroshima.

The Hamburg attack provided several valuable lessons for the
stategic-bombing analysts. First, a successful attack had to be
massive, sufficient to overwhelm the defences. More than fifteen
times as many explosives were dropped on Hamburg as on Lon-
don at the height of the Blitz. Secondly, the bombs had to be a
mixture of high explosives and incendaries, since it was found
that explosives or incendiaries alone did not start many fires.
Third, it was necessary to set fire to a sufficiently large area (a
minimum of about one square mile) in a sufficiently short time.
If the area contained enough combustible material a firestorm
or a conflagration was almost inevitable.

Many technological problems had to be solved before cities
could be destroyed successfully. Large planes were needed,
capable of carrying big loads at the speeds and altitudes needed
for the required distances. Defences against fighter planes, com-
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plex radio and radar devices to aid in navigation, bombing, and
the identification of other aircraft had to be developed. Problems
in logistics, timing, and weather forecasting had to be solved.
The solution of these problems engaged the country’s best scien-
tific and engineering talent.

Within two years of the successful solution of the problems of
mass bombings, as a result of the mobilization of the world’s
outstanding scientists, there occurred another breakthrough:
the development of the atomic bomb. A few men operating a
single plane carrying a single bomb could now achieve the des-
truction that formerly required an air armada.

Shortly before the outbreak of World War II, Otto Hahn and
Fritz Strassmann, working at the Kaiser Wilhelm Institute for
Chemistry in Berlin, bombarded uranium with neutrons and dis-
covered a radioactive isotope among the products which indi-
cated that the uranium atoms had been split. Such was the fer-
ment in the physical sciences at that time that Philip Abelson, a
young graduate student at Berkeley, California, was also pursu-
ing a line of research which, in a few weeks, would almost cer-
tainly have led him to the discovery of nuclear fission. Within
about a year, scientists throughout the world had published
nearly a hundred articles on the phenomenon of fission, All the
great centres of American physics became involved.

In the meantime, committees of scientists had been formed to
alert government officials to the new developments and their im-
plications. The Navy was immediately interested, not so much
in the explosive potential of uranium, but in a source of power
for its submarines. Other branches of government varied in their
response, but all ultimately became convinced and began sup-
porting the research.*

The pace of discovery and problem-solving continued to ac-
celerate. In spite of many complex engineering problems, such
as preparing sufficient quantities of uranium 235, a nuclear re-

* At one point, a committee consisting of Leo Szlard, Eugene Wigner,
and Edward Teller was rebuffed by an Army colonel who lectured them on
the fact that it usually took two wars to develop a new weapon, and it was
mornlc, not new arms, that brought victory. Wigner countered with the
opinion that if arms were so ummportant perlrmps the Army’s budget ought
to be cut by 30 per cent. The group gogxts money. = ..

SN ,m,_\f’.m..v o

N.D.-2
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actor was constructed beneath the West Stands of Stagg Field
at the University of Chicago. On 2 December 1942, in this re-
actor, man first initiated a self-sustaining nuclear chain reaction,
and controlled it.

Two and a half years passed. Then ‘at 0530, 16 July 1945, in a
remote section of the Alamogordo Air Base, New Mexico, the
first full-scale test was made of the implosion-type atomic fission
bomb. For the first time in history there was a nuclear explosion.
And what an explosion! ... The test was successful beyond
the most optimistic expectations of anyone. ...” So reads a
memorandum from General Leslie R. Groves to the Secretary
of War.

Just three weeks later, an atomic device containing uranium
235 as the fissionable material was first employed as a military
weapon. The first atomic bomb was detonated at approximately
1,850 feet above Hiroshima on 6 August 1945. On 9 August, an
atomic device containing plutonium 239 as the fissionable
material was detonated at approximately 1,850 feet over Naga-
saki. Although the Nagasaki drop was somewhat off centre,
thereby causing less destruction than had been intended, the
Hiroshima detonation was an unqualified success.*

The explosions over Japan ushered in a new era of weaponry.
During the first decade of that era, the technology of the new
weapon developed so rapidly that by 1 March 1954 the BRAVO
shot, at Bikini, marked the beginning of a class of super weapons
that dwarfed the atomic bombs used against Japan just as these
earlier nuclear devices had dwarfed the conventional explosives
of World War I1.+ The thermonuclear bomb detonated on Bikini
exploded with a force equivalent to 15,000,000 tons (15 megatons)
of TNT and produced tremendous quantities of radioactive
debris which heavily contaminated the surrounding ocean.
Caught in this fallout were not only ships taking part in the
bomb tests, but an unspecting Japanese fishing vessel, the Lucky

* General Groves was most enthusiastic in his report to General George
C. Marshall, When the latter chided Groves for his enthusiasm in view of
the large number of casualties, General Groves replied: ‘I was not thinking
so much about those casualities as I was about the men who had made the
Bataan death march,” a view evidently shared by Air Force General Henry
H. Arnold, also present at the meeting.

1 Actually, the world’s first thermonuclear device was tested on 1 Novem-
ber 1952.
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Dragon, a large number of Marshall Islanders, and some Ameri-
can service personnel on four atolls to the east.

The Bikini shot was seven hundred and fifty times more
powerful than the explosions over Hiroshima and Nagasaki. The
old-style atomic bombs, with a force of 20,000 tons (20 kilotons)
of TNT, hardly sufficed to provide the trigger for the new
‘hydrogen’ bomb. In a fraction of the time it takes to blink an
eye, the Bikini shot released more energy than all the bombs (in-
cluding atomic bombs) dropped in World War II. Nor did this
first fission-fusion-fission detonation even approach the theoreti-
cal limit of size.* Subsequent detonations exceeded the fifteen-
megaton size several fold: the largest tested thus far has been
the two-stage, fission-fusion device exploded by the Soviet Union
on 30 October 1961, which released close to sixty megatons of
energy. The addition of a uranium-238 jacket could easily have
doubled the yield of that detonation, but the uranium apparently
was omitted to avoid the large amounts of fallout that would
have been produced by its fission.

This large detonation in October 1961 has been the exception
in respect to the relative importance of fission and fusion. In
general, megaton-class detonations have derived about half their
energy from fusion, half from fission. The June 1959 Congres-
sional Hearings on the ‘Biological and Environmental Effects of
Nuclear War’, held by the Special Subcommittee on Radiation

* The new super bombs derived their energy from not one, but three,
types of nuclear reaction. There was first the old-style atomic bomb, relying
on a self-sustaining fission reaction. This was merely used to achieve the
temperatures of the sun necessary to initiate a second reaction, the fusion
reaction. This second reaction involved processes almost diametrically
opposed to the first. Whereas the first fission reaction involved the splitting
of the hcaviest atoms, such as uranium 235 or plutonium 239, the second
fusion reaction involved the fusion of the lightest atoms. For example, two
atoms of hydrogen 2 (deuterium) might fuse to produce one atom of helium
3 and release one ncutron (weight=1). The reaction not only liberated a
great deal of energy, but also high-energy neutrons. These high-energy
ncutrons were ingeniously utilized for the third reaction, a ‘fast fission’ re-
action. This ‘reaction resembled the first in that it involved the splitting of
heavy atoms, but in this case the atoms split were uranium 238 instead
of the rare uranjum 235. Uraniam 238 is the common form of uranium
which earlier tests had shown would not sustain a chain reaction. However,
the large number of energetic neutrons produced by the fusion reaction now
permitted the utilization of ordinary uranium. A uranium jacket was placed
abround the fusion component thereby creating the first fission-fusion-fission

omb.
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of the Joint Congressional Committee on Atomic Energy (Con-
gressman Chet Holifield presiding),* assumed all weapons to be
50-per-cent fission and 50-per-cent fusion. A twenty-megaton
weapon would thus produce the equivalent of ten megatons of
fission and ten megatons of fusion. Exploded near the ground, it
would release about half of its energyas blastand shock,one-third
(about 7 x 10'5 calories)  as heat radiation, and the remainder as
nuclear radiation. One-third of the nuclear radiation would con-
sist of ‘initial nuclear radiation’, primarily neutrons and gamma
rays, while the remaining two-thirds would be made up of radio-
active fission products (fallout).t

What happens when a twenty-megaton thermonuclear device
is detonated? § First, a bluish-white incandescence flashes across
the sky, followed at once by a brilliant fireball as hot as, and
many times brighter than, the brightest sun. This small, man-
made sun, like its natural counterpart, emits ultra-violet, visible,
and infra-red radiation. The ultra-violet light is discharged as a

* One of the committees of the Congress of the United States is the
Joint Committee (i.c. both Houses) on Atomic Energy. In June 1959, a
subcommittee of this committee, the Special Subcommittee on Radiation,
headed by Congressman Chet Holifield (Democrat, California), heard
numerous experts, both governmental and non-governmental, testify on the
effects, and potential effects, of thermonuclear weapons. Subsequently, Con-
gressman Holifield investigated the matter further in March 1960, and
again in August 1961 as chairman of the Military Operations Subcommittee
of the House Committee on Government Operations. These later Civil
Defence Hearings relied entirely on government witnesses. As tl}c reference
‘notes indicate (pp. 222-31), a substantial part of the information used in
the first two chapters, and in Chapterzs) 5 to 8, derives from these hearings

cited as Holifield, etc., see pp. 210, 222).

¢ 1 7x101% is ;nat.h’cmatical shorthand for 7,000,000,000,000,090. As a
further example, ‘3 X 1012’ represents 3,000,000,000,000. A calorie is the
amount of heat required to raise the temperature of one gram of water one
degree centigrade.

$ The ten-megaton fission component of the twenty-megaton bomb would
yield 1,100 pounds of fission products, which at one hour post-detonation
would comprise 3 X 1012 curies (a measure of radioactivity) of total gamma
fission products, including approximately 1,000,000 curies each of strontium
90 and cesium 137. In addition, the ten-megaton fusion component of the
bomb would also yield 3-2x 1027 atoms of carbon 14 (approximately 165
pounds) which would involve about 340,000 curies.

§ The Holifield Hearings assumed that New York City was hit by two
ten-megaton bombs. Although a single twenty-megaton bomb would not
produce quite as much damage as two properly spaced ten-megaton
weapons, the simplifications in calculations are thought to justify this minor
change.
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very short initial pulse. This is almost immediately followed by
a second, long pulse lasting well over a minute, in which the
heat energy is emitted as visible and infra-red radiation. Maxi-
mum heat emission occurs at about four and a half seconds
after detonation, and half the heat is released by the end of ten
seconds. As the fireball rises it scorches the countryside: on a
very clear day a twenty-megaton air burst exploded low in the
atmosphere could cause the clothing of a person standing about
twenty miles away to burst into flame; people about forty miles
away could suffer first-degree burns. For a contact surface burst,
the distances are reduced about 40 per cent.

In the case of a one-megaton weapon, the fireball reaches its
maximum size (about 1-5 miles) in ten seconds; presumably for
a twenty-megaton bomb the 4-5-mile maximum is not achieved
until about forty-five seconds.* As the fireball expands, it rises
like a hot-air balloon. A one-megaton weapon exploded moder-
ately low in the air will reach a height of about 2 miles at the
end of eighteen seconds, 3 miles in thirty seconds, 4-5 miles in
about one minute. At about this time the fireball has cooled so
much that it is no longer visible. Particles of matter vaporized
and sucked up by the fireball begin to condense as they reach
the tropopause,} 5 to 10 miles above the earth, and they now
begin to spread out, thus forming the mushroom cloud, which
after ten minutes stabilizes and achieves a maximum height of
about 14 miles. In a twenty-megaton explosion these events
would take place somewhat more slowly, and the cloud would
finally reach a height of over 20 miles.

Meanwhile, a huge pressure wave, at first travelling many
times faster than sound, has spread out from the centre of the
explosion. Immediately behind the shock front comes the wind,
at speeds initially exceeding a thousand miles per hour. The
wind, diminishing as it moves outwards, creates a vast vacuum,
and the surrounding air now rushes in, fanning the many fires
started by the heat radiation and the blast. These fires, covering
an area almost forty miles across, would ultimately coalesce to
form mass fires, which, if the density of combustible material

* The rate of growth varies approximately as the square root of the yield.

t A transition zone between the troposphere and the stratosphere at
which the drop in temperature with increasing height ceases. Our weather
occurs below the tropopause.
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were sufficiently great, would then develop into firestorms or
conflagrations. The size of the area would depend on meteoro-
logical conditions; in a contact surface burst it would likely be
about twenty miles across.

In a contact surface burst, a circle about ﬁfteen miles across
would mark the area in which average brick houses would col-
lapse. Moderate damage would occur within a circle of approxi-
mately twice that diameter. However, these figures are not rigid;
the degree of destruction and the areas in which it occurs is to
some extent dependent on meteorological and other conditions.
For example, under certain circumstances that cause the blast
wave to bounce back and forth between the earth and the layers
of the atmosphere, windows more than one hundred miles away
could be shattered.

As mass fires raze the destroyed city below, fallout begins to
descend from above, poisoning the surrounding countryside. One
bomb might endanger the lives of people in a 4,000-square-mile
area. Such a large thermonuclear device exploded in mid-town
Manhattan, for example, would probably kill 6,000,000 out of
New York City’s 8,000,000 inhabitants and produce an addi-
tional 1,000,000 or more deaths beyond the city limits.

Further serious complications would arise if the entire nation
were subjected to attack. Even before the threat of fallout radia-
tion completely subsided the country could be thrown into a
state of economic and social chaos — including serious outbreaks
of famine and disease — and the ensuing shock, loss of morale,
and weakened leadership would further hamper relief operations
and impede rehabilitation. The effects of this disruption could
persist for decades, just as would the somatic damage inflicted
on people exposed to radiation. Even individuals who escape the
hazards of the explosion and who are themselves uninjured by
radiation might carry a legacy of genetic damage, which they
would then pass from generation to generation. Perhaps most
uncertain, and potentially most disastrous, are the ecological
consequences, the imbalances in nature itself, which might well
create the preconditions for the disappearance of American civili-
zation as we know it.



Chapter 2

The First Thirty Seconds:
Hear and Blast

We can expect that a thermonuclear attack will produce struc-
tural damage and human injury, disease, and death in a great
variety of ways and over a long period of time. For this reason
it is best to consider the consequences of such an attack in terms
of its immediate, intermediate, and long-term effects. The im-
mediate effects of the explosion are thermal (heat) radiation,
nuclear radiation, and blast damage.

Because of the very high temperatures of the fireball, a large
amount of thermal radiation is emitted from a twenty-megaton
air explosion, an amount theoretically sufficient to vaporize well
over ten million tons of ocean water. On a very clear day such
an air burst could ignite the clothing of a man standing in the
path of the heat rays about twenty miles away. In addition to
being burned from ignited clothing, a person is in even greater
danger of receiving flash burns, which are caused by exposure
of the skin to the heat radiated by the fireball.

In both Hiroshima and Nagasaki, burn injuries constituted
the major problem in medical care; from the day after the bomb-
ing on, they accounted for more than one-half of all deaths.
Twenty days after the attack it was found that among burned
survivors the great majority (80-90 per cent) had suffered flash
burns, some (5-15 per cent) had suffered both flash and flame
burns, a very few (2-3 per cent) had suffered lame burns only.
The importance of heat as a cause of immediate death can only
be estimated, but it is believed to have been the major cause,
especially among those individuals who were close to the explo-
sion. At the Hijiyama High School in Hiroshima, of fifty-one
girls who were outdoors on the school grounds about half a mile
from the hypocentre (the point on the ground directly under the
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explosion), all were severely burned and died within a week.
However, it was found that where there was some shielding the
number of deaths from flash burns seemed to be reduced signifi-
cantly. At about a mile from the hypocentre the mortality among
shielded school children was 14-2 per cent, in contrast to 83-7
per cent among unshielded children. Some of the children who
were indoors and were thought to have been protected were un-
doubtedly exposed to the heat rays through doorways and win-
dows. On the basis of these and other considerations, the mortal-
ity from flash burns in this zone was estimated to be 70 per cent.
Similarly, at Hiroshima’s Kameyama Hospital, 75 per cent of
the patients who received burns at 0-6 mile died within two
weeks. The heat energy delivered at this distance was about 30
calories per square centimetre (cal./sq. cm.),* which is sufficient
to ignite almost any fibre, hence most clothing. If atmospheric
conditions are clear enough for the heat rays to penetrate great
distances without appreciably weakening, a twenty-megaton ex-
plosion a few miles above the ground would produce third-
degree burns (12 cal./sq. sm.) at 27 miles, second-degree burns
(8 cal./sq. cm.) at 32 miles, and first-degree burns (4 cal./sq. cm.)
at 45 miles. Slightly more optimistic figures are given by bio-
physicist William T. Ham and George Mixter Jr, professor of
surgery at New York University, in their discussion of the
thermal effects of a ten-megaton bomb. By extrapolating from
their figures, the second-degree burns would be incurred at
about 30 miles (10-5 cal./sq. cm.). They give no figures for third-
degree flash burns, but point out that those exposed to 30
cal./sq. cm. would suffer third-degree burns from ignited cloth-
ing. For a contact surface burst, as opposed to an air burst, the
above distances would have to be reduced by 40 per cent.
William Ham has stated that an atomic explosion of nomina]
size (twenty kilotons), in exceptionally clear air, could produce
retinal lesions in humans at distances up to 36 miles in daytime
and up to 40 miles at night. More dramatic was the testimony
of Colonel J. E. Pickering of the United States Air Force, who
stated that in the high-altitude tests over Johnston Island retinal

* A unit measuring the amount of heat delivered per unit area. About
4 cal./sq. cm. will ignite shredded newspaper; 12 cal./sq. cm. will ignite
deciduous leaves.
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burns occurred in the eyes of rabbits at distances up to almost
350 miles. These burns were very small, being the size of the
image of the fireball at that distance.

Although immediate nuclear radiation is an important hazard
in the case of twenty-kiloton bombs like the ones dropped on
Japan, the blast effects of a twenty-megaton weapon are such
that the immediate radiation danger may be ignored. Thus, two
and a half miles from the explosion the dose would be about
300 roentgens,* but only those in the area who are well pro-
tected from blast, shock, and thermal effects would survive any-
way, and such protection would automatically provide shielding
from the neutrons and gamma rays produced by the bomb. The
Communication Centre of the Chugoko Army Headquarters in
Hiroshima, a largely underground, reinforced-concrete building
located 3,100 feet from the explosion, received approximately
2,200 roentgens. Although several of the thirty-two occupants
were hurt by the blast, only one showed any signs of injury that
could possibly be attributed to radiation.

In Hiroshima and Nagasaki most of the immediate deaths from
blast injuries occurred as buildings were blown over or collapsed,
and walls, doors, bricks, glass, furniture, and other debris hurtled
through the air, crushing or striking everything in their way.
Blast damage to a building or other structure may result from
one of several causes, or a combination of them. First of all,
there is the shock front itself, which compresses everything in its
path. Thus a building may collapse not only because it is being
blown over, but also because the external pressure of air and
gases suddenly becomes so much greater than the internal pres-
sure that all four walls collapse, in much the same way that a
five-gallon tin can collapses when the air inside it is extracted.
The pressure to which a building is exposed is measured in
pounds per square inch (psi) and the greater this pressure is, the
stronger the building must be to withstand it.

* A roentgen (often abbreviated as an ‘r’) is a unit of exposure dose of
gamma or X radiation. One roentgen of gamma radiation would result in
the absorption of a certain quantity of energy (87 ergs) per gram of dry air.
A dose of 450 roentgens to the entire body would kill about half the people
absorbing this amount of energy.
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Immediately behind the shock front are the drag forces, which
operate like a very strong wind. Thus, telephone poles and radio
towers, which may readily resist the squeezing effect of the pres-
sures from the shock front, are quite vulnerable to much lower
dynamic pressures that may blow them over. Unlike the shock
front, which passes by in an instant, the drag forces may exert
their effect for many seconds.

The shock front and drag forces moving out from the explo-
sion cause a partial vacuum which is filled by winds blowing
back towards the centre. Although these forces are negligible
compared to the initial outward pressures of blast and shock,
they may add significant damage to an already weakened struc-
ture. In addition to all this there is ground shock, which is
similar to an earthquake and would tumble buildings in the
same way. A twenty-megaton bomb exploded underground
would produce a shock that would approximate the worst earth-
quake shock on record.

We can’understand blast damage better if we take a specific
city as an example. What, for instance, might be expected if a
twenty-megaton bomb were detonated on Columbus Circle in
New York City? A surface explosion would create an enormous
hole 640 feet deep and over 2,700 feet wide. The lip surrounding
this hole would be about 160 feet high.* This means the crater
would extend from 49th Street to 69th Street, and from east of
Sixth Avenue almost to the West Side Highway. Placed in such
a hole, the seventy-storey, 850-foot R.C.A. building would barely
protrude above the crater lip. But this skyscraper, along with
others in the mid-town area, would not only have been knocked
down, but would also be melted by the immense heat of the
fireball.

Since the crater would be deeper than any of the subway tun-
nels in the area — in fact, almost six times as deep as the deepest

* The reader should differentiate between air bursts (such as those set
off over Japan), which produce neither craters nor fallout, but are more
effective in producing blast and heat damage, and surface bursts, which are
the subject of discussion here. A surface burst is any burst that is low
enough for the fireball to touch the ground. The following dimensions are
given for a contact surface burst on dry soil: depth: 800 fecet; diameter
of hole: 3,400 feet; diameter of crater including lip of material forced up:
6,800 feet; height of crater lip: 200 feet. A factor of 0-8 is used to convert
the above figures to apply to detonations on rock (e.g. granite).
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tunnel in the system, the 113-foot-deep BM T 60th-Street tunnel
under the East River — any mid-town hit is likely to pene-
trate at least one of the subway tunnels. And because the IRT,
BMT, and IND lines are interconnected in the mid-town area,
one can reasonably expect the blast wave to blow out the
entire underground-connected portion of all three subway
systems.

At this point let us visualize the areas encompassed by two
circles (seec maps, pp. 32-5): one with a radius of 7-5 miles from
Columbus Circle, the second with a radius of 16 miles. At the
7-5-mile line, the shock front will produce a pressure of 5 psi*
and will be followed by a 160-m.p.h. wind; at 16 miles this will
be reduced to 1'7 psi and the winds will have moderated to 60
m.p.h. The distances for these two pressures are based on data
from the Nevada test site, a relatively unobstructed area, and are
thus larger than those that may be expected in a city burst, where
the blast wave would tend to lose energy more rapidly in the
process of knocking down buildings.

At 5 psi (the pressure at the 7-5-mile circle) an ordinary un-
reinforced brick or wood-frame house would probably be com-
pletely demolished. Brick apartment houses would probably re-
main standing but would require major repairs, although those
two miles closer to the explosion would also collapse. (Were the
bomb to explode in the air above Columbus Circle, rather than
on the ground, complete destruction of the apartment houses
would occur at the 7.5-mile line. In an air burst, the 5 psi line
would be a little over 10 miles from the hypocentre.)

Thus, considering the type of construction in New York City,
the inner (7-5-mile radius) circle around Columbus Circle would
be the zone of severe blast damage. At its outer edge this circle
includes, in Brooklyn, Gowanus Bay, half of Prospect Park, the
former Ebbets Field site, the Bedford-Stuyvesant and Bushwick
sections; in Queens, Ridgewood, the western tip of Forest Hills,
Corona, and the western edge of Whitestone; in the Bronx,
Sound View Park, Crotona Park, and New York University.
Only the tip of Manhattan above the Cloisters would not be

* Throughout this discussion these figures must be understood to mean
pressure above the basic pressure of 14.7 psi that is exerted on the earth
by the weight of the atmosphere at sea level.
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inside this zone. In New Jersey, Leonia, Ridgefield Park, Teter-
boro Airport, half of Kearny, and most of Jersey City would lie
well inside this zone‘of mass destruction. The Palisades ridge
would probably not afford much protection since the blast wave
would simply roll over it.

Although houses exposed to 1.7 psi (the pressure at the 16-
mile circle) would remain standing, this pressure is still strong
enough to tear entrance doors off their hinges and break them
into pieces and to send window glass flying throughout the
house, the force on the sash being sufficient to dislodge the
frames, particularly on the side facing the explosion. In peace-
time, complete restoration would not be economically practical,
but in an emergency, and in the absence of fire, the house prob-
ably could be made habitable by covering the window and door
openings and by shoring up the basement.

The 16-mile circle around Columbus Circle would include all
of New York City except the part of Staten Island beyond the
Staten Island Airport and a very small corner of Far Rockaway.
In Nassau County, Elmont, Floral Park, Manhasset, and Port
Washington would delineate the eastern portion of the circle. In
Westchester County, most of New Rochelle and almost all of
Yonkers would be included, and in New Jersey, the point where
the New Jersey boundary touches the Hudson River, Ridge-
wood, Paterson, Caldwell, West Orange, Union, and Linden
would lie along the perimeter. Some destruction, such as win-
dow breakage, would be incurred by the majority of buildings
up to 40 miles away, where the pressure would still be around
0-5 psi.

One more point should be emphasized in assessing the blast
damage to the countryside: not all brick houses would neces-
sarily collapse in the inner zone, nor would no brick houses col-
lapse in the outer zone. Rather, there would be variations de-
pending both upon individual peculiarities of construction and
on the movement and behaviour of the shock front. For example,
the explosion of a mere twenty-kiloton bomb has been known to
break windows 75 to 100 miles away. An increase of pressure
and noise at great distances from the explosion results from the
downward refraction and focusing of the shock rays by various
air layers and from other meteorological factors. This process
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may be repeated when the shock rays are bounced back and
forth between the earth and the air, causing damage at regularly
spaced distances while leaving areas in-between intact. Thus, a
New York explosion might shatter windows as far away as
Wilmington, Delaware.

Of major concern, of course, are the deaths and injuries that
would result from the blast of a twenty-megaton weapon. C. S.
White, Director of Research of the Lovelace Foundation for
Medical Education and Research, testifying before the Holifield
Committee, presented four categories of blast hazards to ‘bio-
logical targets’. They are primary effects due to blast-produced
pressures and their reflections; secondary effects from fast-flying
masonry, glass, and wood fragments, which may penetrate a
person’s body and pierce his internal organs, and from non-
penetrating, heavy falling or flying objects; tertiary effects from
a person’s being thrown to the ground or hurled against a build-
ing, telephone pole, or other rigid structure by the force of blast
shock and winds; indirect effects due to ground shock, dust, and
blast-associated thermal phenomena.*

The construction of the human body is such that primary blast
effects are not likely to account for more than a small portion
of the blast casualties, Although the human eardrum can rupture
at a pressure of 5-4 psi, it generally requires about 23 psi. Lung
damage can occur at 15 psi, but again, death is not common until
40 to 50 psi is reached. Individuals exposed to these pressures
are much more likely to be killed by the secondary or tertiary
blast effects, except those in protected places who may be close
to a wall or other kind of reflecting surface. People in this situa-
tion may be exposed not only to the shock front, but simul-
taneously to one or more blast reflections. Therefore, a person’s
lungs could be damaged at about seven miles under exceptional
circumstances and his eardrums ruptured at twelve miles from a
twenty-megaton explosion.

Secondary blast effects from flying objects are a much greater
hazard. In fact, for a forewarned population that has taken cover
indoors, the secondary blast effects would probably be respon-

* Although White’s testimony pertains to one-megaton and ten-megaton
weapons only, the distances involved for a twenty-megaton bomb may be
ascertained by multiplying the ten-megaton distances by the cube root of 2.
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sible for more of the initial casualties* than any other single
factor. Any person within about fourteen miles of the explosion
would be in real danger of being injured by flying glass. Flying
concrete, bricks, or other masonry objects could produce head
and body injuries up to about seventeen miles from the ex-
plosion. Even people farther away might be seriously hurt by
small glass fragments lodging in the eye.

Tertiary blast injury would occur as a person was lifted off his
feet, sent flying through the air, and smashed to the ground or
into some obstruction. These injuries — serious, and, in some
cases, fatal, head and body wounds — would be incurred within
about the same range as the secondary blast injuries.

* ‘Initial’ means the first few minutes following the explosion, and a
casualty is defined by White as ‘an individual sufficiently injured to be
unable to care for himself and who thus becomes a burden to someone
else’.
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From Cities to Ashes: Firestorm

The effectiveness of fire as a weapon of war was demonstrated in
World War II. Structural damage caused by fire accounted for 80 per
cent of the total damage to citics attacked by airborne weapons. The
great fire attacks on the cities of Germany and Japan were scientifi-
cally planned, with emphasis placed on target susceptibility and type
and quantity of munitions necessary to produce maximum damage.
Lessons learned from these attacks and from the atomic bomb
attacks on Hiroshima and Nagasaki should provide valuable guid-
ance to planners in designing measures to minimize effects of fire
damage to American cities in any future war.

Thus reads the introduction to Technical Manual T M-9-2, ‘The
Fire Effects of Bombing Attacks’, published in 1955 by the
Office of Civil and Defense Mobilisation. It is clear that in a
thermonuclear explosion those who are fortunate enough to
escape the immediate effects of heat and nuclear radiation and
blast would then be exposed to an even deadlier and more horri-
fying prospect — multiple fires, which, under certain conditions,
would rapidly turn into raging firestorms and conflagrations.
There are two ways in which fires can originate in a nuclear
explosion. First, by the ignition of trash, window curtains, rugs,
bedspreads, leaves, dry grass, and similar combustible material,
as a result of the heat radiated by the explosion. Second, by
upset stoves, electrical short circuits, and broken gas lines caused
by the blast. The heat from a rwenty-megaton air burst would
be intense enough to start many fires at eighteen miles from the
point of detonation. In an explosion on Columbus Circle it is
most likely that, except for the southern half of Staten Island,
which is more than eighteen miles away and is partially shielded
by hilly terrain, at least ten fires per acre would occur in every
part of the city. Since the total area of the city is approximately
200,000 acres, one could expect well over a million fires to break
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out within half an hour. Assuming that fire-fighting apparatus
remained intact and that people were available to man the equip-
ment, this would offer a staggering and probably impossible
challenge to a fire department that normally handles about two
hundred and fifty fires a day.

To compound the danger of thousands of uncontrolled indi-
vidual fires, a phenomenon known as a firestorm is likely to de-
velop when a large area is burning. As the superheated air from
the fires rises, it creates a huge vacuum, into which rushes a
mass of fresh air, in much the same way that a chimney draught
operates. At times, especially at the edges of the fire, this fresh
air may move in at hurricane speeds. This phenomenon has
occurred in forest fires, in bombed cities during World War I1I,
and at Hiroshima. In the presence of a strong surface wind a
potential firestorm may be transformed into a conflagration,
which is a great mass fire entirely out of control. In a conflagra-
tion, the initial fires, in merging, spread considerably in the
direction that the wind is blowing. Similarly, the pillar of burn-
ing gases, once it has been established, slants appreciably in the
same direction; the higher the wind velocity, the more the
pillar leans over and the closer the hot and burning gases
approach combustible materials on the ground. The chjef
characteristic of the conflagration, therefore, is the presence
of a fire front, an extended wall of fire moving with the wing,
preceded by a mass of preheated, turbid, burning vapours. The
fire continues to spread in a downwind direction until it runs oyt
of fuel and may thus cause even greater destruction than a fire-
storm. The minimum area necessary to sustain a firestorm or
conflagration is thought to be about one square mile.

Following the atomic bombing of Hiroshima, the firestorm
developed after twenty minutes, achieved its maximum intensity
after about two hours, and subsided after six hours, by which
time it had burned out an area of four and a half square miles.
Seventy per cent of the fire-fighting equipment was crushed in
the collapse of firehouses, and 80 per cent of the fire personnel
was unable to respond. Although no subsurface pipes were
crushed, no leaks resulted directly from the blast, and the water
reservoir itself remained undamaged, the water pressure dropped
to zero because 70,000 pipe connexions in buildings were broken.
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Mr Mizoguchi of the administrative staff of the Communica-
tions Hospital described his experiences as follows :

The fire extended right down to the river and before long flames
were leaping all about us. We had no means of crossing the river,
and so there we huddled under the bank until that young girl from
Seno who worked in the Bureau had the presence of mind to shout
to us to swim for it. She jumped into the river and we folowed
her.

There was little reason for our having tried to cross the river be-
cause flying embers, carried by high winds, set fire to houses on the
opposite bank and we were caught between two walls of fire: For-
tunately ... we were able to lie on the bottom and splash water over
our heads and so escape the searing heat. ...

Hundreds of people sought refuge in the Asano Sentei Park. They
had refuge from the approaching flames for a little while, but gradu-
ally, the fire forced them nearer and nearer the river, until at length
everyone was crowded onto the steep bank overlooking the river.

Soon the pine trees in the park were afire. The poor people faced
a fiery death if they stayed in the park and a watery grave if they
jumped in the river: I could hear shouting and crying, and in a few
minutes they began to fall like toppling dominoes into the river.
Hundreds upon hundreds jumped or were pushed in the river at this
deep,. treacherous point, and most were drowned. The sight was un-
believable. For myself, I lay there in the river and splashed water
over my head when the heat from the licking flames became un-
bearable, .

Dr Hanaoka, head of the Internal Medicine Department of the
Communications Hospital, described the following scenes :

Be‘twcen the Red Cross Hospital and the centre of the city I saw
nothing that wasn’t burned to a crisp. Streetcars were standing at
Kawaya-cho and Kamiya-cho, and inside were dozens of bodies,
b{ackcned beyond recognition. I saw fire reservoirs filled to the brim
with dead people who looked as though they had been boiled alive.
In one reservoir I saw a man, horribly burned, crouching beside
another man who was dead. He was drinking blood-stained water
out of the reservoir. Even if I had tried to stop him, it wouldn’t have
done ‘any good; he was completely out of his head. In one reservoir
there were 50 many dead people there wasn’t enough room for them
to fall over: They must have died sitting in the water.

Even the swimming pool at the Prefectural First Middle School
was filled with dead people. They must have suffocated while they

N.D.~3
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sat in the water trying to escape the fire because they didn’t appear
to be burned. ... )

That pool wasn’t big enough to accommodate everybody who tried
to get in. You could tell that by looking around the sides. I don’t
know how many were caught by death with their heads hanging over
the edge. In one pool I saw some people who were still alive, sitting in
the water with dead all around them. They were too weak to get out.
People were trying to help them,but I am sure theymust have died. ...

At Nagasaki, with large areas of the Urakami valley only
lightly built up, and with a strong wind blowing the fire up the
valley in a direction where there was nothing to burn, no fire-
storm developed at all. Nevertheless, all buildings within one
and a quarter miles of ground zero were destroyed. It is in-
teresting to note that in both Japanese cities there were few frac-
tures, concussions, or other severe mechanical injuries since
those who had been badly injured by blast were killed by fires
that swept the city before rescue operations could be started.

The firestorm at Hamburg which followed the great raids of
July 1943 was even more intense and lasted longer than the one
at Hiroshima. It completely destroyed twelve and a half square
miles. The consulting pathologist to the German Tenth Military
Defence Area in Hamburg provided the following vivid des-
cription :

" Soon after the sirens had sounded — a little before midnight on a
clear night — the first bombs dropped. The warning was adequate
for everyone to go to his shelter or bunker, and thereby evacuate the
streets. High explosives and ‘air mines’ destroyed houses, created
craters in streets and courtyards, ruined lighting and the power syp-
ply, and opened gas and water mains (no gas escaped from the gas
mains). At the same time incendiary bombs started fires which spread
gradually in thickly inhabited parts of town in a very short period of
time. Thus in several minutes whole blocks were on fire and streets
made impassable by flames. The heat increased rapidly and pro-
duced a wind which soon was of the power and strength of a ty-
phoon. This typhoon first moved into the direction of the fires, later
spreading in all directions. In public squares and parks it broke trees,
and burning branches shot through the air. Trees of all sizes were
uprooted. The firestorm broke down doors of houses and later the

flames crept into the doorways and corridors. The firestorm looked
like a blizzard of red snowflakes.
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“The Fire Effects of Bombing Attacks’ gives the following addi-
tional information:

Within 20 minutes after the first wave had attacked Hamburg,
two out of three structural units within a 4-5 square mile area were
afire. In the absence of a strong wind the interacting fire winds,
started by many individual fires (augmented by the effects of heat
radiation over intervening spaces), merged the aggregate blazes into
one inferno. The pillar of burning gases rose more than2-5 miles high
and was about 1-5 miles in diameter. The rapid rise of hot, burning
gases caused an influx of new air at the base of the pillar. This on-
rush of air, or fire wind, reached gale-like proportions as‘it headed
toward the fire centre. One and a half miles from the fire area of
Hamburg this draft increased the wind from 11 miles to 33 miles
per hour. At the edge of the fire area, velocities must have been
appreciably greater, since trees 3 feet in diameter were uprooted.

‘The first serious danger in houses that had not been hit and
had withstood explosions near by became apparent when the
lights went out, the water stopped running, and cracks formed
in the walls. As the temperature increased 1n the streets from
the spread of large-scale fires, many of the occupants of the air-
raid shelters realized the precariousness of the situation, yet very

-few tried to escape. As time passed the air in the shelters became
increasingly bad, and people began to lie on the floors where they
could breathe easier. Some vomited and lost bladder or bowel
control. Many looked out, saw that everything was on fire, de-
cided they could not get through, and withdrew into the corners
of the shelters. Some tried to get out of the burning areas — for
them it was a race with death. From the number of face-down
corpses found in corners, behind rubble or walls, and in open
places near tree stumps and parked cars, it was evident that the
people of Hamburg had tried every possible means of escaping
from the ‘heat that turned whole city blocks into a flaming hell’.

The only safe refuge was the water of the canals and the port,
and most of those who did manage to get there were completely
exhausted. Their lips, mouths, and throats were dry, and their
hands and faces were blistered. Many collapsed and died. Others
jumped into the water, but even there the heat was hardly bear-
able. Those who had blankets and handkerchiefs soaked them
and protected themselves with the wet cloths, but the rate of
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water evaporation was so rapid that this procedure had to be re-
peated every few minutes.

In the meantime the burned-out houses caved in. Bodies found
in basement shelters were covered with rubble. Although these
subterranean shelters withstood the explosions and fire, death
had come to many an occupant without his suspecting it was
close. Several persons were found sitting or lying in the most
natural positions; others were sitting in groups as if talking to
each other. In other shelters, however, bodies were found in a
heap in front of the exit, a grim picture of a desperate attempt
to escape. In shelters bodies were not found naked, as they were
in the streets, but the clothes often showed burned-out holes
that exposed the skin. Bodies were frequently found lying in a
thick greasy black mass, which was without a doubt melted fat
tissue. Many basements contained only bits of ashes and in these
instances the number of casualties could only be estimated.

The medical aspects of these deaths have been summarized
effectively by Cortez F. Enloe Jr, Chief of the Medical Science
Branch, United States Strategic Bombing Survey. He writes:

Hear Stroke. The time at which injury from heat occurs varies
with several fzfctors, such as the humidity of the air, the cessation of
sweat production, and the degree and duration of heat to which the
body has been exposed. In humid air, heat stroke may occur in a
tempcraturc.of 60° C. [140° F.] and not necessarily be associated
with subjective ccfmplaims. This factor accounted for the many per-
sons found dead. in rooms from which escape would have been pos-
sible and found in a position not suggestive of agony before death.

Effects of Intens'e Heat . . . Police engineers in Hamburg estimated
that temperatures in the burning city blocks went as high as 800° C.
[1,472° F.].* Hundreds of persons were seen leaving shelters
after the heat became unbearable. They ran into the streets and
were seen to collapse very slowly, as if from utter exhaustion. Many
thus felled were found naked. Two explanations have been offered
for this phenomenon: the first i3 that flames spurted across the
avenue with the speed of a tornado and consumed the victim’s cloth-

* Unidentified German documents indjcate that the air temperatures
actually reached almost 1,400° C. (2,500° F.) half an hour after the mass
fires had coalesced, and that they were maintained for almost five hours. It
was only after six hours that the temperatures dropped to 800° C. After ten
hours the air temperature was still well over 200° C. (392° F.) and cooling
off slowly.
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ing, singeing the skin; the other is that the intense heat disintegrated
the clothes without actual burning. Shoes were usually the only
covering left on the bodies. When the bodies were recovered, they
were not burned to ashes, but the body tissue was dry and shrunken
and resembled that of a mummy. In many cases, the intense heat
caused the skin to burst and retract over the elbows, the scalp, and
the orbit [eye socket]. Autopsies performed on a large number of
these bodies showed venous stasis [slowing of the blood flow and re-
sultant clotting] with increased permeability of the small blood
vessels, as well as damage to the chromatin and to practically all the
cells of the abdominal organs and lungs. This result has been attri-
buted to the inhalation of superheated air. .

Beyond the local effects of heat, overburdening of the heat—regu—
lating mechanism of the body must also be considered. Hindrance
‘of the heat exchange between thie body and the external atmosphere
may be the causative factor. Many air raid shelters closed off by
rubble produced an atmosphere intolerable to the occupants. Heat
damage was noted in members of rescue squads who entered base-
ment shelters where proper ventilation had been cut off for some
time. Escape from overheated shelters has its hazards, too. In escap-
ing through burning city blocks the danger is chiefly from radiated
heat. The inhalation of hot air may cause sever¢ damage to the
respiratory passages, such as ulcerous necrosis of the mucous mem-
branes. Whether this is a separate entity or part of the whole picture
of injury and death is as yet undetermined.

Carbon Monoxide Poisoning ... Carbon monoxide poisoning is
one of the chief types of injuries that the physician may expect to
encounter. It is the characteristic cause of injury and death from the
air in public air raid shelters and improvised home shelters. Carbon
monoxide casualties may always be expected in flaming buildings
where exits have been blocked by rubble, indicating the imperative
need for adequate exits. One can not glibly endorse the general
attitude that the basement of every dwelling affords relative safety.
It may afford safety from blast, but if the building catches fire and,
as we have said, fire is the main cause of atomic bomb damage, the
cellar becomes but a tomb. It is interesting to note that in one fire
raid on the city of Wesermiinde, 175 out of 210 corpses recovered
presented a picture of acute carbon monoxide poisoning. In Ham-
burg, it has been conservatively estimated that 70 per cent of all
casualties not resulting from mechanical injury or burns were induced
by carbon monoxide. . . .*

* Other effects of carbon monoxide poisoning can be found in Table 1 in
the Appendix.
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In addition, there may be severe after-effects, incy,, ding resi-
Ual Jegions of the tentral nervous system as well as degengrati"e

“hanges in the heart, liver, and kidney. The Megjqy ;r anch

Sutvey was not able to ascertain just how many SUrViygps from

sheltlers and basements showed such after-effects Attribyable O

: ™on monoxide poisoning. Not only carbon m°n°xide, but also

OFYgen depletion and the build-up of dangcr9us COncepratioNs

. Sarbon dioxide, pose potential hazards; their effecys , . jisted

Tables 2 and 3 of the Appendix. With respect to the possibility
ene eath from the inhalation of hot gases, it appears that air hot
ext Ugh to cause internal burns would probably cauge lethal

e1'flal burns more rapidly.

tectti r:s difficult to give definite data on satisfactory Means of pro-

Althoﬁ z population eqused to toxic gases and intepse heat.
ew a0 tgu alm::my conﬂagranons have occurred, there have been

. 1al temperature measurements. Measurements pade by
Store aélqnal .B.ureau of. S'tandards on fire tests of twgq. and five-
as 2 3’0 rick-joisted buildings showed that temperatures 55 high

22007 0° F. were reached in twenty minutes after ignjsion and
n;a' In forty minutes. Debris covered by fallen brick vais re-
eSﬁmed at about 1,000° for two to three days. According to one
nOtl:'lat-;-. the temperature reached in mass fires Probably would
X exceed 2,795°. Smouldering rubble will maintain higher
€Mperatures and concentrations of toxic gas for longer periods
than the more impressive flaming phase of a large fire. As long
8s one week after the incendiary raid on Hamburg, rescuers
found large amounts of smouldering rubble.

It has been estimated that it would take about eighteen hours
fOf' two feet of concrete, and twenty-three hours for three feet of
soil, to transmit sufficient heat to raise the temperature of one
wall from 60° to 90°, if the other side maintained a temperature
of 2,000°. Data has also been obtained from several experimental
fir €s, including the burning of a two-storey four-apartment
bllflding, with stucco-covered exterior, sheetrock-covered in-
terior, oak floor, and scrap lumber to simulate furnishings. For

observation purposes, an intake vent was placed in the centre of
a first-floor living-room. The building was ignited and permitted
to burn to the ground. The second storey collapsed around the
vent about forty minutes after ignition, at which time gas tem-
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peratures exceeding 2,500° were recorded for short periods. As
the building began to collapse lethal concentrations of C'f“'bon
monoxide were detected, the highest concentrations occurring as
¢he roaring fire began to die down and the building was feduced‘
t0 a pile of rubble. Forty-four minutes after the building Was
set on fire the air at the intake vent inside the building
was found to contain 32 per cent carbon monoxide, 8 per
cent carbon dioxide, and 0-15 per cent methane. This concentra-
gion of carbon monoxide is approximately twenty times that
required to produce death in a few hours (see Table 110
Appendix).

If shelter vents were located so that they would not be covered
by rubble, it would probably not be necessary to close them for
more than an hour or two to prevent noxious gases from con-
raminating the air. Conversely, if the vents were covered by
rubble, it might be necessary to close them for a period of days.
This conclusion is supported by tests involving two large-Sf:ale
experimental fires. However, in one of these, fatal concentrations
of carbon monoxide were found five feet from the fire, and con-
centrations high enough to cause headaches were found twenty-
five feet from the nearest fuel. The larger of these experimen.tal
fires involved only 9, and the smaller only 4, acres of burning
-material, whereas a mass fire covers at least 640 acres or one
square mile, It was possible to enter the experimental
area about an hour after the fire began, but the burned-out areas
in the German cities could not be approached for forty-eight
hours.

In the case of thickly populated, built-up areas in New York
City, a possible solution would be to place shelters so deep that
they would be adequately insulated from the heat and to provide
them with an independent air supply, which would involve, be-
sides oxygen, some device to prevent carbon dioxide concentra-
tions from building up to toxic levels. Potassium superoxide
might solve this problem, because in the presence of water it
provides oxygen and absorbs carbon dioxide. To function prop-
erly, about one-quarter pound of potassium superoxide is re-
quired per person per hour. In the absence of such a system, a

man at complete rest in a confined space needs about one cubic
yard of normal air per hour.
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How much of an area would be inflamed by a twenty-megaton
weapon? On an exceptionally clear day, following a dry spell in
the autumn, mass fires initiated by a twenty-megaton air burst
over Columbus Circle could involve not only New York City, but
almost all of Nassau County and irregular areas bounded by
Greenwich, Connecticut, Ossining, New York, and Butler, Mor-
ristown, Metuchen, and Red Bank in New Jersey. Calculations
based on soméwhat more probable assumptions (see Appendix,
p. 183) indicate that, in the absence of a low cloud cover, a
twenty-megaton bomb detonated two or three miles above Col-
umbus Circle could initiate fires that would probably involve
all of New York City (except for the southern quarter of Staten
Island), as well as Valley Stream, Port Washington, New
Rochelle, Dobbs Ferry, Paterson, West Orange, and Linden. A
mass fire is not likely to engulf this entire area since the density
of combustible material is quite low in some parts, in particular
the New Jersey flatlands.

At this point, attention should be called to the fact that it is
the contents of a building, rather,than the structure itself, that
make the critical contribution towards a fire. In Hiroshima,
damage at stairways, elevators, and in fire-wall openings, and the
rupture and collapse of floors and partitions often left fire-
resistive buildings in a condition favourable to the internal
spread of fires. Therefore, many steel and concrete buildings
that normally are relatively invulnerable to fire spread would
become completely gutted as shattered windows and demolished
doors permitted fires to feed on furniture, paper, fabric, and
other combustible material. Many buildings in New York rely
on automatic sprinklers for fire protection, but these devices
obviously would be of no value if the water mains were broken.

One of the most important factors influencing start and spread
of fire in any city is building density : the ratio of roof area to
ground area. The higher the density - that is, the more buildings
there are within a given area — the more danger there is of fires
developing into firestorms and conflagrations. The building
density of the firestorm area of Hamburg was about 30 per cent,
and the firestorm areas of other cities struck by this type of
disaster were comparable. Hiroshima had a density of 27 to 42
per cent in the four-square-mile centre of the city, but Nagasaki



Firestorm 49

had a relatively low density, a fact that probably played a major
role in preventing the development of a firestorm.

In comparing American cities with German and Japanese
cities, one must note similarities as well as differences. For ex-
ample, whereas built-up, commercial ‘down-town’ areas in Ger-
many and the United States are quite alike, the residential
sections in most American cities consist of more detached
dwellings and have a lower building density than residential
areas in Germany. This is not true, however, of larger and older
cities, such as New York, Philadelphia, and Baltimore, where
there are miles and miles of houses that are directly adjacent to
each other and that contain many backyard structures that would
burn easily. The Office of Civil Defense and Mobilization states
that ‘the conclusion is inescapable that the cities of Germany
were less susceptible to fire storms and conflagration because of
the combustibility of structures than cities of similar size in the
United States’. The cities of Japan, on the other hand, because of
high building density and combustibility of structures were’
more susceptible to conflagration than those of the United
States. However, the amount of combustible material per build-
ing (the potential fire load, or Btu content) was less in Japanese
than European or American buildings. The extent, intensity,
and duration of great fires is dependgnt upon the availability of
great masses of potential fuel. Therefore, it should be empha-
sized that the bulk mass of combustible material is much greater
in American dwellings and roof protection is considerably less
than in Japanese dwellings. In other words, fires tend to start
and perhaps spread more readily in Japanese than in American
cities, and more readily in American than in German cities. On
the other hand, there is generally more combustible material in
American buildings than in Japanese buildings and hence a fire-
storm would be of greater intensity and duration in American
cities.

The minimum roof-to-ground area ratio necessary for a fire-
storm or conflagration to develop is thought to be 20 per cent;
the minimum area capable of sustaining mass fires is thought
to be one square mile. Almost all of New York City, with the
exception of parts of Queens and Staten Island, would fulfil
these criteria. The built-up areas of the city certainly exceed one
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square mile, and most of New York City proper is more dens?ely
populated than the central portion of Hiroshima was at the time
of the attack (see Table 4 in Appendix).

Only Queens and Staten Island have an overall population
density lower than that of the centre of Hiroshima. Airports,
cemeteries, parks, and the extensive Jamaica Bay area in Queens
account for this low population figure.* However, since inhabi-
tants of both these boroughs are clustered in districts of high
population density, it is not likely that they would escape in-
volvement in a firestorm. A situation similar to the one in
Queens also exists in other parts of the New York Metropolitan
Area. Although there are a number of natural firebreaks, includ-
ing most prominently, the Passaic, Hackensack, Hudson, and
East rivers, the Hiroshima attack proved that they would not be
effective if fires were started simultaneously on both sides of a
break. Thus, those areas of high building density that are within
the eighteen-mile radius are likely to suffer from the irregularly
distributed mass fires following a twenty-megaton air burst over
Columbus Circle. Included would be the more built-up suburbs
of western Nassau and southern Westchester counties, as well as
a broad strip consisting of Paterson, the Oranges, and Newark
down to Elizabeth, and a narrower strip along the western bank
of the Hudson from the more built-up sections of northern
Staten Island through Jersey City, Hoboken, West New York,
up towards the George Washington Bridge area. In addition,

even in low-population sections where there is little combustible
material, fir

areas es are likely to spread via grass, brush, and woodland

In the light of these considerations,
escapable that the many fires initiated
twenty-megaton Wweapon over mid
alesce into several masg fires, Whe
form of a single firestorm,
conflagration is uncertain, S
indicate that even whep r
fire-bomb attacks the fire

in the conclusion appears
by the detonation of a
-town New York would co-.
ther these would then take the
several independent firestorms, or a
tudies conducted during the last war
ain was falling during conventional
damage averaged only 20 per cent
less than that produced under favourable weather conditions.

* In the absence of fallout, some of these areas could provide a refuge
from mass fires.
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A wind velocity of more than thirty miles an hour could be
sufficient to make a conflagration possible even during or follow-
ing a heavy rainstorm, because once a fire is started it can readily
overcome the retarding effects of moisture in building walls,
roofs, and the like. Thus, even under the most fortuitous circum-
stances — for example, during a heavy rainstorm - a contact
surface burst might ignite more than 100 square miles.

The Hiroshima firestorm covered about 45 square miles, and
the one in Hamburg burned out 12.5 square miles. The twenty-
megaton fireball, with a diameter of 4.5 miles by itself, would
cover more than 15 square miles, and, on a clear day, a twenty-
megaton air burst could ignite more than 1,000 square miles!



Chapter 4

The Human Reaction:
Fear and Fhght

We can safely predict that fear would be the overriding human

response to nuclear attack and its immediate consequences. This

response may express itself in several forms, some of which aid

survival, some of which impede it.* Overt actions are orientated

towards escaping from the site of danger, but the psychological

‘state may persist long after the actual danger has subsided. This
persistent state is characterized by intense fear, fight wndencies,
or a ‘ittery’ alertness to minor signs of threats that are ordin-
arily disregarded.

F. C. IKklé in his book The Social Impact of Bomb Destruction
points out that survivors of a nuclear explosion are likely to flee
the firestorm as fast as they can, thereby avoiding death by heat
or asphyxiation. Flight to escape from actual peril or even only
to avoid potential danger is therefore a reasonable action and,
as a rule, one of only short duration. This type of overt flight
reaction may lead to what is often called panic: throngs of
people racing to escape some danger, often in a disorganized
fashion, disregarding the social inhibitions that govern normal
human relations and ignoring instructions given prior to the dan-

* An individual gripped by panic may exhibit two kinds of behaviour.
The first is a so-called cataleptic reaction which manifests itself as a general
paralysis. The individual looks like a dead man, he cannot talk or move, he
does not hear, though at every loud noise his body contracts. Only the eyes
are alive and convey the terror. The other response is the temper tantrum.
A soldier may attack his buddies, shoot at his own troops, or behave like a
child in a rage. A woman shouts, heaping abuse on some innocent by-
stander, or wanders aimlessly about wringing her hands or crying for help.
In each case 'the actions are clearly uncontrolled. These responses have
been observed only rarely in previous disaster situations, but because a
nuclear attack would elicit deep revulsion from the sight of an unprece-
dented number of maimed bodies, it is possible that many more pcople
would have these extreme fear reactions.
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ger. However, the term ‘panic® when applied to such a situation
may be a misnomer. Flight, even when disorganized, is a posi-
tive, self-preserving act and a different phenomenon from panic.

The Committee on Disaster Studies of the National Research
Council of the Academy of Sciences defines panic as ‘highly
emotional behavior which is excited by the presence of an im-
mediate severe threat and which results in increasing the danger
for the self and for others rather than reducing [it]’. Panic usually
develops if there appears to be no alternative to flight and if
people fear that they may be trapped or that escape routes may
become blocked.* The resultant hysterical crowd is likely to be
a menace to itself and to others. An example of this is the Cocoa-
nut Grove fire in Boston, during which many of those gripped by
panic piled up in front of the main exit and perished, but others
who were led into a walk-in refrigerator in the back survived.

Panic may even involve an entire nation, as it did when France
fell in June of 1940, after the disintegration of the French army
and its compromised leadership. The contrast berween the
orderly, and even heroic, withdrawal of the British at Dunkirk
and the newsreel pictures of the hordes of French civilians and
deserting soldiers clogging the roads south of Paris clearly
illustrates the distinction between flight and panic. A series of
circumstances — a population sensitized by previous historical
experience, prolonged anticipation of impending disaster, a badly
guided evacuation, and a confused central government — com-
bined to create a general panic which probably contributed sub-
stantially to the defeat of that demoralized country.

After the atomic bombings in Japan ‘the unexpected scope of
the catastrophe resulted in panic, and therefore many of the
civilian defence workers and auxiliary medical personnel did not,
‘or could not, report to their stations’. The term ‘flight’ should
probably be substituted for ‘panic’. Although there may have
been some instances of panicky behaviour, in general the im-
mediate response to the explosion was adaptive activity such as
digging out of the debris, fleeing the burning city, or assisting
in rescue operations.

* Iklé considers one of the most ill-advised defence measures in the
United States the placing of signs along the outgoing highways from large
cities indicating that in the event of enemy attack those escape routes would
be closed.
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If the behaviour following the atomic explosions was adaptive
and saved the lives of those not physically incapacitated, be-
haviour less dominated by fear might have saved still more lives.
The calls for help that came from the wreckage of every second
or third house at Hiroshima were ignored by the fleeing sur-
vivors who were generally too preoccupied with themselves or
their own families to help trapped neighbours. Furthermore, the
fear remained long after the immediate crisis situation. Dr
Takashi Nagai, author of We of Nagasaki, has described the fear
that prevented him from leaving the shelter to cross the open
spaces to the ruins of his neighbourhood : ‘Any instant now there
might be another great flash overhead. I was shaking with
fear ...’ Human activities were paralysed by overwhelming,
constant fear.* Dr Nagai also points to one of the lasting conse-
quences of the flight reaction, guilt. Those who survived had fled
their neighbourhoods while friends and family died. Many of
the survivors felt that they had saved their own skins without
stopping to help their neighbours, and they were haunted by
that knowledge.

Whereas guilt is usually felt most strongly after the crisis sub-
sides and may persist throughout a person’s life, lethargy, pessi-
mism, and general depression usually appear within hours or
days. The most prominent symptoms include lack of interest in
normal social activities, general apathy, absence of initiative, and
abnormally low levels of energy. In addition, whether they are
depressed or not, disaster victims show a strong tendency to
depend on authoritative persons, particularly when they first
become aware of their plight. People in this emotional state
become completely passive and follow any directive in an
almost automatic way. An example of this phenomenon was
observed at Hiroshima and described by Dr Hachiya, direc-
tor of the Communications Hospital, in his book, Hiroshima
Diary:

* It should be stressed that the survivors of the Japanese bombings did
not have to cor.ltend with fallout — more important from the point of view
of post-detonation psychology, they had never even heard of fallout. This
meant that although the survivors were victimized by fear, the relief par-
ties, in general, were not. In the case of a thermonuclear attack, on the
other hand, relief parties would be conscious of the potential threat of
radiation and would probably proceed with timidity.



Fear and Flight 55

Never again would I be witness to such destruction and such a
spiritless people. ... After the pica [flash] the entire population had
been reduced to a common level of physical and mental weakness.
Those who were able walked silently towards the suburbs and the
distant hills, their spirits broken, their initiative gone. When asked
whence they had come, they pointed to the city and said ‘that way’
and when asked where they were going, pointed away from the city
and said ‘this way’. They were so broken and confused that they
moved and behaved like automatons . .. long files of people holding
stolidly to a narrow rough path, where close by was a smooth easy
road going in the same direction.

The immediate survivors of a disaster are also frequently so
frightened or so stunned that they cannot utilize the resources
available to them with the greatest effectiveness, nor can they
muster the courage to conduct rescue operations. Nowhere is
the incapacitating effect of fear more clearly illustrated than by
the events that followed the sinking of the Titanic in 1912. Of
sixteen hundred men, women, and children in the icy water only
thirteen people were picked up by the half-empty lifeboats
nearby. Only one of the eighteen boats made the attempt to
return and rescue them. The others failed to lend assistance out
of fear of being swamped. In boat after boat, the suggestion to
80 back and help was countered by the sentiment, Why should
we lose all our lives in a useless attempt to save others from the
ship? * '

The damaging effect of fear is therefore not so much that it
elicits the flight reaction, which is a healthy, normal, and life-
saving response, but that it leads to a paralysis of judgement and

_action that tends to prevent the maximum use of available re-
sources and thereby prevents preserving the maximum number
of lives.

Fear for one’s own safety is not the only psychological re-
sponse to danger. Social interactions may be drastically altered
during times of great stress. Violent events that threaten one’s
life or well-being bring about changes in values, changes that

* In this connexion, one may question whether shelter areas designed to
protect survivors from fallout would be used with maximum efficiency if
those who arrived early suspected that there would not be enough room
for more people.
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apparently do not involve substitutions of new values for old,
but rather a shift in the emphasis on existing values. This shift
in emphasis is almost instantaneous as the disaster strikes, and
involves, in particular, relationships of an individual to his family
and to the value of status and property. The individual immedi-
ately becomes concerned about his family, sometimes putting
their safety even before his own. This phenomenon contradicts
the more popular impression that disaster tends to release the
amoral and totally selfish tendencies in man.

In contrast to concern about the family, property loses its
significance at the time of general disaster; loss or destruction
of materia] goads is usually not the cause of serious grief. Social
Status and personal identity also lose their importance. What is
significant in an emergency is not the position a person held in
pre-disaster society, but rather what capabilities- he possesses
that could be used effectively in coping with the crisis.

Society is composed of sub-units, among which are primary
groups, such as families, and secondary groups, such as business
Orgal.ﬁzations. Members of primary groups have daily personal
relationships with each other and provide for each other’s safety
and welfare; the most intense loyalties are directed towards the
people in these small groups. The most numerous and most
SIgmﬁcarft Primary group in the United States is the family. The
extreme importance of the family in disaster is revealed during
the t.hreat, the actual impact, and throughout the crisis situation.
Dur.".]g the actual impact, people try to survive and protect their
families. At the time a family is threatened with disaster, wives
tend to worry first aboyr their children, second about their hus-
bands. .on the other hand, husbands concern themselves about .
their wives .ﬁ“’t’ then their children. When, and if, the safety of
th.e family is assured, both turn next to close relatives, then to
friends and neighbours, last to casual acquaintances and
strangers.

In the post-disaster period the survivors first attempt to estab-
lish contact with all immedjage family members. Husbands and
fathers take the initiative in looking for their families, providing
for them, and ensuring thejr safety, doing so at the expense of
their other social duties and obligations. The ability to cope with
a disaster situation is greatly improved once the family is re-
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united.* Aside from the family group, only the neighbourhood
and work groups have any significance for ordering behaviour in
a crisis situation,

At Hiroshima, the day after the bombing, the Communications
Hospital became crowded with parents ‘half crazy with grief .
scarching for their children, as well as husbands looking for
wives, and children for their parents. Dr Hachiya, director of
the hospital, describes how ‘one poor woman, insane with anx-
iety, walked aimlessly here and there through the hospital
calling her child’s name’.

Prolonged fear reactions in World War II increased with
‘narrow-escape’ experiences, and in other types of disasters it has

. been found that fear is prolonged as the future of the victims
remains uncertain. Since nuclear-attack survivors would prob-
ably suffer varied and sustained threats to their lives, these fear
reactions are likely to persist for longer periods of time than
those following conventional bombings.t

The pattern of fear and shock may vary from one mdlwdual
to the next. However, regardless of the pattern, there is always,
at least temporarily, some impairment of mental efficiency
which decreases the ability to perceive reality correctly. This
inability to appraise properly the safe and dangerous features of
the disaster environment and to evaluate realistically the conse-
quences of alternative courses of action would seriously inter-
fere with rescue and relief activity. The impairment of sound
judgement probably would be more severe in the case of a
nuclear explosion, not only because of the very large numbers
of people involved, but also because a nuclear disaster involves
a series of successive threats each very different in nature from
the previous one. For these reasons, many erroneous decisions
are likely to be made during the immediate post-attack period -
decisions that could prove fatal.

* In view of this one may question the practicality of current Civil De-
fence policies which expect parents to remain at home and children to
remain in schools while anticipating impending disaster. Similarly, follow-

ing attack, the urge on the part of mothers to go to their children, regard-
less of fallout radiation, might well cause many casualties.

1 These physiological-psychosomatic manifestations include nervousness,
excitability, hypersensitivity, sleeplessness, loss of appetite, headaches, in-
ability to concentrate, nightmares, and in some cases a persistent dazed and
confused condition.



Chapter 5

The Residue: Fallout

As was pointed out in Chapter 2, the detonation of a twenty-
megaton weapon on Columbus Circle would result in a hole 640
feet deep and half a mile across.* A large nuclear explosion
creates this hole not only by blasting the earth, but also by
vaporizing the material touched by the fireball. In the case of .
the Columbus Circle detonation this means that not only the soil
and bedrock, but also most of the buildings and people in the
half-mile area, would be totally evaporated,

As the fireball reaches the upper, cooler layers of the atmo-
sphere, condensation occurs and in certain layers the condensed
material begins to spread out, forming the characteristic mush-
room cloud. For a twenty-megaton explosion, most of the
material would probably condense between 60,000 and 110,000
feet. The cloud becomes stabilized about ten minutes after
detonation, at which time gravitational and meteorological forces
begin to dominate the behaviour of the cloud particles, causing
them to descend and to spread over the countryside. The heavier
Pparticles land close to ground zero, descending like a mild desert
sandstorm, while the lighter particles are carried down-wind.
Both the heavy and light particles, containing fused fission pro-
ducts, are highly radioactive and constitute the local fallout.
They can, of course, pose a most serious threat to life many

miles down-wind from the explosion.

It is difficult to gain a full understanding of the biological
effects of local fallout because very few human populations have
been exposed to relatively high levels of fallout. There was
Virtually no fallout in Japan since both detonations involved air,
Tather than surface, bursts. Any radiation injuries that did occur

* The reader should keep in mind that only those explosions in whiqh
the fireball touches the ground, which are the subject of discussion in this
“hapter, produce an appreciable amount of local fallout.
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were from the initial nuclear radiation suffered by mqse ‘;h g
were close to the hypocentre. Fallout accidentally injur¢
group of Marshall Islanders and American service personn®
following the detonation of a nuclear device at the Pacific PrOV-
ing ground in the spring of 1954. A careful study of these V¢
tims has provided much information, on which much of this
chapter is based.

Fallout injuries can be divided into three general classes.
These are the syndromes of whole-body radiation 'injury, Wh‘f::;
are produced by penetrating, hard gamma radiation; superfict
radiation burns produced by soft radiations (beta and low-energy
X or gamma radiations); and radiation injury produced by the
deposition of radioactive substances within the body. In the last,
the clinical picture would depend on where in the body t.hc
substances were placed and how much of this radioactive
material was deposited. In each of these classes there is an early
phase, in which a person would experience acute signs *}n.d
symptoms, and a late phase, in which chronic changes or mani-
festations such as cancer would occur. In each case the degree
of injury is proportional to the dose, particularly with whole-
body irradiation.

The syndromes resulting from total-body exposure in man
are similar to those that have been studied in greater detail in
other mammals. After large doses of several thousand roentgens
or more, what is known as a Central-Nervous-System Syndrome
is produced. An individual suffering from the CNS will be-
come hyper-excitable, lose his muscular coordination, experience
respiratory distress, fall into intermittent stupor, and will die
within hours #r days — doses capable of producing this syn-
drome are invariably fatal. Doses in excess of 1,500 roentgens
may not produce the CN'S Syndrome but are sufficient to pro-
duce the Gastro-Intestinal Syndrome and are also always fatal.
The GIS is so named because of the marked nausea, vomiting,
diarrhoea, and denudation of the small bowel mucosa. Human
cases of GIS leading to death in the first week are well docu-
mented clinically and pathologically. Doses below 1,500 roent-
gens produce a GIS of decreasing duration; in fact, if the dose
is sufficiently low, the exposed individual will vomit for a rela-
tively short time and may survive, providing the Haemopoietic



60 The Residue

Syndrome does not prove lethal. The HS involves the blood
system, including anaemia, and results in impairment of bodily
functions due to a general oxygen deficiency; a decrease in the
number of white blood cells circulating in the bloodstream
(granulocytopenia), with accompanying depressed defences
against infection; and a reduction of the blood platelets (throm-
bopenia), which reduces the blood’s ability to clot and which
may be associated with the appearance of haemorrhagic lesions
(purpura) in ‘the skin, mucous membranes, and internal organs.
Any of these may be, but are not necessarily, fatal. After the
atomic bombings in Japan deaths from infection were most
prevalent in the second to fourth week, and from haemorrhages
in the third to sixth week, although radiation deaths occurred as
late as the seventh week.

In order to study the effects of radiation on large populations,
scientists have developed a measure to determine how much of
any lethal agent is necessary to kill 50 per cent of any given
population. The lethal dose of radiation required to kill 50 per
cent of a human population (LD50) is generally considered to
be at around 450 roentgens, whole-body radiation. However, on
the basis of haematological effects seen in the Marshall Island
data, the L D50 seems to be closer to 350 roentgens for fallout
gamma radiation. Among the young, the aged, and the debjjj-
tated, some people might even be killed by doses as low as 2725
roentgens.

These figures may well prove to be correct for human POpula-
tions deprived of adequate medical care. This means that tpe
‘biological’ L. D50, i.e. if man were left to his own devices oy, in
nature, in contrast to the ‘cultural’ LD50, i.e. with nursing cqpe
and medical attention, is more likely to be around 350 Ioentgens
for a ‘typical’ population, which includes the very young, the
very old, the ill, as well as the young and vigorous. A 1961
National Academy of Sciences report points to the fact that pub-
lished figures of animal LD50s have usually been based on
experiments utilizing vigorous, young-adult animals anq are
therefore maximal, or nearly so. Young, immature animals or

older animals beyond their prime of life are much more gys-
ceptible. Similarly, resistance to radiation is correlated wijth
general vigour, for the most radiation-resistant strains tend tg pe
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longer lived and less susceptible to spontaneous infectious
discases.

Individuals exposed to radiation in the lethal range, above
perhaps 225 roentgens, where some but not all will die in the
first several weeks following exposure, can be divided according
to symptoms and signs into three groups in which survival is,
respectively, improbable, possible, and probable. There is no
sharp line of demarcation among the groups.

If vomiting occurs promptly or within a few hours and con-
tinues and is followed in rapid succession by prostration, diarr-
hoea, loss of appetite, and fever, the prognosis is grave, and all’
persons thus stricken will almost definitely die within the first
week. Since there is no known therapy for these people, in a
catastrophe attention should be devoted principally to others for
whom there is some hope. Among those for whom death is
possible but not definite, vomiting may occur early but will be
of relatively short duration followed by a period of well-being.
However, during this period of well-being marked changes are
taking place in the blood tissues: many of the blood cells and
other blood constituents are profoundly depressed; signs of
infection may appear after a week; external evidence of bleeding
may occur within two to four weeks. This group represents the
uncertain cases, with a latent period of from one to three weeks
with little clinical evidence of injury other than slight fatigue.
At the end of the latent period, the patient may develop a num-
ber of signs and symptoms of the haemopoietic syndrome, any
one of which may be fatal.* The mortality will be significant but
with the appropriate therapy — good nursing care, blood trans-
fusions, bone-marrow grafts, antibiotics, maintenance of electro-
lyte and water balance — survival time can be prolonged, and if

-sufficient time is provided for bone-marrow regeneration the
survival rate will be increased. The group for whom survival is
probable consists of individuals who may or may not have had
fleeting nausea and vomiting on the day of exposure. In this
group there is no further evidence of effects of the exposure
except the changes that can be detected by studies of the
blood. All defences against infection are lowered even by
sub-lethal doses of radiation and therefore patients should be

* For a more complete description, see Appendix, p. 185.
N.D.— 4
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kept under close observation and administered appropriaté
therapy.

Superficial radiation burns produced by beta or low-el’l"-f.gy
X or gamma radiations do not seriously aggravate the reducuon
in blood cells caused by the penetrating radiation. However
with more severe degrees of blood depression, open wounds
caused by the radiation burns would present additional portals
of entry for invading micro-organisms. Thus the chances of
recovery would be diminished as a result of the combined injury-

Twenty-four to forty-eight hours after exposure to the snow=
like fallout, one-quarter of the sixty-four exposed Marshall .Is-
landers on Rongelap Island experienced itching and a burning
sensation of the skin. A few also complained of burning and
tearing eyes. All skin symptoms subsided within one or two days
‘but evidence of cutaneous radiation injury appeared about two
weeks after exposure when skin lesions and loss of hair became
apparent. During the early stages of development of the lesions
the victims felt itching, burning, and slight pain with the more
superficial lesions and severe pain with deeper lesions. The
deep, foot lesions were the most painful and caused some of the
P?Oplc to walk on their heels during the acute stages. Some of
the more severe lesions of the neck of armpits were painful when
turning the head or raising the arms. The lesions did not pro-
duce any constitutional symptoms, but some, particularly those
of the feet, became sccondarily infected and required anti-
ziZZf:t-e?:WWer{ most healed rapidly and new skin covered the
took severarle:o‘:tl::?oah\ev::k 19 e days, although one ear lesion
no’trhe de‘posm(m of ,radiOaCtiVe substances within the body did

prove to be a serigyg immediate da Marshall
Islanders. How nger among the Mars
¢ remembered that that was 23
city might produce fallout Wi:ha i‘:ffai; purst on an Axne‘n(f?;
Furthermore, the Marshay Islandersrzv ferent characterist -
lation that was evacuateq Within ane ere an unprotected poplu-
body radiation and Superficial burpg :’r two days; thus wh? e_
portance. In a larger, urban ares oh ere.of. much gr.eater im:
inhabitants would try 1 seek ptot’ ’here it is more likely that
the city, the results mighy b cction rather than escape from
quite different. For example, indi-

ever, it must b
megaton burst on coral, wherea,
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viduals housed in a shelter in the fallout zone for a long period
of time might possibly breathe in the very small particles that
can enter through shelter ventilating systems. The effects of
these inhaled radioactive particles are not fully known. In human
beings and animals, the principal effects of radiaton to the
respiratory tract are pneumonitis and fibrosis; and in experimen-
tal animals it is also carcinoma. There is no reason to think that
carcinogenesis would not also be one of the effects on man,
despite the lack of definitive evidence at present.

In spite of a good deal of public emphasis on the potential fall-
out threat, the extent of the danger and the area that would be
threatened is uncertain and difficult to predict in detail. As
indicated above, the heavier fallout particles return to earth near
ground zero, whereas the lighter particles mav be carried for
considerable distances by the prevailing winds. The horizontal
distance traversed by any given fallout particle depends upon
the height reached before descent, the size of the particle, and
the wind pattern. It is difficult to predict the over-all pattern
of fallout because none of these three variables can be ascer-
tained in advance.

A megaton-class weapon has never been exploded on granite,
much less on the granite bedrock on which the steel and concrete
Structures of large cities rest. This means that the rate of con-
densation, and the consequent size of the particles, cannot be
predicted. Therefore neither the height nor the rate of descent
would correspond exactly to fallout from experimental bursts,
such experience having been limited to kiloton bursts on silicate,
as in Nevada, or megaton bursts on coral, as in the Pacific. It is
not even certain how much of the fallout would descend locally
and how much would consist of particles so small that upon
injection into the stratosphere they would become part of the
world-wide fallout.* Nor is it certain just how radioactive all this
air-borne material would be. The presence of large quantities
of structural materials like glass, steel, and concrete, containing
sodium, silicon, iron, nickel, copper, zinc, manganese, and cobalt,

* The Holifield Hearings assumed that 80 per cent of the fallout would
be local and would descend within two days following a contact surface
burst. The 1962 cdition of The Effects of Nuclear Weapons assumed that
60 per cent would descend locally.
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could add significant amounts O

f radioactive substances 10 the
fallout. These elements become radioactive as a result of being
bombarded by the tremen

dous number of neutrons released by
the fusion reaction. For example, if substantial amounts of the
long-lived, radioactive isotope of cobalt were contained in the
fallout, the radiation dose a year after the detonation would be
appreciably higher than it would be if the fallout contained
only fission products.

Even if the exact size and radioactivity of the particles were
Kknown, it is not possible to predict the wind pattern. A wind
pattern may show simple, smooth contours, or it may have
varying velocities and varying directions at several altitudes.
Were a smooth, uniform wind to act on the mushroom cloud,
the fallout would still not be distributed uniformly. Micro-
meteorological variations produced by hilly terrain, firestorms,
and other phenomena would create turbulence and variations in
deposition. Furthermore, fallout particles, particularly the smal-
ler ones, tend to travel much more in a horizontal than in a
vertical direction, resulting in the formation of drifts. Thus, in
an area exposed to fallout, there would be patches with fallout
piled up around obstructions (like snowdrifts) alternating with
only slightly contaminated patches. Once the fallout has settled
it is subject to ‘weathering’,* which involves a complex inter-
actio‘n between the chemical species present in fallout, their
varying physical form, the chemical and physical proper,ties of
the soil or other surfaces, plus the mechanical transport caused
by wind, precipitation, and earth movement. One could :120
zzf;a‘::e:i“- effect on plant and animal life as they pertain to soil

If one twenty-megato
Circle we migtlzt ’exsectnorlslc;mtl:xo::::ted;:ﬁgflf ;f;tco!“m})us
because the hi i it ili amination,
ecau atmgsh;‘gh wind velocities prevailing in the deep column

phere above New York would tend to blo f

* Not much is known about weatherin is i o
Ralph Lapp points qut, there is an ur, er;!t’ a0 Tmat s is classified. As
physical and chemical behaviour of Tallout parsicles an con perts O

g materials, and surfaced roads. In paricles on soil surfaces, build-

data, no reasonable estimates can be mthe absence of reliable weathering

to be expected from a contaminated :ueaade concerming the long-term doses
1 For a more detailed discussion of the

fallout pattern, see PP. 186-9 of the Appen divxarious factors influencing the
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the radioactive debris out to sea. Nevertheless, there would still
be a 4,800-square-mile area in which unshielded objects would
receive a total dose of 2,100 roentgens by the end of the second
day, with an additional 575 roentgens during the next twelve
days. Between the end of two weeks and two months a dose of
170 roentgens would be accumulated, with another 100 roent-
gens during the next ten months.*

These figures illustrate the average dose rates to unshielded
objects three feet above ground. However, the doses actually re-
ceived by people and many other organisms would be less,
depending on the extent of protection provided by natural and
artificial shielding. Scientists measure such shielding in terms of
‘half-value layer thickness’, which is the protection needed to
reduce the radiation by half. This means that if an individual is
protected by one half-value thickness the dose is cut by a half;
if he has two, the dose is cut to a quarter (3 x 4); if he has three,
the dose is cut to an eighth (3 x 4 x 1); and so on. The ‘shielding
factor, that is, the extent to which the radiation is reduced, is
then measured in terms of half-value thicknesses, so that one
half-value thickness provides a shielding factor of 2 (2!), two
half-value thicknesses provide a factor of 4 (22), three half-value
thicknesses provide a factor of 8 (23).

The Effects of Nuclear Weapons gives the following approxi-
mate half-value layer thicknesses for gamma rays from fission
products :

Steel 0-7 inches
Concrete 2.2 inches
Earth 3.3 inches
Water 4.8 inches
Wood 8-8 inches

This means that a woodchuck hibernating 33 inches below
sround would have ten half-value thicknesses of matter between
t and the fallout. He would have a shielding factor of 21° and
vould thus receive only 1/1024 of the radiation he would have
eceived above ground. The woodchuck would therefore not
ace much of a threat from radiation, nor would any other ani-

* For a detailed discussion of the fallout pattern from the Columbus
ircle burst, see pp. 189-95 of the Appendix.
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mal that happened to interpose the necessary amount of matter
between it and the fallout for sufficiently long periods of time.

In the case of man, the first floor of a wood-frame house
would provide a shielding factor of 1.7 - that is, it would reduce
the fallout dose by 1.7 — which would only be significant if the
fallout were relatively light. However, lying on the first floor of
a two-storey brick veneer house increases the shielding factor to
6. If either house has a completely underground basement a
‘shielding factor of about 25 is likely at the centre of the base-
ment. It stands to reason that if one lies in such a basement
under a strong piece of furniture — a table, desk, bed, or filing
cabinet covered with doors — on top of which have been piled
ten inches of earth (three half-value thicknesses), one would be
protected by an additional shielding factor of 8, which brings
the total to about 200. Although more protection is always de-
sirable, a shielding factor of 200 is certainly adequate for the
fallout field under discussion. A person lying in the centre of
an apartment-house basement that has partially exposed walls
would be protected by a factor of 50 to 250. The same would
be true if he was in the centre of a floor near midheight of a
large building. A completely underground basement of a multi-
storey building would similarly provide a shielding factor of 250
to 1,000; sub-basements, of course, are even better. A simple
one-man foxhole three feet in diameter and four feet decp can
provide a shielding factor of about 40 if there is fallout present
up to the edge but none inside. If an area three or four feet
wide around the foxhole is kept free of fallout material, a protec-
tion factor of 100 or more g possible. This kind of emergency
measure would probably be particularly effective if the foxhole
were dug downwind from a row of trees or other kind of wind-
break.

The preceding information will be clearer if we take as an
example 2 moderately heavy fajjout field in which the dose out-
side — where there is no prorection - is 5,000 roentgens. The
man inside the Wood-frame house would receive approximately
2,950 roentgens, which, in Jight of the assumed LDSO0 of 450
roentgens, is fatal. The persop, jn the brick-veneer house, with a
shielding factor of 6, Would receive about 833 roentgens, which
is still in the lethal range. However, if either of these people re-
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treated to the basement of his house, he might receive only 200
roentgens and would be likely to survive. Those persons pro-
tected by a completely underground apartment-house or office-
building basement might receive as little as 5 to 20 roentgens,
which is not sufficient to produce any symptoms. The man in
the foxhole would receive 50 to 125 roentgens and would prob-
ably survive.

It should be apparent from the above discussion that it is pos-
sible to protect oneself from fallout radiation. However, the most
noxious aspect of fallout is not that it is impossible to protect
an informed population against it, but rather that fallout, or even
only the threat of fallout, immobilizes relief forces and prevents
virtually all rescue and relief operations. If telephone lines are
down, they stay down. If water mains are ruptured, they stay
ruptured. If a house catches fire, it burns down. And the injured
are unikely to reach a hospital or see a physician. For this reason,
most injured persons within the New York City limits — or
within any large city struck by a twenty-megaton bomb - are
likely to succumb to either fire or fallout.

A prediction of the over-all number of fatalities that a large
city would suffer is, of course, more tenuous. For example, if
We compare a twenty-megaton attack with the Hiroshima explo-
sion we must keep in mind not only that a twenty-megaton
weapon is one thousand times as powerful as the Hiroshima
bomb, but also that Hiroshima is roughly comparable in both
size and population to the Astoria-Long Island City section of
New York, which comprises only about 3 per cent of New City’s
total area and population. However, despite these and other un-
certainties (including the fact that the Hiroshima explosion pro-
duced no fallout), a casualty estimate has been made, which
states that the Columbus Circle detonation would kill 6,000,000
out of New York City’s 8,000,000 people, or 75 per cent of the
city’s population.* If the bomb were exploded during the day
there could be another 1,000,000 deaths added to the number of
mortalities within the city limits, because then the city is flooded

R * See Tom Stonier, The Anticipated Biological and Environmental Ef-
fects of Detonating a 20-Megaton Weapon on Columbus Circle, New York
(New York Academy of Sciences, New York, 1963).
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with a large non-resident working population, and many city
residents shift from the outlying residential sections to the com-
mercial mid-town area closer to Columbus Circle.

If the bomb were exploded in the air over Columbus Circle,
there would be virtually no fallout. However, the area involved,
both in terms of blast damage, and particularly in terms of mass
fires, would be so much larger that it would compensate for the
decrease in casualties caused by fallout. Not only would there be
many more casualties from heat, blast, and fire at greater dis-
tances, but the larger the area affected by heat and blast, the
higher would be the relative rate of fatalities to injuries. An
injured victim might be able to walk half a mile out of a devas-
tated area to reach assistance (even if only to be transported
farther out to some operating medical facility), but the same
victim cannot walk ten times that distance. This is also true of
rescue operations. There is a limit to how far a rescue squad can
penetrate into a devastated area within any given period of time.
This means that victims in the inner zones would not receive aid
in time, and the greater this inner zone, the greater the over-all
mortality ratc.

In gener al, the larger the stricken area, the more difficult it is
to cope with the disaster: the larger the fraction of total re-
sources destr'oyed, the less effective are the remaining resources
in coping Wwith the crisis. An entire city may thus be over-

whelr}’xcd so that even what resources remain cannot be utilized
effectively.
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The Aftermath






Chapter 6

The Human Debris:
Medical Problems

Boston, Massachusetts, is noted for its out-standing medical
facilities, and yet on 28 November 1942, when fire swept through
the Cocoanut Grove night club, producing 500 burn casualties,
these facilities were severely taxed. Twenty-four hours after a
twenty-megaton attack on New City, one could expect over
5,000,000 injured people within the Metropolitan Area.* The
relief of this awesome number of wounded and sick victims is
one of the most difficult problems that a bombed city would

have to face.
Medical Effects of the Atomic Bomb in Fapan gives the follow-
ing report of the destruction of medical facilities after the attacks

on Hiroshima and Nagasaki :

In Hiroshima most of the medical facilities were in the devastated
arca, and the larger part of them were extremely vulnerable to blast
and fire; conscquently casualties were heavy. Ninety per cent of the

* The 1959 Holifield Hearings estimated initially that two ten-megaton
bombs dectonated on New York City would result in 3,464,000 dead the
first day, 2,634,000 fatally injured, and 2,278,000 surviving injured. Using
the newer Naval Radiological Defense Laboratory data, these estimates
were revised and may be calculated to 3,240,000 fatally injured and
2,480,000 surviving injured. The Holifield calculations were based on the
seventeen-county Metropolitan Area 1950 population of 12,900,000. Of
these 12,900,000, 6,700,000 would be dead within sixty days, 2,400,000
would be injured, and 3,800,000 would survive without injury. Presumably
most of the survivors would be in the outlying areas of Suffolk, upper
Westchester, Rockland, Passaic, Morris, Somerset, and Middlesex counties.
One could probably expect fewer injured und more dead in New York City
proper, which would be consistent with what happened in World War II,
where the ratio of the injured to the killed was about 3 or 4 to 1 among
the English air-raid victims, 1 to 1 in Hamburg, Hiroshima, and Nagasaki.
In a nuclear explosion, mortality is very high near the centre of the blast,
while most non-fatal injuries occur at the fringe of the affected area. The
number of injured depends primarily on the width and population density
of this vulnerable, though less lethal, fringe.
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ig?efoi?: ithCians were kil‘led or injured, and at least 60 were
despite ‘heg tm . beut 60 physicians were able to give medical care
casualtics, N;uncs. Ovc{ ?0 per cent of the 1,800 nurses were
shortage o.f.ér lany of the injured nurses were able to work, but the
volunteers hadamcd personnel was so grave that many untrained
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College and th m(}’sf of the medical personnel were in the Me'dxcal
the h)’pocenn-: niversity Hospital, which were within 0-5 mile of
faculty et and were almost completely destroyed. Of. the 20
600 of the stug S at the college, 12 were killed and 4 were injured;
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ing room vi

the day of ;:Jzilylg’s‘f‘d""s following the blast. By the end of

care, and approx‘p lclm‘ 400 people had been given immediate

pital during the imately 1,000 cases were handled by this hos-
€mergency period, Careful records were kept of
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150 patients, and about three weeks after the bombings, on 29
August, autopsies were performed in a makeshift autopsy room.
An outpatient department was established and was maintained
until 15 November.

The Communications Hospital was located about a mile north-
east from ground zero, that is, within the firestorm zone. Al-
though the second floor of the hospital was gutted by fire, two
fortuitous circumstances saved part of the hospital and its staff
from complete destruction: the water mains entered the build-
ing from the north so that the water supply remained intact; and
the hospital was surrounded by sufficient open spaces so as to
become ‘an oasis in a desert of fire’.

The director of the hospital, Dr chhxhxko Hachiya, had ex-
pected Hiroshima to be subjected to heavy attacks — although he
had no inkling that the attack might be atomic — and had ordered
all inpatients evacuated. Consequently, at the time of the bomb-
ing the hospital was practically empty and those staff members
who had not been killed or severly injured were able to devote
their attention to the atomic casualties. Nevertheless, the burden
placed on the hospital was overwhelming, as is evident from Dr
Hachiya’s description :

Instruments, window frames, and debris littered the floor. The
walls and ccilings were scarred and picked as though someone had
sprinkled sesame seeds over their surfaces. Most of the marks had
been made by slivers of flying glass but the larger scars had been
caused by hurtling instruments and pieces of window casements. . . .
I saw nothing that was not broken or in disorder.

To Dr Hachiya, himself badly hurt with over forty wounds,
it seemed that in the space of one night the patients ‘came as an
avalanche and overran the hospital’. The majority were badly
burned; all were critically ill. Many had been near the heart of
the city and in their efforts to flee had managed to get only as
far as the Communications Hospital before their strength failed.
Others, from closer by, came because this building, standing
alone where all else was destroyed, represented shelter and a
place of refuge. The hospital could not offer very much more
than that.

Medical Effects of the Atomic Bomb in Fapan states that ‘the
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methods adopted for treating casualties were far below standard
because of the shortage of supplies and equipment and the extra-
ordinary demands made on crippled staffs. In the first week after
the Hiroshima bombing, burns received no more than oint-
ments and salt-water compresses. Wounds were often not even
dressed.

Dr Hachiya’s description of the conditions in his hospital is
vivid :

Pauents who could not walk urinated and defecated where they
lay. Those who could walk would feel their way to the exits and
relieve themselves there. Persons entering or leaving the hospital
could not avoid stepping in the filth, so closely was it spread. The
front entrance became covered with facces overnight, and nothing
could be done for there were no bedpans and, even if there had been,
1O one to carry them to the patients.

Disposing of the dead was a minor problem, but to clean the
rooms and corridors of urine, facces, and vomitus was impossible.

The people who were burned suffered most because as their skin
pecled away, glistening raw wounds were exposed to the heat and
the filth. This was the environment patients had to live in.

To make matters worse, a few days later the flies returned. Dr
Hachiya relates :

Around the hospital entrances were thousands of flies and each
Step one took caused them to rise in black swarms. The noise of
their wings was terrific. Here and there they formed small black
mountains. Poking with a stick I uncovered a denuded fish bone and
beneath it discovered a mass of white maggots. As soon as I removed
the stick the bone became black with flies again. ... They were all
around the hospital, inside and out, and there was nothing we could

do. With the recent weather and the filth, flies had increased to an
appalling degree,

Conditions were not as desperate at all medical facilities. At
Nagasaki, the Shinkozen Medical Aid Hospital was established
in a school building. The staff was assisted by various medical-
aid groups for three days, after which naval medical detachments
from Sasebo and Hariojima took full charge. This unit cared for
9,000 outpatients and 800 inpatients. There were 350 deaths.
Near-by naval hospitals cared for 2,280 patients, with a mortality
of 23 per cent. During the first few days fifteen aid stations were
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in operation and stations were later established in outside com-
munities. Almost 40,000 people were treated in aid stations and
hospitals during August.. The over-all mortality was 7-3 per cent.
At Hiroshima, two military hospitals were established outside
the devastated area to replace the two that were destroyed, and
additional military officers were assigned to them. One of these
hospitals treated 3,500 casualties during 'the first week, with a
mortality of 83 per cent.

Nevertheless, Medical Effects of the Atomic Bomb in Japan
concludes that the treatment given injured survivors ‘probably
had no significant effects in reducing the mortality rate’. The
proper administration of fluids, plasma, plasma volume ex-
pander, whole blood, antibiotics, and other chemotherapeutic
agents, along with débridement of wounds and adequate clean-
liness and nursing care would have considerably reduced the
number of deaths. ‘However, even with these measures it is
doubtful whether more than 5 to 10 per cent of the deaths from
all injuries could have been prevented.’*

According to a RAND Corporation report, it is fairly certain
that there would be serious shortages of all kinds of medical sup-
plies and facilities following a nuclear attack. This problem was
demonstrated in Germany after the massive aerial bombings of
World War II damaged many of the medical-supply industries.
However, by itself this was not sufficient to interfere seriously
with the production of the most essential supplies. The deciding
factor proved to be the disruption of transportation, which made
it increasingly difficult to obtain hypodermic needles, scalpels,
scissors, and bandages and caused critical shortages of heart
stimulants, narcotics, analgesics, and anaesthetics. There was one
instance, in May 1945, in which both military and civilian hos-
pitals near Flensburg were entirely without anaesthetics, a short-
age due more to transport difficulties than to lack of production.

These factors, coupled with a shortage of certain imported
raw materials and of skilled manpower, forced Professor Karl
Brandt, the chief of German medicine, to report to Hitler on 2

* Ten per cent of the nation’s 27,300,000 fatally injured envisaged by
the 1958 Holifield Hearings would mean over 2,700,000 people saved. This
is a million more than the total number of deaths from all causes in the
United States in 1960.
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April 1945 that 20 per cent of all essential medical items
throughout Germany had been destroyed, that 40 per cent of
those in stock were intact or only partially damaged and would
last two months, and that the remainder would maintain the
supply for four additional months provided transportation could
be restored. If these conditions could not be met, Brandt in-
formed the Fiihrer, then the civilians and Armed Forces could
no longer be provided with even the barest medical essentials.®

A detailed analysis of the potential medical consequences of
thermonuclear war was published by a group of Boston scientists
and physicians in the issue of the New England Fournal of Medi-
cine published on 31 May 1962. In assessing the physician’s role
in the post-attack period, one article points out that 85 per cent
of Massachusetts’ physicians live within the arcas designated as
targets by the 1959 Holifield Hearings. Even with a series of
opumisuc assumptions, following the Holifield attack there
would be a ratio of approximately 1,700 acutely injured persons
?o.each functioning physician in the Boston area, and about 1,000
injured per physician in Massachusetts as a whole.

The authors point to the consequences of this ratio: if the
physician were to spend only ten minutes diagnosing and treat-
ing each patient, and if he worked twenty hours every day, it
:’ool:’]? t::‘i:;eft:fl:l: o) four‘tcen day‘s before every injured Person
existent or does e first time, Thxs assumcs.t}‘lat fallout ‘1s non-
cause with fully not interfere with the physw'mn?s activ1t).', .be—
outside shelters ?r: :1-}: o w0u!d be no funcuonxflg physician®
the injured-to-pt, ne lmmefilate.post-attacls period. However,
wo weeks or rf’mysuzlan ratio will b? considerably improvc-d

re later, when physicians emerge from their

shelters, since large py RS -
. mbe . e
interim’. rs of the injured will have died in th

It follows that many,
no medical aid. There
survive with adequate
Hiroshima,
a physician,

if not most, of the injured would receive
fore, many of those injured who might
medical care would die. In fact, just as in
most of the farally injured persons would never se€
even for the simple administration of narcotics.

* Hitl
r made no reply and Brandt withdrew from the conference room,

only to be arrested subsequentl i
and a traitor, q Yy and condemned to death as a defeatist
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Not only the lives of those with serious injuries, but even of
those with minor injuries, may be in grave jéopardy. Untreated
burn wounds more severe than first degree always become in-
fected. In Germany, the great increase in tetanus associated with
burns proved surprising to the authorities. The problem was of
sufficient magnitude to warrant a directive to administer tetanus
antitoxin to every case of burns. The complications of blast in-
juries at Hiroshima and Nagasaki were usually associated with
infection and slow healing. Wounds from flying fragments,
although usually small, posed a serious medical problem because
of their depth and multplicity. The high rate of infection could
often be attributed to inadequate care.

Exposure to radiation can significantly aggravate even minor
injuries. Cells of tissues exposed to sublethal doses of radiation
are frequently no longer capable of dividing. The mean lethal
dose for a variety of human cell types is around 100 roentgens,
which not only incapacitates the rapidly dividing cells of blood-
forming organs, necessary for maintaining general health and
fighting infections, but also slows down normal wound-healing
processes. The First Military Hospital in Tokyo reported that in
those patients who had signs of radiation injury the healing of
wounds was prolonged.* The significant point is that small doses
of radiation alone are not serious, nor are minor injuries and
even some major cnes. But when these two factors are combined,
they can cause permanent disability and even death.

The National Damage Assessment Centre estimated that
ninety days after an attack survivors would have received an
average dose of 110 roentgens. Although they give no figures for
injured survivors, the average for non-injured was 60 roentgens.
In the case of the Holifield attack, it appears that injured sur-
vivors would receive an average dose of 375 roentgens.t This

* The granulation tissue became anaemic and oedematous. It bled easily
or became dry because of unusual decrease of secretions. The borders of the
wound were undermined; growth of granulation tissue stopped, and no
tendency to heal was shown. In other cases the wound enlarged gradually
until death. In patients who survived, the granulation tissuc improved
again following recovery from radiation effect.’

1+ This figure is obtained on the basis of one witness’s tcsﬁmpny of
41,800,000 dead, 17,200,000 injured, out of a total population of
150,700,000. This means that about 91,000,000 Americans would remain
uninjured. If they received an average of 60 roentgens, and the over-all
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. ) osed
radiation dose alone might kill approximately half the exp

opulation, ed

d gertainly those with minor infected injuries could. l:"e S:L‘;On
readily, in spite of radiation effects, by the simple admu:u St; our
of antibiotics. But, as Representative Holificld complaine 1’ in-
émergency supplies of medicines, plasma, etc., are not onl zan‘l'
adequate to begin with, but are stored for the most part in in ing
mable buildings within probable target areas. Even .stg’o[ics
supplies in non-target areas poses many problems: antibl an
have a finite life, as do antitoxins (tetanus ant.ltoxm hastics’
expiration date of three years) and other supplies. Narco -
one of the most essential groups of drugs in the case in
seriously injured casualties, pose particular difficulties
handling and stors e. -

Drs Sidel, Geigfr, and Lown, in their article in the New Erzﬁ-
land Fourng] of Medicine, state that $500,000,000 worth of meer—
cal supplies, if kept up to date and if available at times of em 0
gency (i.e. no transportation breakdown), would be Sumaent959
treat 5,000,000 casualties. As these authors point out, the 1 1d
Holifield estimate predicted 40,000,000 injured.* Nor wou
the medical—supply issue be a short-range problem. Marg
Pharmaceutical hoyses have their warehouses, offices, and fa .
tories in potenyi) target areas, and even those companics tha
could maingajy, production would have difficulty in distributing
their suppies because of widespread destruction of transporta-
tion facilities. -

~eedless to say, those people with chronic ailments that re-
quire a continy gy, supply of some medication — for example, 8
diabetic who canpey survive without insulin — might also becom¢
_

aVeraBe Was 110 roentgens, then the 17,200,000 injured survivors must have
rc.ccx‘ved. an average ogf "35;51 r:entgenst H:;rdin Jones takes a more Pessss
mISUC view ang Cstimates for all survivors an average dose of 300 roentge r.
within the fis Week and an additional 100 roentgens during the first ycas;
* With the fevisions introduced by the Naval Radiological P?fcnd
Laboratory data, the total estimate came to 27,300,000 fatally m;uf:;
13,800,900 Surviving injured (and 19,700,000 killed the first day) out O h
population of 150,700,000, In the 1960 Holifield Hearings, Leo Hoegh,
Director of the Office of Civil and Defense Mobilization, testified that -
that time the megjcal stockpiles amounted to $212,000,000, that he cr.
pected additiona] supplies from neighbourhood druggists during an eme

8ency, and that the programme was aiming to sustain 5,000,000 casualtics
for six monthg,
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casualties even though they were not injured directly by the
explosion.

In addition to the lack of medical facilities and the debilitating
effect of radiation, an individual with any type of injury (not
necessarily caused by the initial explosion) might be at a tremen-
dous disadvantage in combatting infection, because a large seg-
ment of the population in and near a target area would be under
considerable personal and collective stress. Malnutrition, exces-
sive fatigue, emotional stress, including hysteria, may greatly
complicate recovery from only minor injuries.



Chapter 7

The Struggle to Recover:
Water, Housing, and Food

Next to medical problems, the most serious immediate chal-
lenges to those who survive the direct bomb effects are the prob-
lems of water supply, housing, and food.

Water

The destruction of water supplies following nuclear attack
may be brought about by one of several events: blast and ﬁfe
may seriously damage the physical plant itself by dest.roy_mg
WAler towers, clogging pipes with debris, and rupturing mains-
At Nagasaki, the Urakami district was totally without water be-
cause of five major breaks in buried pipes. Six additional bre'{ks
geeurred, four of them at bridges, and about 5,000 house-service
PIpes were broken by the collapse of homes exposed to bla'st,
fire, or both, The damage in Hiroshima was even greater, with
an estimated 70,000 breaks,

Water Supplies may also become temporarily unusable as a re-
sult of heavy fajione contamination. In Westchester County, for
example,aboyt 9¢ percent of the population uses water from open
surface sources, ang jf fallout were fairly heavy, this water would
not be fit evep for emergency consumption for days or possibly
weeks. It would Probably be acceptable for emergency use there-
after, because figsio products in fallout appear to be in an in-
solub!e form, and tend to be removed by sedimentation and
filtration * However, even this ‘uncontaminated” water might
not be entirely safe, since it could still produce considerable

b * i“ Page 195-6 of Appendix for calculations on which this estimate is
ase
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long-term biological damage, particularly from radioactive
iodine. Ground water supplies, on the other hand, would prob-
ably not become appreciably contaminated, because of sedimen-
tation and natural filtration by soils and rock. Furthermore, the
rate of movement of water in the ground is very slow, and the
resulting ‘hold-up’ time permits considerable decay of the radio-
activity. Chemical processes such as sorption also tend to reduce
fallout materials in solution.*

Water may also become unusable because of loss of power
required to maintain the supply system. Whereas damage to the
physical plant results in immediate effects (which might be re-
paired later), and fallout may temporarily deprive communities
of potable water, the loss of power would probably not affect a
community for some weeks, or months, depending on local fuel
supplies. The fuel problem might not be too serious if trans- .
portation were repaired in time to replenish dwindling stocks.
However, if the power plants and a sufficient part of the inter-
locking power system and hydroelectric dams have been des-
troyed so as to inactivate the system immediately, and if the
nation has been hit so hard that it remains prostrated for a period
of months, then the power failure could be the most serious and
long-lasting threat to the water supplies of a community.

The Jamaica Water Supply Company, which supplies about
600,000 people in Jamaica, Queens, and the Floral Park area of -
Nassau County, is a case in point. Because it is located at the
eastern edge of the moderate-damage zone, it is possible that
some parts of the system might remain operative, and since it
derives its water from wells and almost all its storage tanks are
closed, fallout contamination would probably not be a problem.
(The main threat from fallout is that it would prevent or inhibit
repair work.) However, electric power is required to pump water
from the seventy-five or so wells, which vary in depth from 60 to
727 feet below the surface, and for the booster pumps, which
force purified water either into storage or directly into the mains
for distribution at required pressures. Lack of electric power
would therefore make the entire system inoperative. All the

* The ability of soil particles to adsorb soluble radiocisotopes suggests
that a simple procedure for the decontamination of drinking water would
consist of passing water through a column of clean soil, possibly followed
by sterilization of the water either by boiling or with household bleach.

N.D.-§
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suburban areas on Long Island are particularly susceptible to
a breakdown of transportation facilities and, hence, shortages
of fuel supplies and power. Therefore the considerations made
for the Jamaica Water Supply Company are equally applicable
for the rest of the Nassau-Suffolk area, and conclusions for it
may be applied with a reasonable degree of accuracy to most
other large urban and surburban areas in the United States.

Housing

As for what we may expect to happen to housing, C. K.
Shafer, Director of the Meteorological Office of the Office of
Civil and Defense Mobilization, testifying before the Holifield
Hearings of June 1959, stated that given the attack assumptions
of that hearing,* about 45 per cent of the nation’s dwelling units
would be damaged by blast and fire. Qut of an assumed
46,100,000 dwelling units in the United States, 11,800,000 would
be severely damaged, 8,100,000 would be moderately damaged>
and 1,500,000 slightly damaged. In addition, 500,000 dwelling$
outside the areas of blast damage, would be affected by fallout
intensities so high that they would have to be evacuated and
abandoned for a year, 2,100,000 dwellings would have to P¢
abandoned for several months, and 10,400,000 could be made
available for living sixty days after the attack, but only if mai**
decontamination efforts were undertaken, Th’us the inhabitant®
of all but 11,700,000 dwelling units would not be able t© Ut
their homes for a minimum of two months, and even these
;ig:gﬂ? would not all be exempt from serious radi2tio
If a twenty-megaton bomb were detonated on or over COM™?
bus Circle, it is highly unlikely that more than a few, if a0y’ of
New York City’s approximately 2,500,000 dwelling units W°
provide adequate shelter for survivor; even if evgrything were
not con§umed by fires, It is difficult tc; assess the damage i the
more ‘dxstant suburbs. Window breaka d other modera®
blast-induced destruction could occ ge and o forty

ur even as far away a8
* A total of 275 megaton,

S t . ost°°’
and a total of 1,446 megatons [z g;: ::tl‘i‘;}:cast from Washington 10 B
country,
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miles. The suburbs might also be threatened by substantial
local fallout, not only from the twenty-megaton bomb, but also
from weapons aimed at Brookhaven National Laboratory and
Suffolk County Air Force Base at the eastern end of Long
Island, and from bombs dropped along the Connecticut Valley,
West Point, New Jersey, and eastern Pennsylvania.

Even those lucky home dwellers spared all other calamities
might find that without fuel supplies their homes were inade-
quate during severe winter weather. The breakdown of the
transportation system would certainly result in shortages or
Possibly even a total lack of fuel supplies. Thus one might ex-
Pect an increase in deaths from exposure, either by itself or in
combination with other bomb-incurred incapacitations.

Food

It seems inevitable that food shortages, perhaps very serious
food shortages, would develop following a nuclear attack. A city
Subjected to a nuclear explosion would be faced with the de-
Struction of one of its most vital industries — the processing,
Storing, and distributing of food — the crippling or total demoli-
ton of warehouses, wholesale and retail outlets,. processing
Plants such as bakeries, dairies, and slaughterhouses, along with
transportation and distribution facilities. The situation would
€ more hopeful for suburban residents if they could be assured
2 local food supply. However, in the case of a ground burst,
Outlying areas might be inundated with fallout, so that a farmer
on Long Island, for example, would probably not be able to
Work his land for several weeks and would have at least some
fallout"fiontamination problem for over a year. Besides the areas
Contaminated with heavy fallout, there would still be places
Where fallout might be less serious but still sufficient to make
the food produced there unusable.
this does not necessarily mean that there would be no food
available whatsoever. In addition to food stored in undestroyed _
areas, any crop already harvested and covered enough to prevent
direct contact with the fallout could probably be salvaged. Smu-
1y, animals killed by fallout radiation could also be utilized
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for food if appropriate care were taken to avoid certain organs
and not contaminate the edible parts. Animals exposed to
several hundred, or even a thousand, roentgens do not die until
several days later, when radiation doses may have subsided to
a level permitting some human activity.

Fallout radioactivity can contaminate food in a number of
ways. It may settle as rain or. dust on living vegetation or on the
dead organic material and humus above the mineral soil. It may
also, of course, enter the mineral soil directly or through the
ground water, but actually most of the fallout radioactivity in
plants appears to be derived from radioisotopes directly assimi-
lated from fallout particles deposited on the leaves and shoots of
the plants. The material in the soil may be picked up by the
plant roots, which pass the fallout into the plant shoots. The
vegetation may then be eaten by herbivores, which in due time
may be eaten by predators. Ultimately both animals and plants
die, returning to the soil, thereby forming part of the dead
organic material, or litter. The litter in turn is converted into
humus by earthworms, snails, and micro-organisms such as
moulds, which decompose the organic material. Through this
cycle the radioisotopes originally incorporated into plants may
once again enter the mineral soil. The litter organisms also may
be eaten by predators, or, as they themselves die and decompose,
contribute to the humus. These cycles and sub-cycles may go
on for generations,

One such cycle, studied at White Oak Lake at Oak Ridge,
Tennessee, showed that insects contained about as much radio-
active strontium as they did radioactive cesium, but that these
two radioisotopes behaved very differently in the food chain.
The plants failed to accumulate cesium from the soil, but the
insects absorbed it from the plants, whereas strontium was
accumulated by the plants but not by the insects.* Thus, a small

* Although the soil contained 7,300 picocuries of cesium 137 per gram
of dry weight, the leaves of plants growing in this soil contained only 180
picocuries per gram. Insects feeding on these leaves were found to contain
87 picocuries per gram, while predaceous insects feeding on the herbivorous
insects contained about the same amounts (81 picocuries per gram). The
cycling of radioactive strontium was of a very different pattern. Whereas
the soil contained 360 picocuries of strontium 90 per gram of dry weight,

the leaves of plants contained almost three and a half times as much
(1,200 picocuries per gram), indicating a preferential uptake and accumula-
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amount of radioactive material in one step in the food chain may
be multiplied many times as a result of accumulation by or-
ganisms later on in the chain. Conversely, radioactivity may
also be diminished as it moves along the food chain.

With the passage of time, deposited radioactive isotopes are
less likely to enter the food chain. Detailed analysis of the soil
in areas subjected to fallout from test shots showed that stron-
tium 90 soil levels remained almost constant for a year or more,
but in spite of the rather constant soil levels, sharp drops in the
strontium 90 jack-rabbit bone concentrations were observed in
one area in 1955, and in another area in 1961.

The cycling of radioisotopes also takes place in the marine
environment. For example, a marine micro-organism living in
radioactive sea water formed during an underwater nuclear test
concentrated the radioactivity by a factor of 5,000 within ninety
hours. Another marine micro-organism, fed a combination of
radioactive strontium and its decay product, radioactive
ytrrium, was able to concentrate the radioactivity from 6,000 to
25,000 times. Because these micro-organisms are eaten by
shrimps, clams, and other shellfish, which are in turn eaten by
larger animals, the accumulation of isotopes may result in fur-
ther concentration as a given isotope moves along the food
chain. Although our understanding of events higher up in the
food chain is still incomplete, it seems that elements such as
copper, manganese, nickel, and zinc tend to be concentrated
in the internal organs of certain food fishes, and that calcium
and strontium tend to concentrate in the hard parts of these
fishes.

Studies on the distribution of radioisotopes in the Marshall
Islands five years after the BRAVO shot showed that the
principal radioisotopes in marine organisms were radioactive
zing, cobalt, and manganese, created by neutron induction. The
land organisms were contaminated primarily with the long-lived
fission products cesium 137 and strontium 90. Twelve radio-
isotopes were detected in the Marshall Islands soil, but stron-
tion of strontium by the plants. The herbivorous insects feeding on the
leaves contained less than one tenth the amount found in the leaves (91
picocuries per gram), since they rapidly eliminated the ingested strontium.

The predaceous insects who ate the herbivorous insects had about the
same concentration (81 picocuries per gram).
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tium 90, cesium 137, and antimony 125 were the most common.
Corals and coralline algae contained some strontium 90, whilé
the principal radioisotope in the marine algae was cerium 144.
Ninety per cent or more of the radioactivity of the land plants
derived from cesium 137, the remainder from strontium 90.
This is an unusual situation and is due to the low potassium
content of the Marshall Islands soil. Undoubtedly this accounts
for the fact that in 1961 these islanders’ body burden of cesium
137 was three hundred times that of the United States medical
team sent to survey them. Similarly, the hundredfold increase in
the body burden of zinc 65 exhibited by the islanders is attribut-
able to the important role of fresh fish in their diet.

Thus man, like his fellow creatures, is affected by events in
the food chain. In some instances, metabolic barriers prevent
the radioactive material from reaching locations in the body
where it may cause damage, depending on the behaviour of the
substance in the food chain or in man’s system. For example,
although the elements that belong to the rare-earth group are
common fission products, their absorption from the intestinal
tract is so small in man and animals that they are not a signifi-
cant hazard to man. Any residual uranium or plutonium not
fissioned would likewise be poorly absorbed. However, once
absorbed, such radionuclides could also pose serious hazards.

Ralph Lapp has pointed out that a 7,500-megaton attack on
the United States could so contaminate farmland with strontium
20 that it would be virtually impossible to grow any acceptable
food. Lapp assumed thar 40 per cent, or 3,000 megatons, of the
total weapon yield would be local fallout; deposited uniformly,
this would contaminate the countryside to a level of one kiloton
per square mile. Although a good deal of the continental United
States’s 3,000,000 square miles is not used for food production,
Lapp points out that food raised on land contaminated to this
degree would result in the presence of strontium 90 in human
bone several times the 2,000 strontium units acceptable for
high-risk industria] personnel.

The biological effects of this contamination are difficult to
predict because of many uncertainties. However, we can make
some estimates on the basis of nuclear testing, using a factor of
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about 5,000* to project the level of food contamination from
‘fallout from weapons testing (up to 1961) to the fallout field
that could follow an attack on the scale suggested by Lapp.
According to a 1962 report of the Federal Radiation Council,
the risk to an individual of developing bone cancer from all tests
through 1961 was about one in 300,000; the risk of developing
leukaemia, about one in 100,000. Thus, if one assumes a linear
relationship, and if the factor of 5,000 is valid, survivors eating
food contaminated to such high levels would incur a risk of
5,000 in 300,000 for bone cancer, and 5,000 in 100,000 for
leukaemia. In other words, it is not unlikely that about 2 per
cent of the population would develop bone cancer, and 5 per
cent would develop leukaemia.

These estimates assume, on the one hand, that no efforts are
made to decontaminate the food, and, on the other hand, that
the population has not been exposed to external radiation from
fallout in the environment. Moreover, the calculations assume
that the surviving population would be able to maintain its pre-
attack dietary standards. It is because of the high consumption
of meat and milk, with a much more favourable (low) strontium-
to-calcium ratio, that human bone contamination in the United
States has maintained levels not very much higher than many
areas in the Southern Hemisphere where the fallout is appreci-
ably less.t But if the population is unable to maintain its high
dietary standards, then food contamination could produce bone
levels about five times greater than those calculated above,t
with a corresponding increase in cancer incidence (10 per cent
incidence of bone cancer, 25 per cent incidence of leukaemia).

Additional biological damage would be incurred from yttrium
91, iodine 131, cesium 137, cerium 144, plutonium 239, and

* See Appendix, page 196, for calculations on which this factor is based.

t Strontium resembles calcium chemically, and to some extent living
organisms confuse these two elements. Animals tend to discriminate against
strontium, so that animals eating contaminated plants end up with less
strontjum in their meat and milk than was in the original plant. Currently
about 78 per cent of the calcium contained in human bones in the United
States is derived from milk products (16 per cent from plant products and
6 per cent from meat). In contrast, milk products provide only 38 per cent
;‘fe;l[l)c strontium 90 (60 per cent from plant products and 2 per cent from

.} This was observed in bone samples taken in Recife, Brazil, where the
dict is low in meat and milk.
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others. Zinc 65 is known to be selectively concentrated in fish,
and thus, as in the Marshall Islands, would contribute to the
body burden of a population that ate a good deal of fish. On
the other hand, barium 140 appears to be derived about 25 per
cent from milk, 25 per cent from flour, up to 25 per cent from
potatoes, and the rest from other food products. Meat from
g1"azing animals, such as beef and lamb, tends to be especially
high in cesium 137, Meats of this type probably provide a
quarter of the human body burden in America, although most
?f the radiocesium is derived from milk. The intake of radio-
iodine by children (mainly from contaminated water and plant
products, but perhaps also from fresh milk in non-target areas),
and fh? biological damage derived therefrom remains uncertain,
but it is possible that the incidence of thyroid cancers might be
severalfold the incidence of bone cancer and leukaemia.*
. Contan:linated farm land need not necessarily remain useless
if the s°°‘?1 and economic disruption has not been too extensive.
The Agricultyra] Research Service suggests the following
:;;?:;es 10 restore or rehabilitate the land. Lime can be
or fertiiizto Increase the calciu'rn-to-:stromium ratio in the soil,
sium con:r €an be added, which will provide increased potas-
and stl.‘)l_n’iﬂttanons and thus reduce the uptake of both f:alcium
pose a sty M. The land can b.e used for crops less likely to
several incin“ufn&'o-contaminat.xon problem. If only the upper
to deep-moes of soil are contaminated, the land may be diverted
cause such, ted plants - for e).(amplez from grass to alfalfa — be-
the COntanﬁf,lams obtain thelr' nutrients primarily from below
food plangy ated layer. In soils not too heavily cor.ltarninatefi,
only aboyg ’1;“01? as potatoes, cc.)uld be raised, wl}mh contain
leafy vegetap)e “u"lgljams f)f calcium per 100 cal?rles, whereas
In other Wordss l:nay Fontam ten t'o one hundred times as much.
for human ccn; it rmght be gossnblc to grow those plants used
amount of calc:“lmpuon which tend to .accumulate .the lf:ast
eaten. Anor, 1“.1'11, apd fherefore strontium, per unit weight
er diversion is to human foods that are first pro-
been estimated that in children, one microcurie of radioiodine

*It has
er gra .
PEr Bram of thyroiq (total dose of § microcuries) would result in an inte-

rated
tgo the i‘;i‘]’( SOfo fal:mut }150 roentgens. About 200 roentgens of X-rays applied
in about three ot'o ?lfenn.und:ed young children may produce thyroid cancer
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cessed and hence partially purified, such as sugar, oil crops,
and, to some extent, grain (white bread has a much lower
strontium-90 content than whole-wheat bread).

Lands too heavily contaminated for the production of food
directly consumed by humans might still be useful for raising
animals. Since the strontium-to-calcium ratio is lower in meat
than in milk, and since meat contains less calcium, and there-
fore less strontium, a farmer might readily divert from dairying
to beef production. Finally, the land might be taken out of food
production altogether and used instead for crops such as cotton,
flax, castor beans, or timber. If the land was covered by sod or a
mulch at the time of the fallout, the removal of this ground
cover may eliminate over 90 per cent of the contamination.
Similarly, scraping the top two inches of soil with a road grader
may remove between 60 and 99 per cent of the fallout stron-
tium. Deep ploughing to eighteen inches also might reduce the
strontium contamination for shallow-rooted crops, but only to
about one half its original level. In addition to these techniques,
other investigators have suggested that controlled burning in
heavily contaminated arcas might be an economic way of dis-
posing of badly contaminated crops. Apparently, the radio-
nuclides (e.g. strontium 90, cesium 137) liberated to the soil
by the fire are nowhere near as available as the nutrient elements
(e.g. calcium, potassium) liberated by the ashed crops.

Thus, a modern well-equipped farmer should be able to cope
with many of the fallout-contamination problems, provided they

-are not too severe. However, if the national attack pattern has
been too disruptive or the local fallout field has been too intense,
then these considerations become academic.

Because the primary requirements for operating a mechanized
farm, like its industrial counterpart, the modern factory, are fuel
and power, the disruption of transportation and the destruction
of power sources might cause agricultural production to slump
almost as dramatically as industrial production. It might be
argued that a hundred years ago farmers had neither electricity
nor tractors but managed to work their land with power from
horses and windmills. But today, out of a total national power
production of 11,000,000 k.h.p. (kilohorse power), work animals
provide only 2,790 k.h.p. and windmills only 44 k.h.p. It is also
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possiblé that most of the work animals will be killed by fallout
radiation, thus limiting some farms to manual labour. In addi-
tion, certified seeds of disease-resistant strains, fertilizer,
machinery, spare parts, and what might be crucial in a post-
“attack environment, herbicides, pesticides, and insecticides,
might be in short supply for years, thereby further reducing
productivity,

There are currently in storage extensive inventories of certain
foodstuffs. These provisions, although plentiful, are finite; how-
ever, they could probably tide over the surviving population,
provided that transportation were available to distribute them.

Thus, if existing stockpiles of food could be transported to
the survivors and if the social and economic structure of the
S?Ciet)’ remained stable enough for farmers to regain produc-
tivity, then famines would not occur. But if the country is not
resilient enough to cope with the extensive destruction and con-
comitant disorganization that might well follow a nuclear attack,
then the de

h generating economy will have famine as one of its
Inevitable consequences,



Chapter 8

The Downward Spiral:

Social and Economic
Consequences

A modern industrial economy consists of a network of interlock-
ing and interdependent activities so delicately balanced that a
breakdown in one area often causes serious stresses and strains
in other parts of the economy. New Yorkers and others will re-
member a strike by that city’s subway motormen in December
1957. Not only were major portions of the subway system thrown
out of service, but many other activities were also affected:
subway vendors were deprived of a means of livelihood; de-
partment-store sales declined sharply as few shoppers appeared;
newspapers suffered a financial loss since both sales and adver-
tising declined; petrol consumption increased as more people
took cars and taxis; more policemen were assigned to traffic
duty. In other words, the loss of the services of a few hundred
people affected the econcmy of the entire city.

Although there was much individual deprivation and discom- -
fort in the motormen’s strike, the industrial complex of the city
could absorb this failure since other means of transportation
remained intact. However, far more serious situations can arise.
For example, power failure affecting a five-square-mile area of
Manhattan in June 1961 left people trapped in elevators, food
spoiling in refrigerators, subways stopped during rush hours,
traffic lights inoperative, and hospitals dependent on emergency
power supplies. In so far as the failure lasted only four or five
hours, the whole experience could be considered more as an
adventure than a catastrophe. However, power failure for an
indefinite period of time — or simultaneous breakdowns in a
number of critical areas — is obviously quite another matter.
Indeed, we may expect that if failure were to occur at a suffi-
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cient number of critical points, orderly economic activity would
disappear completely.

In the view of Harvard professor Wassily Leontief, who de-
veloped the ‘input-output’ concept to describe the functions of
an industrial complex, industries are appraised in terms of what
other industries provide goods and services to the industry in
question (input), and in turn to whom the industry furnishes its
own output. In the highly integrated American economy, many
industries deliver a large part or even all of their output to
other industries which further process the product. For example,
the non-metallic-minerals industry mines the sulphur that is
converted into sulphuric acid by the chemical industry. Sul-
phuric acid is then used by the steel industry to finish the steel
sheet that is used by the automobile industry in manufacturing
trucks, which are then used by a transportation enterprise.*

Professor Seymour Melman of Columbia University, making
use of the concepts developed by Leontief and others, has
stressed the vulnerability of the American economy (or that of
any other industrialized nation) to nuclear attack. For example,
the manufacturing plants of the crucial machine-too! industry
are concentrated jn Ohio, Michigan, Connecticut, and Vermont,
the,mc’s‘ important concentrations occurring in major metro-
politan centres, Accordingly, destruction of production facilities
mn fhe:t:e centres would have a more extensive effect than may
be indicated by the value of the destroyed industrial assets or the
val\.le of the curtailed industrial output. Where the outputs of
ar} industry are Crucial to the functioning of many other indus-
tries (as in the cage of machine tools), the derangement caused
by the' Curtailment of production is multiplied, affecting many
other industrial sectors and regions as well. In other words, if
f)ne-thnd of the nation’s economic assets have been destroyed
it does not Necessarily mean that two-thirds of the economy
will be able to function,

The destruction of , single city involves the destruction of
many different kings of economic assets. This can best be

* For an interesting application of this type of analysis, namely, to de-
termine the potential effect on employment if the military budget of the

United States were to be ¢yt by 20 per cent as a result of disarmament, see

W. W. Leontief and M. Hoffenberg, “The Economic Effects of Disarma-
ment’, Scientific American, Vol, 204 (1961), pp. 47-55.
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illustrated by examining in some detail the economic assets of
a specific city like New York. New York City has a population
of about 8,000,000 people, with another 5,000,000 living near by
and often directly or indirectly dependent on the city. It is the
financial capital of the world, the home of the United Nations,
the corporate heart of the nation, the centre of American cul-
ture, the leading wholesale and retail market of the country,
and the transportation and communication hub of the north-
east. Although one tends to think of Pittsburgh or Detroit as
being the foremost manufacturing centres of the country, the
leading city is actually New York. In 1954, New York City con-
tained- 38,000 manufacturing establishments providing jobs for
almost a million people. About one-third involved apparel and
related products, 13 per cent metal products and machinery, and
9 per cent food and kindred products. The Metropolitan Area’s
warehouses provided 13 per cent of the nation’s total storage
floor space, and the city’s merchants handled 18 per cent of the
nation’s wholesale products. New York’s 112 banking firms
represented about 20 per cent of the total assets for all active
banks in the continental United States, and 34 per cent of the
gross receipts reported by the nation’s business service estab-
lishments (advertising, research and testing, designing, manage-
ment, consulting, etc.) went to the 11,000 business establish-
ments in New York.

Not only does New York contain a sizeable fraction of the
physical plant of the nation’s economy, but also an even more
significant portion of its intellectual and managerial manpower
resources. The seventeen-county New York-north-eastern New
Jersey Metropolitan Area contains 10 per cent of the nation’s
total labour force, including 12 per cent of its managers, officials,
and proprietors (except farm), and professional and technical
workers. Residing in this area are 15 per cent of all the nation’s
physicians and surgeons, 16 per cent of its accountants, auditors,
architects, chemists, and electrical engineers, and 17 per cent of
its chemical engineers. The size of the last three categories is
not surprising in so far as over 20 per cent of the nation’s re-
search laboratories are in the New York Metropolitan Area.
Considering this heavy concentration of physical and intellectual
assets, it is not unreasonable to expect that a single, efficient
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thermonuclear strike against New York City would deprive the
United States of from 5 to 10 per cent of its economic capacity.
Arttacks on other major industrial centres would produce com-
parable results, which would reverberate throughout the eco-
nomic system, having repercussions far from the sites of the
attacks.

The general effect of nuclear attack upon the socio-economic
life of a nation relates not merely to the destruction of physical
facilities, but also to the production of mass casualties. In the
case of a nationwide attack on the major metropolitan areas, the
destruction of communication and transportation facilities and
the killing and wounding of trained personnel would paralyse
the country and make it impossible to utilize remaining re-
sources effectively. In the absence of special blast protection,
blast-induced deaths alone, resulting from 400 ten-megaton
bombs aimed at metropolitan areas, would eliminate about half
of the American population. The 1959 Holifield Hearings esti-
mated that a 1,446-megaton attack would kill 31 per cent of the
population and leave 12.5 per cent surviving injured.

F. C. 1K, in his book The Social Impact of Bomb Destruc-
tion, cites four principal types of manpower loss: direct loss,
consisting of workers killed or seriously injured; indirect loss,
due to manhours spent caring for the injured; loss of morale,
V‘thiCh would affect the emotions and motivations of the sur-
vivors and thus diminish their work output; and disorganization
stemming from casualties among essential business leaders or
government officials. Leo Hoegh, then Director of the Office of
Ci.vil an.d Defense Mobilization, testified to the Holifield Com-
mittee in its 1960 Civil Defense Hearings that the Federal
Reserve System wag making vigorous efforts to ensure continuity
of management following attack. Assuming that a reasonable
plan of succession could be developed, there would still remain
the problem of whether a former subordinate is capable of
assuming the responsibilities of a former director, particularly

during times of emergency when the entire system might be
disrupted.

For immediate post-attack survivors, destruction of the trans-
portation facilities might prove to be the crucial factor in de-
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termining the extent of survival and subsequent rate of recovery.
It could interfere with or prevent the evacuation of a population
from a high-risk zone, and it could prevent essential supplies
from reaching stricken areas.

New York City is the hub of the nation’s most elaborate trans-
portation system. The city is served by about 170 steamship
lines, 11 railroads (9 of which are trunk lines), 17 domestic
and 26 overseas airlines, about 30 suburban and long-distance
bus lines, and several thousand trucking companies. Forty per
cent of the country’s water-borne exports and imports flow
through New York Harbour. An attack on this vital transporta-
tion centre would destroy not only its major facilities — bridges,
tunnels, highways, railroad and bus terminals, airports, docks,
garages, depots, and warehouses — but also a considerable
amount of transportation equipment. For example, one of the
country’s largest railroad yards, in Sunnyside, Queens, is well
within the zone of serious blast damage. Locomotives and freight
and passenger cars would be subjected to a pressure of about
30 psi and would be completely destroyed. Rolling stock would
also be inoperative at the Mott Haven yards in the Bronx and
at most of the very extensive yards along the west bank of the
Hudson River in New Jersey. Similarly, all planes at John F.
Kennedy and Teterboro airports would be likely to be destroyed,
and most planes at Idlewild, Newark, and Floyd Bennett airports
would probably be inoperative.

There are roughly 1,500,000 motor vehicles, including trucks
and buses, registered in the city itself, and the great majority of
these would be incapacitated. Ships docked along the East River
in Brooklyn below the Brooklyn Bridge would be exposed to
10 psi pressure, sufficient to cause serious damage. Ships closer
to the explosion would sustain higher pressures; those tied up
at the West Side piers of mid-town Manhattan would be well
within the fireball zone. The damaging or actual destruction of
bridges along the East and Harlem rivers would block water-
ways and further interfere with the water-borne traffic.

In the United States almost two-thirds of the industrial power
requirements (a total of about 45,000,000,000 Btu’s) is supplied
by burning coal or oil. This source of power would be drastically
curtailed by the disruption of the transportation system. The
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remaining industrial power requirements are satisfied by natural
gas (32 per cent) and hydroelectric power (4 per cent). An
attack aimed at major hydroelectric dams and gas and oil fields,
coupled with the destruction of the transportation centres, would
result in a virtual shutdown of American industries.

The Strategic Bombing Survey, in discussing the effects of
the bombing raids on Germany in World War 11, cites several
examples of a decline in munitions production or combat
effectiveness as a result of disruption of transportation or loss
of fuel supplies. The Survey concludes that the ‘bombing effort
expended to achieve reduction in German air power was exces-
sive’. It points out that attacks against aircraft factories were a
waste of time because of the shortage of petrol. The Germans
had trouble flying the planes they had; therefore the ‘success of
the attack on oil production had rendered superfluous any fur-
ther attack on aircraft output’. Similarly, in 1945, munitions
output in Germany declined precipitously. ‘Munitions plants
Were experiencing increasing difficulties in obtaining supplies
°f' coal, raw materials, and components. This factor, more than
direct damage to the plants themselves, was the main cause for
the fall in output.’ The last official German report on munitions
production was made on 15 March 1945; it predicted the col-
l:.ipse of the German economy within four to eight weeks. A
little over seven weeks later, on 7 May, Germany surrendered.

S. G. Winter Jr, of the RAND Corporation, presented testi-
m9ny to. the 1961 Civil Defense Hearing of the Holifield Com-
mlt'tee' In which he stated he felt an attitude of ‘cautious
OPUImSt‘n’ Seemed justified when considering the problems of
€conomic reorganization and recuperation following nuclear
attack: He stresseq the tremendous industrial capacity of the
American €conomy and the fact that the existing food stocks
would probably support the surviving population for well over
two years. The calculations implied that ‘recuperation in a
period on the order of a decade is probably not physically in-
feasible . . . However, these calculations were based on certain
.assumptions: one was that the national transportation systems
would remain intact; another, that this was also true for other
‘network industries’, such as electric utilities and water supply.
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The critical, initial period was assumed to have been success-
fully survived by making effective use of inventories of food,
medical supplies, and other necessities, and it was also assumed
that the attack was not overly large, or conversely, that the
population was not so well protected as to result in a much
greater survival of people over resources.

Mr Winter recognized the tenuous nature of the more
optimistic conclusions and did consider the possibility of ex-
tensive economic distintegration. He acknowledged that if the
inventories are depleted before the production of the necessities
of life can be restored, then there exists the possibility that the

economic system

will go into a spiral of cumulative disorganization, a spiral which will
come to an end only at a much lowel level of economic life and with,
in all probability, a much smaller surviving population. . . .

Eventually, some form of social organization would be reestab-
lished, but that organization may be at the level of self-sufficient
families, communities, or regions. Starvation, disease, and exposure
would take a heavy toll of lives before such an equilibrium could be
reached - and when achieved, the United States would have a primi-
tive economy. . . .

If one speculates on how a complete failure in the recovery effort
might occur, the picture one develops is of a situation where the
effectiveness of the Federal Government and many State governments
is greatly diminished, the banking system disrupted, most surviving
firms are bankrupt, electric power and water supply systems are
severely damaged, and the transportation network broken in many
places, and where few survivors have the responsibility, authority, and
plans to do anything about it. ... '

[ The threat arises] that when people are unable to meet their mini-
mum needs by the usual and socially desirable means of participating
in the production process, they are likely to turn to unusual and
socially undesirable means, such as foraging, plunder, and sterile
trading in household goods.

This sort of disorder did, in fact, appear in Hiroshima after
the atomic explosion. Dr Hachiya noted that two weeks after
the surrender

the ruthless and greedy were ruling the city. ... People with evil
faces and foul tongues were wearing the best clothes. ... The
country was in the clutches of the mean and the unintelligent. . . .
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A scarcity of sentries made looting easy. During the war no one
would have thought of stealing, and goods would lie in open fields
without even the need for a guard, but now nothing was safe that
was not locked up. ... The city was infested with burglars. ... I
learned people were looting the supply dump at the engineering
corps. Vandals even came with carts and hauled away everything
they could carry. ... Hiroshima was becoming a wicked town.
Without police I was not surprised, but I was ashamed.

In the ruins of Hiroshima, money was valueless and cigarettes took
over as a medium of exchange. These thirty-five sen cigarettes will
now bring three hundred to five hundred sen in Hiroshima.

Despite all this, Hiroshima recovered. Within about ten years
the population had increased by one-half and was growing at a
rate of 25,000 yearly. However, it was no doubt the immediate
and massive aid supplied by the American government in its
capacity as an occupying force that contributed heavily to the
staving-off of disaster in the winter of 1946 and to the rapid
reconstruction of Japan as an industrial power.* In a thermo-
nuclear war no such assistance can be expected.

Underlying the problem of recovery, and in many ways im-
peding it, s the shift in values that often follows a great disaster.
Thus, Pl‘imary-group, or family, activities predominate over
secondary~group, or business, activities.t The fact that concern
for the family supersedes concern for the job affects both the
immediate and prolonged post-attack problems. For example,
right after the artack it would certainly be difficult to activate
work crews to make repairs. A telephone lineman is not likely
to go out to fix disrupted lines until he has assured himself of

* Between TJul . .
almost § July 1945 and December 1954 the United States provided

! 30,000,000,000 in foreign aid, plus $2,750,000,000 to the Inter-
ganonal Monetary Fund, and almost $14,000,000,000 in military assistance.

f these sums, $2,250,000,000 went to Japan.

T See the discussion on primary and secondary groups in Chapter 4. See
also: Peter G. Nordlie and Robert D. Popper, Social Phenomena in a
Post-Nuclear-Attack Situation (Arlington, Virginia: Champion Press,
196!); Allen H. Barton, Social Organization Under Stress: A Sociological
Revxeu.) of Disaster Studies, National Research Council Publication 1032
(Washington, D.C. : National Academy of Sciences, 1963); P. H. Liederman
and J. H. Mendelson, ‘Some Psychiatric and Social Aspects of the Defense-
Shelter Program’ (Part 1V of series, Medical Consequences of Thermo-

nuclear War), New England Journal of Medicine, Vol. 266 (1962), pp.
1126-55, 1174.
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the safety of his family. He may also be less inclined to incur
personal risk than he would under normal circumstances, be-
cause not only would he have been sensitized by the traumatic
experience of the attack, but also he may feel that his family
needs him more than ever during the time of crisis. Other key
personnel would experience the same conflict. In attending to
their families, organization and community leaders are likely
to neglect their leadership roles. This means that at a time when
leadership is most needed it is most apt to be lacking.

Delay in socio-economic repair could perpetuate disorganiza-
tion and impede recovery in much the same way that delay in
mechanical repair might result in permanent damage to equip-
ment. A shop foreman might decide that it is much more im-
portant for him to forage for food in the countryside than to
report for work, even if his plant produces goods essential to
societal reconstruction. This points up the fact that under
normal circumstances the roles of shop foreman and family
head do not conflict. In fact, they reinforce each other: it is his
job that makes him the family provider. In turn, his role as
head of the family spurs him on to increase his earnings by do-
ing a better job. This normal socio-economic situation contrasts
sharply with post-attack disorganization. There may not be any
money to earn, or money may no longer have any value as a
medium of exchange, that is, the job would no longer provide
the necessities of life. This would force the individual to aban-
don his job and perhaps barter his possessions or forage for
food and other necessities. If this behaviour is carried out on a
large scale to the exclusion of important and productive social
activities, it would eventually destroy the entire society, since a
modern industrial society consists of large productive com-
plexes, not self-sufficient family units. Even if families survived,
society as it now exists would not.

That society becomes stagnant, and indeed may disintegrate,
when it is reduced to the family level is illustrated by the
sociologist E. C. Banfield’s study of an extremely poor and
backward town in southern Italy. In the absence of any organi-
zation beyond the immediate family - the only organizations
are the Church and the State - the inhabitants of this village are
unable to act together for the common good. It is not difficult to
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imagine how the large-scale destruction and disorientation
produced by a nuclear attack might lead to a comparable de-
generation of American society.

A population of many individuals crushed by capricious
economic and social forces beyond their control looks for ex-
treme remedies to rectify extreme conditions. For' example,
Germany was not only subjected to the economic and social
dislocation caused by World War I, but also to a terrible infla-
tion which for many constituted a threat to their existence
much more serious than the war. The combination of new
social forces and an unstable economy resulted in a kind of mass
neurosis. More and more Germans began to believe that the
war was lost, not because superior forces overwhelmed Ger-
many, but because the German army was betrayed at home.
And the inflation that further robbed many Germans not only
of their life savings, but of their dignity as well, was somehow
attributed to the Jews.

This was not the first time the Jews, or other minority groups,
had been blamed for a calamity. Although persecutions of the
Jews had occurred sporadically during the Middle Ages, it was
the Black Death of 1348-9 which resulted in a large-scale
pogrom. After the terrible earthquake of 1923 which destroyed
Tokyo and Yokohama, many hundreds, and possibly more than
six thousand, Koreans were murdered by incensed Japanese
who believed that the fires had been started by the Koreans as
revenge upon their country’s conquerors. Similarly, when Lon-
don was destroyed by fire in 1666, mobs searched out foreigners,
particularly Frenchmen and Dutchmen, because of rumours
that they were responsible for the fire. Later this same fire,
which started accidentally in a bakery, was blamed on the
Catholics. Feeling ran so high that anyone who dared to say
that the fire was probably accidental was suspected of being
part of a conspiracy to destroy London. .
"These persecutions were all directed at minority groups
readily identified by culture, religion, or language. However,
during the 1930s many Americans were guilty of exploiting and
mistreating thousands of their fellow citizens, a ‘minority group’
of white, Protestant farmers who had been forced off their land
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by the Depression or by the drought that converted large areas
of the prairie states into the famed Dust Bowl. As thousands of
refugees headed west in search of employment - in 1937 over
100,000 unemployed people entered California by car — they
were shamelessly cheated along the way, kept from employment
or relief, and often hounded by the police as vagrants and
undesirables.

If socio-economic forces, or fires, earthquakes, and epidemics,
can elicit these scapegoat reactions, it is not unreasonable to ex-
pect that the widespread disorganization produced by a nuclear
attack would lead to similar persecutions. Moreover, the treat-
ment of the unfortunate migrant farmers also illustrates the
problem of refugees, which in the case of a nuclear attack might
well take on unprecedented proportions.

During the plague that struck London in 1665, surrounding
towns padlocked their water wells, shut up their stores, and
posted armed guards on the roads from London to keep out the
refugees who were fleeing the city. As a result, many Londoners
died of thirst, exposure, and starvation. Three centuries later,
the mere threat of nuclear war has produced the same kind of
thinking in the United States. Civil Defence officials have al-
ready prepared evacuation routes, and in Nevada, local officials
considered creating a five-thousand-man militia to repulse
refugees fleeing bombed areas in Southern California. One
official was quoted as saying that if Nevada were not subjected
to heavy radiation, ‘a million or more persons might stream
into this area from Southern California. ... They could come
in like a swarm of human locusts ... {and would] pick the
valley clean of food, medical supplies and other goods. Our
law enforcement agencies are not numerically equipped to
handle such an influx of humanity so we have drawn up plans
for a militia’ Another official advised Las Vegas residents to
build bomb shelters in their backyards, and then went on to
say, ‘If the builder takes a shotgun into the shelter with him as
I advocate to protect his family, the head of the family must be
prepared to repel invaders — even those who come from across
the street.



Chapter 9

Pestilence and Plague:
The Threat of Epidemics

Post-attack survivors suffering from exposure, malnutrition,
injury, and radiation poisoning are an ideal feeding ground for
epidemics. Given the possible destruction or pollution of water
supplies, the shortages of disinfectants, insecticides, pesticides,
and vaccines, the migration of large numbers of people, and
the scarcity of food, one can readily envisage epidemics of a
magnitude not seen on this continent for over a century.

After the atomic bombings of Hiroshima and Nagasaki, the
public-health problem was acute — infected wounds further
complicated by filth, swarms of disease-carrying insects, lack
of medical personnel and supplies — but there were no major
outbreaks of epidemic diseases. This was undoubtedly because
d}": surrounding countryside came to the aid of the stricken
ciues, sending in rescue teams and supplies and evacuating sur-
vivors.

However, a thermonuclear attack on the United States might
well produce a very different set of circumstances. First of all,
the total atemic casualties in Japan represented less than three-
tenths of 1 per cent of the Japanese population,* as contrasted
with the Holifield-attack estimates of an anticipated 47,000,000
killed and 18,800,000 injured, out of an assumed United States
population of 150,700,000 Furthermore, the Japanese did not
have to contend with fallout. In the presence of fallout, it is
unlikely that the surrounding countryside would be able to
come to the aid of the moribund American cities, and thus the

* The combined deaths resulting from the Hiroshima and Nagasaki
bombings about three months after the attacks amounted to slightly over
100,000; the total casualties involved about 200,000, The combined popu-
lation of the two citics at the time of the bombing was 429,000. The
population of Japan in 1945 Was about 72,000,000,
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relief operations and general cleaning up witnessed at Hiro-
shima and Nagasaki would not take place except perhaps in the
lightly hit parts of the United States.

In considering post-attack public-health problems it is help-
ful to consider infectious diseases in terms of the following
categories : First, there are the ‘demic’ diseases, which are en-
demic in human populations and are exemplified by intestinal
infections such as typhoid and dysentery, and by respiratory
infections such as influenza and tuberculosis. Second, there are
the ‘“zootic’ diseases, which normally occur only rarely in
humans but are common among animals. Such diseases, includ-
ing tularemia and plague, currently are not a serious problem
in the United States because of ecological and sanitary barriers
(which break down only under very rare, individual circum-
stances). Another potential hazard are diseases such as louse:
borne typhus and yellow fever, which are not found in the
United States at present, but which, having gained a foothold
(accidentally or deliberately) following a nuclear attack, could
create a most serious public-health problem.

Needless to say there are many other diseases that might take
a tremendous toll in human lives if they were to become ram-
pant. Leprosy, malaria, syphilis, diphtheria, and other diseases
" that do occur in the United States but are kept under control
might become serious menaces if ecological barriers or public-
health controls were to fail. Many of these proved to be prob-
lems in Europe as a consequence of the breakdown of social
organization and services in devastated areas during World
War II. However, epidemics were sporadic and mostly local;
only the incidence of infectious social diseases, such as tuber-
culosis and venereal diseases, increased everywhere.

On the whole, the epidemic situation during and following
World War II was much better than that following World
War I. Several factors accounted for this improvement: pro-
gress, both in prevention and treatment prior to and during the
war; the rapid development of health services between the two
wars; and, partially as a by-product of this development, the
greatly reduced endemic level of nearly all important epidemic
diseases. In addition, the world was spared the influenza pan-
demic of 1918, ‘the most catastrophic outbreak of infectious
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disease of modern times’, which killed about 21,000,000 people
and probably incapacitated another 500,000,000.

The above factors should also apply to a nuclear-attack situa-
tion, but only if destruction is not too extensive, if there is
nothing comparable to the influenza pandemic, and if a mini-
mum of public sanitation can be maintained. The greater under-
standing of the causes and treatment of most of the serious
diseases, coupled with the low endemic rate of most of these,
should result in a picture not too dissimilar from the one in
Europe during the mid-1940s.

However, if there were widespread destruction the whole
picture would change dramatically. The Strategic Bombing
Survey concluded that had the Germans not been forced to

.surrendct when they did, ‘disease would have become rampant’.
Furthermore, some of the very factors that favour a lower epi-
demic rate if destruction is not too widespread have the reverse
effect if the opposite is true. The low endemic level is helpful
in so far as it gives a society respite before the epidemic deve-
lops into full force. On the other hand, the absence of a specific
microbe leads to a reduction in immunity in a population since
there has been no challenge presented them by the particular
organism and hence no - build-up of immune defences. For
example, typhus broke out in Germany during World War II,
put it was found primarily among workers imported from East-
ern and Central Europe. However, among those Germans who
did contract the disease the mortality rate was about four times as
high as it Was among foreign labourers (24-5 v. 6.5 per cent).

Although there was extensive destruction in Germany and

‘other European countries, it seems relatively minor in com-
parison to a nuclear attack. Furthermore, as in Japan, the inter-
vention of lar'ge-.scale American aid rapidly helped to restore

Furopean sanitation standards to their pre-war status.

The circumstances under which typhus, dysentery, tularemia
(;abbit feve.r), and plag1:1e have appeared in epidemic form illus-
crate how, 111 .thc twentieth century, serious public-health prob-
Jems can arise. It must be clearly understood that these
examples have been chosen purely for illustration, not for pre-
dic(jOﬂ-
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Typhus fever is an acute infection characterized by fever and
rash and caused by certain species of virus-like bacteria (ricket-
tsiae). At least three forms of the disease are recognized: scrub
typhus, transmitted by mites, which has never been found in
the United States, but which is widespread throughout the
south-western Pacific area and in south-eastern Asia; endemic
or murine typhus, a mild, flea-borne form found in the south-
eastern United States; and epidemic or classic typhus, which is
louse-borne and is attended by a high mortality rate.

When there is poverty, famine, and crowding, particularly in
communities where the social order has been upset by war,
epidemic or louse-borne typhus may become a real menace. It
has frequently devastated armies and has wreaked havoc among
refugee and other civil populations that are the victims of war.
For example, the impact of World War I set off a ground swell
of typhus fever, the effects of which outlasted the war itself by
some five years. On the other hand, although tens of thousands
of cases did occur, the World War II situation was much less
serious. This was due mainly to the initial lower endemic level
in Europe, the prominent use of DD T, and the greatly strength-
ened public-health organizations.

A situation where the public-health services did break down
and were thus unable to cope with the threat of a major typhus
epidemic arose in Naples in 1943. The first cases of typhus re-
ported in Italy since the 1920s occurred in the city of Bari in
March, and in Aversa in April 1943, with other scattered cases
in several villages in southern Italy. In Naples the first authen-
tic case was reported in July 1943. It is not known how typhus
entered Italy, but it is quite likely that it was brought in by
refugees entering Italy from the Balkan countries or by Italian
prisoners of war returning from Tunisia.

Following the original introduction of typhus into the prac-
tically non-immune population of southern Italy, the incidence
of cases rose rapidly. Apparently the disease had been brewing
in Naples during the late spring and summer months of 1943.
As colder weather approached, more and more cases were re-
ported: in October, 29 cases; in November, 61; between the
end of November and December 5, 26 new cases; while the
next ten days saw 83 more arise. The addition of 288 new
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reports by the end of December clearly illustrated the mount-
ing tempo.

The conditions in Naples and, in fact, in all of southern Ttaly
were ripe for the development of a major typhus epidemic. I
Naples, estimates of the civilian population varied between
750,000 and 1,000,000 persons. In addition there were hundreds
of Allied soldiers, returning Italian civilians, and refugees from
other war-torn parts of Italy and from across the Adriatic. Liv-
ing conditions were congested and unsanitary. Telephone,
transportation, water, light, and sewer systems were disrupted.
Medical personnel for the most part were in the army. Food
was scarce, black-market prices exorbitant; hence, under-
nourishment was striking. Leadership had changed so fast that
most people scarcely knew which way to turn or whom t0

‘ believe. The bombings and terrorist activities of the Germans
and the bombings by Allied Forces kept the cold and hungfy
people in a constant state of fear and anxiety.

At the first wail of the air-raid alarm, thousands poured from
their homes and crowded into the numerous shelters scattered
throughout the city. These shelters were primarily large caverns
honeycombed in the limestone formations that comprise the
hills on which Naples is built. In some of these rooms thousands
of people were found living under primitive conditions, many
without beds, bedding, or other household effects. In addition
to the shelters formed from natural caverns, there were many
small shelters of reinforced concrete located along the railroad
yards and dock areas. No sanitary facilities were available in

most of them and people lived in their own grime and disease.
Many homes were nearly as filthy and crowded as the shelters.
I some instances, two and three families were living crowded
into two rooms in dark, damp buildings. Children were dirty
and poorly clothed. With no soap, no fuel, and poor food, there
was very little incentive to keep clean, and louse infestation soon
became widespread.

The typhus outbreak in southern Italy would probably have
developed into an epidemic of disastrous proportions had it not
been for the intervention of a well-equipped American army,
which supplied the administrative leadership and the technical
skill necessary for the rapid mass delousing with DD T dusters.
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Within a very short time the situation was brought under con-
trol. Similarly, in 1945, the final disintegration of Germany
brought a serious flare-up of typhus, but it was promptly con-
ttrolled by the occupation authorities. In both these instances,
the environmental conditions were not unlike what we might
expect after a nuclear attack.

Another disease associated with poor sanitation is dysentery,
the traditional scourge of soldiers. It was by far the commonest
cause of disability during the American Civil War. It is com-
mon in the tropics and occurs frequently in rural areas of the
southern United States, most often in early summer. In 1960,
there were approximately 3,400 reported cases of amebic dysen-
tery (amebiasis), and nearly 12,500 cases of bacillary dysentery
(shigellosis) in the United States. The mortality rate was about
2.5 per cent of total cases, i.e. about 400 reported deaths.

Actually these figures are somewhat misleading. For example,
there is evidence that from 5 to 10 per cent of the population of
the United States harbours Entameba histolytica, the causative
organism of amebic dysentery, though without any symptoms.
In many of these cases stress on the individual, such as excessive
fatigue or malnutrition, may produce a flare-up of the disease.
Since radiation is one of the most effective agents known to
reduce resistance to infection, it is probable that among an
inadequately-cared-for irradiated population there would be
outbreaks of intestinal infections.

Wherever large numbers of people are massed under condi-
tions that hinder the maintenance of proper standards of hy-
giene, bacillary dysentery becomes an almost constant menace.
Armies, refugee camps, orphanages, prisons, and mental hos-
pitals are particularly vulnerable to epidemics of this disease.
Among the factors that can bring about these outbreaks is the
increased opportunity for the completion of the food-faeces-
food cycle offered by crowding and by the presence of carriers
of mild cases who remain ambulant.

In- general, warm weather favours the presence of flies, and
because of its habits and body structure, the housefly is pecu-
liarly suited for an important role in the transmission of gastro-
intestinal diseases such as typhoid and dysentery. Flies feed
readily on the filthiest excreta as well as the daintiest food
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materials, and they pass freely from human excrement Orf
sputum to clean, appetizingly prepared food. Their sticky feet,
proboscis, and body are excellent mechanical carriers for bac-
teria and other disease-causing organisms, and their habit of$
regurgitating droplets and extruding bits of excrement from
their digestive system when feeding add to their cfficiency as
spreaders of disease.

The prevalence of dysentery has greatly diminished because
of improvements in sanitation, particularly through improved
methods of disposal of human faeces. When these barriers break
down, however, the disease may flare up again, as illustrated by
the dysentery epidemic in Berlin during the summer of 1945.
In the month of June alone, almost 5,800 cases were reported,
with 420 deaths. At this time, 100, a typhoid epidemic began,
with 111 cases reported in June, 382 cases in July, and more
than 1,100 cases during the first three weeks of August.

Typhus, dysentery, and typhoid are examples of human
diseases that break out when sanitary safeguards become in-
adequate, often during times of social stress. However, there are
other discases which infect animals independently of man, and
under normal circumstances are passed on to human beings
only rarely. If as a result of some calamity the relationship
between human beings and infected animals is changed so as to
greatly increase the contact between the two populations, then
;hese ‘animal discases’ may cause serious public-health prob-
ems.

It is not difficult to envisage those conditions following
nuclf:ar attack that might alter the relationship of man to other
Spectes : thousands of people foraging for food, perhaps water,
most likely fuel, to supplement inadequate rations, a pheno-
menon characteristic of many a war-torn region in the past.
In' addition, war frequently causes ecological changes that per-
Mt some species to proliferate profusely; the customary profu-
sion of rats in a destroyed city is an example of this.

Af'l Interesting war-caused ecological upset occurred it the
S_ovxet Union during World War II. In 1941, as a result of war-
ume conditions in many areas, most crops were not harvested
b.ut were left in the fields instead. This led to a great multiplica-
uon of mice, which was further encouraged by the cover of
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weeds that sprang up cver the uncultivated farm land. The
increase in the number of mice (and perhaps other rodents)
apparently contributed significantly to outbreaks of tularemia,

*which plagued both the German and Russian armies, as well
as local civilians. One outbreak near Rostov-on-Don, affecting
37,000 people, was suspected of having resulted from the vic-
tims’ sleeping in barns infested with mice that had contracted
the disease. Another outbreak seems to have begun when grain-
handlers inhaled dust that had been contaminated by mouse
faeces.

Tularemia is caused by Pasteurella tularensis, a bacterium
that has remarkable infective powers, apparently being capable
of penetrating the human skin. The invading organisms estab-
lish themselves, multiply locally, and invade the lymphatics
from which they are transported to the regional lymph nodes,
which become enlarged. At this point there appear sudden and
prostrating constitutional symptoms, including fever. Actually,
the disease may invade the body via any of several routes. The
disease symptoms are related to the particular site of entry and
result in a variety of clinical types.* Even when the disease is
not fatal, its course is usually protracted. Convalescence is
accompanied by much weakness and generally lasts several
menths, although it may last as long as a year.

Tularemia is frequently contracted from handling the car-
casses of infected birds or animals. Rabbits have been incrimi-
nated in most cases of direct contact, but infection may also
result from the bite of an infected cat, kitten, dog, hog, lamb,
wild boar, or even snapping turtle. The consumption of infected
food or water also may cause the disease. In Russia, in 1935,
there were forty-three cases among peasants who drank water
from a brook thought to have been contaminated by sick water
rats. In the United States, sheep-herders, butchers, and shearers

* Clinical types of tularemia include: (1) the ulceroglandular or cutane-
ous type, in which the original site of infection progresses to an ulcer and
is accompanied by an enlargement of the regional lymph nodes: — case
fatality is moderate; (2) the oculoglandular or ophthalmic type, which be-
gins as conjunctivitis and gcnerally results from the introduction of the
agent into the eye by hands soiled with Pasteurella tularensis — the case
fatality is fairly high; (3) the typhoidal or cryptogenic type, which closely
resembles typhoid fever in its symptoms — blood poisoning occurs and the
case fatality is very high.
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are in special jeopardy because they are in contact with infected
sheep or the wood ticks that are the parasites of these animals.

Among the most effective transmitters of tularemia are horse-
flies and deerflies. These aggressive bloodsuckers are serious
pests of livestock, and on occasion they do attack man. These
flies may carry rularemia germs on their beaks, thus trans-
mitting the disease from sick to healthy animals, and sometimes
to man. In the summer of 1935, when the Civilian Conserva-
tion Corps was preparing a game refuge on salt marshes near
Bear Lake, Utah, they found the deer-flies particularly annoy-
ing. Within two weeks over one-sixth of the men had contracted
tularemia and the camp had to be closed. It is obvious that
with the hundreds of isolated cases of tularemia that occur
each year in the United States — in 1960 there were 390 reported
c:ases - there are many potential focuses of infection. This situa-
tion would present a serious public-health problem if the
normal barriers between man and infested animals were to
break down,

C}osely‘related to Pasteurella tularensis is the highly patho-
BENIC bacterium Pasteurella pestis. This organism produces
dlsea.ses in many species of mammals, particularly in rodents,
and in humgapg is the cause of both the bubonic plague and the
Black Death, the pneumonic variant of the same disease,
LhHuman bein‘gs can contract plague in one of two ways:
ngh_ the bite of an infected arthropod, typically the flea
:Xenopszlla Cheopis, or by direct contact and handling of plague-
infected animals, Xenopsilla cheopis feeds on both rat and man,
frec'luendy transmitting the disease whenever contact between
an mf?med fat population and a human population makes such
CIOSS'-mfections possible. The bacteria multiply in the flea, in-
creas:mg In number over a period of weeks, The flea itself may
sur‘vxve for long periods in bags of grain or other commodities.
This means that Pasieyrella pestis can be transported around
the world, either by infected rats or, if climatic conditions are
faVO}Irable, by infected fleas (which infect rats at the port of
destination). Plague did enter the United States through the
West Coast ports around the turn of the century and through
the Gulf Coast ports of New Orleans in 1914 and Galveston in
1920. C“ffenﬂ}': strict quarantine has proved effective in pre-
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venting the spread of plague, but whether effective measures
can be maintained after a nuclear attack is questionable. Badly
needed relief supplies might therefore act as a factor in trans-
mitting the disease.

If a person is infected with plague by the bite of an infected
flea, then he would contract the bubonic form of the disease.
Once the bacteria have entered the body they multiply rapidly
and invade the lymph nodes. These lymph nodes swell, giving
rise to the characteristic buboes of this disease. Eventually the
entire blood stream may become invaded, and sometimes even
the lungs. The pneumonic or Black Death form of the disease
is contracted from breathing in the plague bacteria, which then
invade the lungs. It is characterized by fever, increasing pulse
and respiration, increasing cough, ultimately with blood-
coloured sputum contaminated by many plague bacteria, pain
all over, breathing accompanied by a whistling rattle (sibili and
rdles), restlessness, with some delirium finally leading to un-
consciousness. At about this time, the patient’s face assumes the
typical purple colour from which the name ‘black death’ is
derived. The disease takes about two days to run its course and
mortality is virtually 100 per cent, although if certain antibiotics
and sulfa drugs are administered early enough they can dras-
tically reduce the case fatality rate. These drugs must be given
carly because the drug attacks the bacteria, not the toxin which
is produced by the bacteria and which is responsible for the
patient’s death.

In the United States, there were only two deaths in 1961
attributable to plague. Both cases occurred in New Mexico:
one victim was a Boston scientist on a geological survey, the
other a sheep-herder. This exemplifies the current status of the
plague problem in the United States, a problem that has a
history dating back to the first human case reported in San
Francisco in March of 1900. .

It is probable that trade with the Orient resulted in the infec-
tion of the rats of San Francisco sometime prior to the turn of
the century. By 1910 ground squirrels werc known to be plague-
infected in the coastal region of California from San Francisco
south to San Luis Obispo, indicating an early and rapid estab-
lishment of an extensive natural reservoir of the disease. Human
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epidemics in San Francisco, a smaller outbreak in Seattle, and
a single case in Los Angeles accompanied the earlier manifesta-
tions of plague in rodents. Subsequently, outbreaks occurred in
Oakland and Los Angeles, as well as sporadic cases in other
parts of California and in Oregon, Nevada, and Utah.

Plague spread gradually among the wild rodents, without at-
tracting attention until 1934. In 1935, the Public Health Service,
through a series of widespread studies, discovered that plague
had been progressing steadily into the interior of the con-
tinent and was demonstrated in many kinds of wild rodents,
primarily ground squirrels, wood rats, and prairie dogs of ten
states. It was found in virtually every type of terrain, from sea-
C°3§t 0 mountain, from desert to forest, from valley to plateau.
'}[Ti{s great reservoir of plague infection in the West shows every
indication of being permanent. If the infection continues to
spre'ad eastwards there will be the unpleasant possibility of in-
fection of the urban rodent population (rats and mice) of cities
in fhc central and eastern United States. This means that syl-
vatc plague (plague of woodland animals) would spread to the
rodents .T-hat associate with humans. If the density of these
l‘oden‘ts IS sufficiently great, and the number of fleas per rat is
:uijﬁc:en.uy high, an epizootic (epidemic among the animal popu-
aton) s likely to ensue — a circumstance that frequently
pr::des Outbreaks of human bubonic plague.

Hate tie:: a tt:’mclea}' attack, human plague epidemics mi.ght origi-
which arise United States in several ways. Bubonic plague,
human be‘es as a result of more intimate contacts between
quire not ':EIS and rats, cou]c'l easily deV./elop. This would re-
rat, but alsn ya bl.'cakd.own in the barriers between man ar}d
cla; sical bu(:) an. epidemic among the rats themselves, since in
exposure to ?;‘f’c plague almost all human cases result from
humans in, eqt.lve rat fleas, rather than from exposure to
ANS infected with the plague bacilli.

lik':;he brcak@owp in barriers between man and rat is most
prov}i,dto decline in the wake of the collective stress placed on

b €S an ideal 'b‘“dmg ground for rodents. Even in non-
lu; ;m areas r}ot c.hrectly affected, standards of rat-proofing are
1kely to decline in the wake of the collective stress placed on

the country by an attack which may have destroyed most of its
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cities. Of course, it is possible that the existing rodent popula-
tion surrounding a nuclear-bombed city would be destroyed
by fallout, but, on the other hand, the migration from outside
the fallout field might replenish this decimated rodent popula-
tion.

Instructive in assessing the potential problem of plague in a
nuclear-destroyed city is the outbreak in San Francisco the year
following the earthquake of 1906. The first case of plague was
reported on 14 August 1907 and was quickly followed by others.
Local and state health authorities immediately made efforts to
control the disease, but by 4 September the mayor of San Fran-
cisco was forced to send a telegram to the President requesting
Federal assistance. Dr Rupert Blue was dispatched to take
charge of plague-suppressive measures :

He found that the disease was widespread, that cases had occurred
in all parts of the city, and that the difficulties of the situation were
increased by the disorganized and ruined condition of the city conse-
quent to the carthquake and conflagration of April 1906.

San Francisco was undergoing a period of reconstruction. The
streets in the burned districts were littered with all kinds of debris,
and in certain sections of the city many persons were living under
most insanitary conditions. Some districts were very much congested
because of the sudden influx of refugees and the lack of legal restric-
tions regarding the placing of frame cotiages and the building of
stables. ... Most of these abodes were without any of the ordinary
sanitary conveniences. . . .

In some locations speculators had built large, irregular camps
covering an area of one or two blocks. In these, sewer connexions
and toilet accommodations were often most inadequate. The camps
themselves were filthy in the extreme, and in some the conditions
were deplorable. Uncovered holes in the earth from which flies rose
in clouds served as latrines. Washwater and slops ran under and
between the shacks, garbage was promiscuously scattered, and rub-
bish of all sorts littered the premises. The shacks themselves were
nondescript affairs, constructed of scraps of sheet iron and bits of
old lumber. Because they were close to the ground they afforded
excellent rat harborage.

The majority of the stables in the city were hastily constructed
buildings without any sanitary arrangements whatever. Grain was
kept on the floor in sacks or in open wooden bins, no care was taken
to prevent the entrance of rats and very few stables were provided
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with suitable manure bins. There were numerous cthk?nYﬂfds
throughout the city, and the unconsumed food therein furnished a
ready source of food for rats. . .. Stables with wooden ﬂoor§ close to
the ground, planked yards, debris in the vacant lots, dcfccu\‘/c l?ase-
ments, and cellars all afforded a safe shelter for rats. . .. Coincident
with this condition, fleas were unusually prevalent. .

This was the general picture of the city of San Francisco gt‘ the
beginning of the second plague epidemic in 1907. These conditions
could not start a plagye epidemic, but once the seed was planted, it
had very fertile soil in which to grow.

Vigorous Public-health efforts, consisting principally of an
effective anti-rar campaign, brought the situation under control,
but not before gpe hundred and sixty-seven cases (almost all
bubonic), with eighty-nine deaths, had occurred.

he Second, and more likely, way in which human plagl.lc
could stary i illustrated by an outbreak of pneumonic plague in
Oakland, California, in 1919. The initial case was a man who
became | 3 fq,, days after shooting and dressing ground
Saulrrels for food, Fourteen people contracted the disease,
thirteen of ypo died. This particular outbreak is not too
different jn Principle from the sequence of events that led to
th? first Manchurian outbreak of 1910-11. The epidemic began
with a few isolated cases among fur trappers, and its spread was
hastened by the hot, humid, and crowded underground inns of
the towr, of Manchouli, where the trappers lodged. As the first
few cases of the fata] coughing and blood-spitting disease began
to multiply, inhabitants of Manchouli became frightened,
and, beginning September 1910, as many as could do so
escaped to the €ast and south on the Chiness Eastern Railway.
At several pojne along the route some of the sick and feverish
left the train, thyg spreading plague among the healthy and
unsuspecting. The disease spread quickly, and by the time it
was finally broygh, under control, at least 60,000 people had
succumbed to the Black Death,

T‘:V? features of this epidemic are particularly noteworthy :
the initial hyman involvement resulted from the handling of
infected anjmg carcasses; and once this human infection had
oceurred, the fyrther spread of the disease involved only human
contacts and did pot require the presence of arthropod vectors.
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Furthermore, this epidemic took place in the absence of a great
natural or military disaster.

Current ecological and sanitary standards in the United States
are sufficient to keep plague and most other infectious diseases
in check. However, if as a result of nuclear war and its after-
math, we are once again forced into nature, or are unable to
maintain those barriers against our natural enemies which we
have so carefully built up over the years, then the rodents, the
flies, the mosquitoes, the fleas, and all the other noxious carriers
of disease will once again become a prominent part of our
environment.
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Chapter 10

Sterility and Senescence:
Somatic Effects

Exposure to sub-lethal doses of radiation is known to produce a
number of delayed effects. A thermonuclear attack, which would
expose many people to radiation, is likely to cause an increased
incidence of degenerative diseases and various forms of cancer.
We may also expect an acceleration of ageing processes and a
consequent shortening of life span, loss of visual acuity through
cataracts and other disorders, and an increased incidence of
sterility or reduced fertility. Radiation may also adversely affect
the normal course of human development and may produce
congenital malformations.*

A sufficient dose of localized radiation to almost any part of
the body may produce leukemia and other forms of cancer -
the larger the dose, the greater the probability that cancer will
develop. Studies on the incidence of leukemia in various irradi-
ated human populations have been made on radiologists,
patients subjected to X-rays (for diagnostic or therapeutic pur-
poses), and the bombed Japanese populations. At Hiroshima it

* What knowledge exists in these areas has been subjected to exhaustive
surveys by many authors and panels, including the following: T. Stonier,
R. E. Beardsley, J. Lipetz, and S. Socolar, Radiation, Its Biological Effects,
and the Fallout Problem (New York: Scientists’ Committee for Radiation
Information, 1960); The Biological Effects of Atomic Radiation: A Report
to the Public (Washington, D.C.: National Research Council of the
National Academy of Sciences, 1956); The Biological Effects of Atomic
Radiation: Summary Reports (Washington, D.C.: Natonal Research
Council of the National Academy of Sciences, 1960); Committee on
Pathologic Effects of Atomic: Radiation, Long-Term Effects of Ionizing
Radiation from Extermal Sources, National Research Council Publication
849 (Washington, D.C.: National Academy of Sciences, 1961); Report of
the United Nations Scientific Committee on the Effects of Atomic Radia-
tion (New York: United Nations, 1962); Robert E. Beardsley, ‘Radiation
and Control’, in The Natural Philosopher, Vol. 1 (New York: Blaisdell
Publishing Co., 1963).
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was found that at distances where the dosage was above
75 roentgens there appeared to be a direct 1 to 1 correlation
between the incidence of leukemia and the size of the dose.
Other studies have shown that if 1,000,000 children were each
to be irradiated with 1 roentgen, then at least one; and perhaps
five, cases of leukemia would likely result. But if 1,000,000 child-
ren were each exposed to 100 roentgens (or if 100,000,000 child-
ren were each exposed to 1 roentgen), then between one hun-
dred and five hundred cases would probably arise. In children
irradiated prenatally, the probability is two to ten times as
great: even in peacetime, prenatal X-ray exposure increases the
probability of contracting leukemia by about 40 per cent. Thus,
if a population were to receive 300 roentgens in the first week
after exposure to fallout radiation, followed by an additional
100 roentgens during the first year, one might expect a leukemia
incidence of up to 2,000 cases per million in the first year, In
Hiroshima the peak incidence occurred five to seven years after
the bombing. The incidence of cancer of the lung, stomach,
breast, ovary, and uterine cervix also increased among the sur-
viving Hiroshima victims.

According to the first report of the research committee on
tumour statistics of the Hiroshima Medical Association, the
dose that brings about a doubling of the incidence of all types
of Cancer appears to be less than 464 roentgens.* Moreover, the
lncrease‘m.mmdence showed up in all age groups, which implies
that mdlat‘lm does not merely cause cancer to appear earlier,
tfm t{uly Increases its incidence. The apparent effect of radia-
tion .dlﬂ’ers by site and type of malignancy. This may be because
specific organs or tissues differ in their radiation sensitivity, or

* The survivors showing a doubling in the rate of cancer incidence were
at 3PP’°"“:"3‘°1Y 1,390 meters (-815 miles) from ground zero at the time of
the explosion. At this distance they would have received a dose of about
460 roentgens had they been in the open. However, had they been in the
open, they would also have been exposed to 6 psi blast pressure (enough to
demolish a brick house), and more than 22 cal. sq. cm. (sufficient to cause
third-degree burns and to ignite clothing). This implies that anyone surviv-
ing long enough to develop radiation-induced cancer must have had sub-
stantial protection against blast and heat. Such protection is very likely to
be .ass‘oaated with consndcrab}c shielding. Therefore, it is probable that the
radiation dose actually experienced by the 1,300-meter survivors was very

much less than ic approximately 460 roentgens implied by the air dose.
Hence the doubling dose for cancer induction is well below 460 roentgens.
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because'some body areas develop tumours more rapidly follow-
ing exposures, whereas others do so only after a prolonged time
interval. Perhaps most interesting is that the incidence of all
forms of cancer, including leukemia, increases with the size of
the dose, with apparently slight but real increases occurring at
very small doses, suggesting that either there is no threshold
for radiation-induced malignancies, or that such a threshold
involves very small doses.* '

Among the primary effects of radiation are changes in the
blood system. Many of the delayed effects in other organs seem
to come from the metabolic and nutritional disturbances associ-
ated with an impaired blood supply to these organs. These dis-
turbances lead to a reduction of function and of reparative
capacities, and to an increased susceptibility to injury, infec-
tion, and disease in general.

Studies of the Marshall Islanders accidentally exposed to fall-
out after the BRAVO shot in 1954 showed that certain blood
elements were still at slightly lower levels seven years after the
exposure to fallout, suggesting a persistent irradiation effect on
blood-forming function. These effects appeared to be trans-
mitted to the first-generation male offspring: sons of exposed
parents had somewhat lower levels of certain types of blood
cells (neutrophils, lymphocytes, and platelets) than children of
unexposed parents.

Scientists experimenting on rats and mice have found that
hardening of the kidneys (nephrosclerosis) with high blood pres-
sure (renal hypertension) and associated generalized hardening
of the arteries (arteriosclerosis) are all late effects of total-body
irradiation. These disorders may in turn lead to kidney or heart
failure and cerebral haemorrhage.

Substantial doses of radiation to mammalian tissues reduce
their regenerative capacity, usually to a degree proportionate to

* Those who support the hypothesis that the threshold for cancer induc-
tion either does not exist, or if it exists, is very small (i.e., doses close t0
those already encountered in nature), point to the fact that ‘in the only
instance in which it has been possible to obtain unequivocal experimental
‘data, the induction of phage growth in lysogenic bacteria, no threshold was
found; onc ion pair per cell was effcltive’. On the other hand, see Austin

Brues, ‘Critique of the Linear Theory of Carcinogenesis’, Science, Vol. 128
(1958), pp. 693-9, for a critique of the no-threshold concept of radiation

carcinogenesis.
N.D.-7
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the size of the dose. A small dose of 1 roentgen, when applied t0
about 2,000 mammalian cells, is likely to cause a chromosome
break in about seven cells. One hundred roentgens produce on
the average of one hit per cell, so that the cell is no longer
capable of participating in tissue regeneration. (Some cells will
receive more than one hit, other cells will receive no overtly
damaging hit.) A dose of 500 roentgens is sufficient to destroy
the reproductive capacity of 99 per cent of the cell population.
The damagé to a cell’s reproductive capacity first becomes
manifest in the cells of the rapidly reproducing tssues, for
example, the blood-forming tissues and the epithelium lining
the intestines. On the other hand, cells that do not multiply,
such as those of mature nervous tissue, do not show evidence of
damage, except following high doses.

) When an individual is exposed to a substantial dose of radia-
ton, either to his entire body or to a particular area, he can
expect that his life span will be shortened. Life expectancy can
be 'reduccd when, for example, radiation damages specific tissu¢,
?S n the case of dermatitis followed by skin cancer; or when
1t produces a disease such as leukemia. Generalized changes in
the body as 5 result of radiation-lowered resistance, damage t0
vasculoconnective tissue, degeneration of certain organs — all
can contribyte significantly to a shortened life span.

A person may seemingly ‘recover’ from the effects of radiation
€xposure, but his body is nevertheless left in a somewhat
weakened condition. Although this irreparable damage may not
be apparent, it is equivalent to premature ageing in an actuarial
SENSE, In that it ultimately deprives the individual of part of his
e.xpe<':t?d life Span. Whether or not it is the same as the cumula-
tive Injury of natural ageing is not yet clear. In rodents, dogs
'fmd SWine irreparable injury can be measured: even after an
interval of presumeq complete repair, the lethal dose to 50 per
cent of the population (LD 50) of a previously irradiated animal
population proved to be lower than that of a population never
previously exposed.

In _Beneral, irradiation increases the incidence and/or the
severity of clinically recognizbd diseases. In other words,
diseases may be induced as a direct result of irradiation or
they may be advanced by irradiation, that is, they may appear
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earlier than they would among non-irradiated subjects. In many
experiments, both mechanisms may seem to operate to-
gether, with induction of disease being relatively more
important in cases of intensive localized irradiation, and
advancement of disease relatively more important in whole-body
irradiation.

Most of the research in radiation-induced life shortening
has been conducted with rodents and lower forms, and there are
as yet no data for man that provide a satisfactory basis for
quantitative estimation of the over-all life-span effects of radia-
tion. However, humans harbouring chronic or latent infectious
diseases, or debilitating afflictions of any kind, may suffer an
increased risk from certain diseases following radiation. Radia-
tion resistance is apparently correlated with general vigour, for
in the laboratory the most radiation-resistant strains tend to be
longer-lived and less susceptible to spontaneous infectious
diseases.

A higher death rate, proportional to the degree of exposure,
was observed in the exposed Japanese population. It has been.
estimated that for each additional roentgen of exposure, beyond
a certain level, the life-span of the individual is shortened by
five to ten days. Thus, a population exposed to 300 roentgens
whole-body radiation within the first week after attack, and an
additional 100 roentgens during the first year, may have a life-
span reduction of eleven years (400 x 10 days=4,000 days).

When the optic lens of the human eye is exposed to high
doses of ionizing radiation, cataracts are likely to develop.
Radiation cataracts seem to result from damage to the anterior
epithelium, which supplies the cells that differentiate into the
fibres of the lens. Young animals exposed during pre-natal or
early post-natal periods show markedly greater lenticular radia-
tion sensitivity than do older animals. Although there is less
information on human beings, the lenses of children under one
year of age seem more sensitive to radiation than those of older
children and adults.

Studies made of Nagasaki survivors showed that of 425 who
were between a quarter of a mile and a mile from ground zero,
47 per cent had lens changes. Although the damage in the vast
majority of cases was so insignificant that it was invisible with
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the ophthalmoscope, statistically significant lens changes wer€
present in survivors with no other known early or late evidences
of radiation injury. Of the approximately 8,000 exposed sur-
vivors of Hiroshima and Nagasaki examined up to 1956 (eleven
years after the atomic-bomb explosions), ten cases of severe
cataract had been found, although the relationship between these
cases and radiation alone is not clear. Children who were seven
to ten years old at the time of the bombing (sixteen to nineteen
years old when they were examined) were found to have signifi-
cant loss of visual acuity.

Because the gonads (reproductive organs) are among the most
radiation-sensitive organs of the mammalian body, there is a
great danger of reductd fertility and sterility from radiation ex-
posure. Even relatively small doses, 30 roentgens or less, pro-
d‘uce microscopically detectable temporary changes in these
tissues.

In the dog, the animal most similar to humans in radiation
Sensitivity, protracted irradiation results in a gradual reduction

“In number, motility, and viability of sperm. This is one of the
mqst sensitive indicators of chronic damage so far observed,
being measurable in dogs receiving only 3 roentgens per week;

80 per cent of dogs receiving this dose were sterile at the end
of a year, the remaining 20 per cent showed a reduced sperm
cox;m, and at the end of two years, by which time 312 roentgens
ltlias been given, substantial degeneration of the reproductive
sue (atmphy of the germinal epithelium) was observable. The
same 312, roentgens given as a single total-body dose caused
only partial ang temporary reduction of sperm formation, with
TCCOVETY t0 normal levels occurring within one year after irradi-
ation. The 312-roentgen dose given as 6 roentgens a week for:
:;i‘;hz'leal;ﬁfes'.ﬂted in reduced sperm count (aspermia), and a
ek zxr aiher dose of 375 roentgens given as. 15 roentgens a
.r about half a year resulted in complete aspermia which

was still 1 effect one year after irradiation.

Thf?l'e IS & case of two reactor operators who were acciden-
.fally Irradiated at the Argonne National Laboratory, one receiv-
ing a dose of 12 roentgens, the Second approximately 190 roent-
gens. The sperm count of the first. operator dropped from
500,000,000 per millilitre to 1,000,000 in about seven months,
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and he recovered about fourteen months later.* The sperm
count of the second operator dropped from 500,000,000 per
milliliter to a level of essentially zero in about ten months. It
required another ten months for the count to return to normal.
Thus, a male population exposed to a moderately high radiation
dose followed by a continuous low dose over a period of several
months is likely to exhibit sterility and reduced fertility for
many years.

In females, local irradiation of the ovaries can cause profound
degeneration of the organ with temporary or permanent steri-
lity, depending upon the dose. Total-body irradiation appears
to produce even greater effects on the ovaries and on ferdlity in
female animals than local irradiation of the ovaries with equiva-
lent doses. This may be due to greater endocrine hormone dis-
turbances produced by the former. :

Because the germinal cells of prepubertal animals, and those
embryonic cells destined to form the germinal cells in foetuses,
are considerably more radiation sensitive than the germinal
elements of sexually mature animals, irradiation of the young
and the unborn would cause even more profound depression of
reproductive capacity than it would in adults.

Mammalian embryos exposed to as little as 25 roentgens of
X-rays will suffer far more dramatic and intensive damage than
would similarly exposed adults. For example, in rats the em-
bryonic cells of the differentiating rervous system are 2,500 or
more times as sensitive as the nerve cells of the adult rat into
which they develop. These primitive differentiating cells of the
nervous system are probably the most radiation-sensitive cells
of the mammalian organism: substantial numbers of them be-
come visibly killed in less than four hours after as little as 40
roentgens are given to the whole body of the mother or the
newborn.

In Hiroshima, subnormal head size (microcephaly) was noted
in the offspring of women who were pregnant at the time of the
bombing. Almost all cases occurred in children who were irradi- -
ated within four months of conception. About half of the

* While this would probably not make the individual sterile, it would
Probably drastically reduce the reproductive capability because thgr_c is a
correlation between sperm count and semen volume, and the ability to

cffect conception.
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thirty-one children studied had normal intelligence, the other
half were mentally defective. The defects were clearly related
to radiation dose: of the fifteen defectives, the maternal history
in eleven cases revealed major radiation symptoms after the
bombing.

In addition to neurological defects in the foetuses of the
bombed Japanese population, total elimination of the foetus also
occurred, but because mechanical injury and shock might have
been responsible in many cases, it is not certain how much of
this was caused by exposure to radiation. Of 177 pregna‘nt
Nagasaki survivors, 45 had abnormal terminations (33 mis-
carriages, 12 premature births); 10 of these women with ab-
normal terminations died, 8 of them within a weck after the
bombing. Of the 12 premature infants, 4 were stillborn and.3
died soon after birth. All 19 pregnant survivors who were within
1-18 miles of ground zero had their pregnancies terminat¢
abnormally. Of the women who were somewhat farther away
at the time of the explosion (1-18 to 1-8 miles from ground zero)s
15 out of 20 terminated abnormally. Beyond 1.8 miles, only 11
out of the 138 exposed pregnant women subsequently experi-
enced abnormal terminations,

A.mong the exposed Marshall Islanders there appeared to be
an increased number o

f miscarriages and stillbirths for several
years after the accident, although this trend seemed to have
ceased by. five years later. Again it is not ascertainable whether
or not this increase was caused primarily by radiation, and if

50 whther it reflected genetic or physiological damage.

S[u‘.jlesj °n Japanese children exposed to the atomic bomb in
1945 indicate only 3 very slight but statistically significant re-
tardation of growth gng maturation. However, the influence of
other non-radiation factors has not yet been adequately evalu-
afed.' Extensive measurements on 4,800 children six, seven, and
eight years after exposure in Hiroshima revealed generally that
growth was retarded anq maturation delayed. In another study

of several hundred children in Hiroshima and Nagasaki, made
two, four, and five years after irradiation, physical growth and
development were reported to be adversely affected, and the
retardation of height, weight, and skeletal develop-
ment was still evident at the end of. 1950. But investigators be-

resulting
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lieved that malnutrition and other factors besides radiation may
have added to these effects.

Among the Marshall Islanders, retardation was observed not
only in exposed children and in children exposed in utero, but
also in children of exposed parents conceived several years
after the fallout accident: the male offspring of the exposed
parents were smaller in stature at all ages than those of un-
exposed parents. This phenomenon has not been explained. One
could consider two possibilities: that it has a genetic basis, in-
dicating genetic damage to either the fathers or mothers; or
that the mothers alone were responsible, having been so injured
by their exposure to radiation that they were no longer capable
of producing completely normal offspring.

Boys in the Marshall Islands who were less than twelve years
of age when they were exposed to radiation revealed a distinct
tendency to be shorter than unexposed males. This reduction in
size was prominent in boys under six years of age, and most
marked in those exposed at twelve to eighteen months. Although
this trend was not observed among the exposed girls, X-ray
examinations of the left hand and wrist showed trends sug-
gestive of inferior skeletal maturation in both male and female
children. The growth retardation of some of the boys is quite
startling: two showed retardation amounting to one and a half
to two years, and two others, who were eight and a half years
old in 1961, were so retarded that one had a skeletal age of only
three years, and the other of three and a half years. It would be
helpful if it could be ascertained just how much radiation these
children were exposed to at the time of the accident.*

On the basis of the foregoing observations, it is reasonable to
expect that a population irradiated enough to kill a few per cent
of its members would then have to face serious long-term prob-
lems. Such a population which might have been exposed to 300
roentgens during the first two or three wecks after a nuclear
attack, and an additional 100 roentgens during the remainder

* The population that received the largest fallout exposure was subjected
to an estimated dose of 175 roentgens of whole-body gamma radiation. In
addition, the skin was sufficiently contaminated with fallout particles so as
to receive beta burns. These burns are caused by the weakly penetrating
beta radiation, which destroys the skin and other superficial tissue and

forms ulcerating sores.
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of the year, would be left in such a weakened condition that it
would be unable to cope with the economic and social dis-
organization of the post-attack environment. X
The life expectancy of these people would be cut by about .3
decade. This would be due partly to a doubling of the incl-
dence of cancerous diseases — leukemia alone would kill twO
people each year out of a population of one thousand — but
mostly to the earlier and more frequent appearance of a variety
of degenerative diseases, including heart and kidney failure.
Accompanying the decrease in life span would be reduced
vigour and ability to resist infectious diseases, along with dras-
tically curtailed reproductive power. Reduced fertility, and per-
haps complete sterility, would be widespread, particularly
among those who were young at the time of the attack,
) Th.e exposed children would be most profoundly affected by
irradiation, in that they would suffer the same somatic distur-
bances as would adults, but to a greater degree. In particulal
the boys who survived would be severely retarded in growth.
Thus, those nuclear-attack survivors who were not able t©
aymd extensive radiation* would live shorter, less vigorous
hYes’ succumb more readily to infectious and degenerative
diseases, would have great difficulty in conceiving a new genera-
tion, and might also not be able to rear its existing young int®
viable adulthood. If such a population were forced to face 3@
post-attack environment, with its limited resources, the demise

of a large part of the population, if not the entire population,
would be Virtually assured.

*Th . .
outsi dcc d;::d:f Is reminded that in a moderately heavy fallout ficld the
two months focljl:n unshielded person betwecn the end of two weeks and

dose of 670 tocm‘gv::g a nuclear explosion would still accumulate to a total



Chapter 11

Ecological Upsets:
Planzs, Insects, and Animals

Until fairly recently, public discussions dealing with fallout
were concerned almost solely with the potential effects on man.
This emphasis is not only egocentric, it is naive. For if fallout
is capable of killing human beings, it is also capable of killing
other creatures, and it is well known that even small changes
in nature can lead to a concentration of events which may ulti-
mately profoundly alter the relationship between man and his
environment.

It is difficult to predict the biological upsets that would result
if large quantities of radioactive material were to be deposited
over the countryside. For example, very small amounts of radio-
active phosphorus were released into the Columbia River
(which contains little phosphorus) by the Hanford Plant of the
United States Atomic Energy Commission. The radiophos-
phorus entered the food chain and became concentrated along
each step so that young swallows in the area were found to have
accumulated the radiophosphorous by a factor of 500,000, while
some duck and geese eggs were found to contain well over a
millionfold the concentration found in the river water.* In
spite of the large concentration factors, the ability of the eggs
to hatch was not appreciably affected, probably because the
initial levels of radiophosphorus in the river were extremely
low. But if higher (but not obviously dangerous) levels of radio-
active phosphorous had been discharged into the river, they
might have eliminated part of the local bird population, a result
that could not have been anticipated a priori.

* The algae in the Columbia River accumulated the radiophosphorus

onc thousandfold, adult geese and ducks concentrated it 7,500 times over
the level found in the water, and adult swallows 75,000 times.
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The problem of predicting the consequences of heavily con-
taminating large tracts of land with fallout stems from a variety ‘
of uncertainties. Not only do various organisms accumulat€
fallout products at different rates, but the same amounts of
radioactivity do not result in equivalent amounts of biological
damage in dissimilar organisms. Furthermore, the mechanism
of biological damage varies from one radioisotope to the next-
For example, cesium 137 emits gamma rays and is not incor-
porated, as far as is known, into molecules of great biological
significance. This isotope probably exerts its effect inside the
body in the same manner as it does when it irradiates the
organism from some external source. In contrast, radiophos-
phorus may enter molecules of great biological significance, such
as 'nucleic acids, probably disrupting these molecules upo?
filsmtegrat.ion and thereby causing damage in addition to that
induced by radiation.

Most of the damage to mammals who have ingested appreci-
able amounts of fallout is likely to result from strontium 90-
ill-ldlcs of cotton rats at the White Oak Lake bed, in Oak Ridges
p:ﬁif:i;f indicatec} t‘hat stromiul.n 90 accounteg for over 80
posited rad'd"e radiation dose dehvcred. by the 1f1ternally d.e—
assessing 101s0topes, Hov.zcvcr, whaf is more important 11
rats recei\i‘:‘-anuk ecological upsets is the fact that the cotton
ingested rad‘o'nly about 10 to 15 per cent of the total dosc.frf)m
dose orie: 101sotopes : 85 to 90 per cen.t of the total radlauc?n

. r'8ated from the fallout-contaminated envi ent in
which the par. 1 e t-c vironm
18 lived. Therefore it is the external radiation from
fallout that 5 g, likely to produce profound upset:

From an ecgjq; N e e d
merely anoth, gical point of \.new, radiation may t.>e conmder.e

R er form of environmental stress, like excessive
wind, cold, o drought. As with other stresses, species vary
tremendously i the bl ithstand radiati > F s g
populations o eir ability to withstan  radiation. For variou
would depend Specific organisms, s‘urvxval in a f.allout field
bers, the amou:DOH Lhe.ra.dlosensmvm‘y of. t}]e individual mem-
exposed 1 t of radiation tl?at the 1nd}vxduals were actu'tally
Th 0, and the reproductive potential of the population.
t_hee szx:s:;zxc;f course, could vary even among members of
ground woulq €S: Insect grubs feeding a few inches below

get a very much smaller dose than the adults
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flying around in the fallout ficld. The greater the reproductive
capacity of a population, the better chance it would have of
surviving : if only one pair of creatures out of a thousand sur-
vived, micro-organisms could reconstitute the entire popula-
tion in a matter of hours, insects in weeks, mammals in years

In respect to the first variable, the radiosensitivity of various
species, it has been found that mammals are most sensitive,
almost all being destroyed by a dose of about 1,000 roentgens.
Other vertebrates are somewhat less sensitive. Insects are very
much more resistant: many are still able to reproduce at doses
above 5,000 roentgens, which is ten times more than is needed
to kill many mammals. Although many insect eggs are destroyed
at doses well below those which kill mammals, adult insects can
absorb doses higher than 100,000 roentgens without apparent
ill effects. Certain other arthropods, such as mites, as well as
certain other invertebrates, such as parasitic nematode worms,
are still more resistant than insects. Plants vary in their sen-
sitivity all the way from pine trees and other conifers, which
are about as sensitive as mammals, to mustard seeds, which
can absorb 92,000 roentgens and still produce viable plants. In
general, however, plants tend to suffer appreciably from doses
of about 5,000 roentgens.

Thus, we can conclude that radiation would tend to stress, if
not actually eliminate, the vertebrate and certain plant popula-
tions, while other plant populations and most invertebrate
populations, including insects, would hardly be touched. In
addition, as we shall see, the indirect effects may prove to be
even more serious. Sick and dying plants favour the build-up
of populations of plant-eating insects (bark beetles, grass-
hoppers, etc.). Radiation-damaged plants would therefore pre-
sent the herbivorous insects with a ‘preferred’ food supply,
which would tend to produce insect population explosions. This
potentially calamitous situation would be greatly aggravated by
the extensive destruction of the birds and mammals feeding on
the insects. The result: insect plagues.

Associated with the spread of insects would be the spread of
certain insect-borne diseases. Furthermore, large tracts of killed
trees would pose serious fire problems. Thus, the plants in and
near fallout fields would be subjected to a multiple assault of
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radiation, insects, disease, and fire. In some areas the plant
cover could be damaged, possibly even eliminated, setting the
stage for serious erosion problems.

There have been very few actual experiences with the effects
of large amounts of fallout in nature. Studies of natural popula-
tions of fruit flies were made on Rongelap Atoll, in the Marshall
Islands, and it was found that these insects readily survived the
heavy fallout to which the islands were accidentally exposed
as a result of the March 1954 BRAV O shot on Bikini. Although
genetic damage was evident the fly population recovered rapidly.
On Rongelap the fruit-fly population had a lowered rate of egg
development in August 1955 (about a year and a half after the
BRAVO shot), but by August 1956 this effect was no longer
apparent. On Bikini itself, on the other hand, the fruit-fly
population sampled at that time still showed a lowered rate of
egg development, although it did ‘not seem to be a serious
handicap to the over-all population.

In. nature, the abundance of eggs laid results in crowded
conditions, which normally increase the death rate. If a sizeable
number of the eggs fail to hatch, the surviving larvae have more
food available and thus have a better chance of reaching adult-
hood. It is not surprising, therefore, that scientific investigators
reported no difficulty in collecting fruit flies on the fall-out
exposed islands except where fly populations appeared to be
reduced because of lack of food. In fact, the Marshall Islands
surveys indicated that shortages of food, rather than the reduced
{-eproductive capacity, acted as the limiting factor in re-establish-
ing a fruit-fly population following exposure to fallout.

The plants fared far worse. Of a total of fifteen flora species
on Gegen Islet, a small island at the northern edge of Rongelap
Atoll, thirteen species showed conspicuous injury or death. This
islet received a dose estimated at 3,000 roentgens. Five years
later, ‘the most striking feature . . . from the air was the generally
grey colour of much of the vegetation, in contrast to its normal
green colour’* The injured plants had a variety of pathological

* On Kabelle Islet, also a part of Rongelap Atoll but somewhat farther
downwind and to one side of the fallout field, three species showed damage,
the mangroves having been completely killed off. On Eniwetok Islet

(Rongerik Atoll), which received about one-third the dose to which Gegen
Islet was subjected, the fallout affected only two species. However, these
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conditions: some showed curicus mistletoelike or witches-
broomlike leafy branches of a dark green colour, most showed a
loss of leaves and dying back of twigs, while others showed only
a yellowing and shrivelling of leaves. A small grove of coconut
trees near the centre of Naen Islet (Rongelap Atoll), also heavily
contaminated, contained four or five dead trees decapitated at
heights of five to twelve feet above the ground (with no evidence
of machete marks). Several trees had dry and shrivelled fronds
and about six showed deformed bulges. Two double-headed
coconut trees were also seen, one of which appeared to be dead.

It is not certain whether all this destruction is directly attri-
butable to the exposure of the plants to fallout radiation. Some
of the detrimental effects may have been caused indirectly -
the irradiated plants might have been less resistant to drought
or to parasites, and therefore succumbed to these additional
stresses. Hence, these effects should be considered as due to
radiation, albeit delayed. .

The vertebrate population on Rongelap Atoll examined for
radiation effects included eight swine, one cat, four ducks, forty-
one chickens, and nine baby chicks. These animals had received
relatively small decses of between 280 and 360 roentgens, de-
pending on the date of removal from the island, i.e., doses well
below the LD50. Although malnourished, they showed no
other evidence of disease. Autopsy of two chickens that had died
during transit revealed no pathological findings that could be
associated with radiation. It is interesting to note, however, that
all nine baby chicks died spontaneously. The human com-
ponent of the vertebrate population was subjected to only about
175 roentgens prior to evacuation. Since the effects on adults
were minor, while the effects on young children were pro-
nounced, one cannot help but wonder whether the death of the
chicks did not also reflect somatic radiation damage,

The observations of the ecological effects of fallout in the
Marshall Islands represent only a very limited type of experi-
ence, and thus it is difficult to extrapolate from this data to

were sufficiently prominent so that the loss of leaves and die-back of twigs
caused the vegetation to be a general grey colour. This islet was devoid of
fruit flies in 1956.
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N ; xception of 2
potential events in the United States. Wlf:)lr;h :nz falr:na of the
few areas, such as the Florida Keys, the in most parts of
coral atolls are very different from those in fairly rigorous-
America. The environment of a coral island is s and desiccat
The plants must tolerate high salt concentration hall Islands iS
ing winds. In addition, the isolation of the Mars subcontinent-
atypical of conditions on the North Amcncan_d maged zon¢
Migration of various creatures into the fallout-da : from
would tend to ameliorate the adverse effects stemming
local fallout radiation. . intaini

Migration can be extremely important in m?m;a:il::l;ng:
balanced relationships in nature. Any suitable e?ologlcih mig-
that can support life tends to become filled rapidly wi can
ratory biotypes. This is true not only of animals g?atersal
migrate, but also of plants that have reproductive dispe od,
devices, such as windblown seeds. It should be emphas‘z'ble
however, thay in order to be filled such niches must be accesmOir
to the migrants, and that currently there exists a large reserv

. . be-
of organismg that are ready to repopulate any niche that
comes temporarily vacant.

. . . us
If migratiop, into an area by birds and secds, following serio
damage by fallout,

is likely to have an amclioralil'fg effect, mi:l
Y also be true. Insect populations building up }
areas subjecteq 14 fallout may migrate out to devastate the s‘-u't
rounding COuntryside, This happened in Oregon after the' grea
Tillamook fqpo, fire of 1933. Douglas-fir beetles bred in the
fire-damageq trees, and by 1935 they had developed such la’gi
numbers thy, SWarms migrated out of the burned area to .aFtacl
green timber y, s0 doing, the beetles destroyed an additiona
300,000,000 boarq feet of valuable timber.

Another incidem’ involving the vast and majestic Engelmann
spruce forests of Wwestern Colorado, which were destroyed by
bark beetles jp the 19405 provides the best example of what
could happen jf large trac’:ts of forest were irradiated. In Juns
1939, a severe Windstorm swept across the state and knoc.ke
down many of the shallow-rooted spruces. Many of thesF wind-
thrown trees remaineq alive for years, gaining nourishment
from the roots on the down side, and thus they became a fertllze
for the Engelmann spruce bark beetles. By 1942,

reverse mg

breeding place
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the sick trees had been consumed and the beetles had built up
tremendous populations. The beetles then began invading the
standing spruces, and by 1943, when the infestation was first
discovered, the number of infested trees was so great that it was
no longer possible to control the insects with fire or insecticides.
By 1948, much of the area that had been covered by the stately
green spruces was now a ghost forest.

During the beetles’ flight period of 1949, the air was so full
of beetles that the ones that happened to fall into a small lake in
the infested area and were washed ashore (although only a
minor fraction of the total flight) were so numerous that they
formed a drift of dead beetles a foot deep, six feet wide, and two
miles long. Those flying south-east over cighteen miles of open
country settled on a plateau of previously uninfested forest and
killed 400,000 trees in one mass attack.

Thus, we have tragic evidence of how fast and silently a
tiny insect can do its damage when a combination of favour-
able factors brings about a population explosion. In six years
alone, sixteen times more timber was destroyed than was killed
by fire over a thirty-year period in the Rocky Mountain region.
Parts of the nation’s most beautiful national forests were dam-
aged for a generation.

Just as forest fires and wind damage may bring about con-
ditions favourable to a beetle population explosion, so may fall-
out radiation. Large bodies of wind-thrown timber provide
highly favourable conditions for the build-up of beetle popula-
tions, because green trees that have been blown over may live
on for a while but can offer little resistance to the attack of
insects. The same statement applies to radiation-damaged trees,
which would afford an ideal substrate for the rapid growth of
many arthropods and micro-organisms.

Although scientific data in this field are scant, there exists at
least one experimental observation that would support this
contention. G. M. Woodwell, ecologist at the Brookhaven
National Laboratory, studied the effects of chronic gamma
radiation on an oak-pine forest on Long Island, New York. At
distances from the radioactive cesium source where the oaks
received 5 roentgens per day, the defoliation by insects was
about five times as great as that observed in control areas. At
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: iation
these distances the oaks showed no overt 253:10(§m1ﬁ were
damage in that both shoot expansion and leaf had been severely
normal. Closer to the centre, where the Oa_ks. ® was about teP
ir;jurcd by the radiation, the insect defohaucg: ent darnag®
times as severe as in the control areas. Most of the i d loopers:
was attributed to leaftiers, leaf rollers, leaf beetl'e > ? ild-up ©

In a post-nuclear-attack situation, an explosive bui ouraged
beetle or other insect populations would'be furth;r enc e 65
by the destruction of vertebrate pOPUIaHO‘?S' Predators d firess
woodpeckers, many of which readily survive Storms an adia-
would be almost completely eliminated by h‘gh-mtensidy \rvould
tion.'Only those migrating from outside the fallout .ﬁe Io akes
be available 1o begin building up a predator pop ulation. ltaut an
years to build up a substantial woodpecker population, £ 500
unchecked bark-beetle population can increase at. a rate O e
10 1in a single generation. Furthermore, once an insect pop

: rela-
tion has overwhelmed a forest, predator control becomes
tively insignificant,

rest
A specific case in point is a study made on another fo
pest, th

¢ Spruce budworm. Although under normal cucu;:‘l_
stances birds gre extremely important in contro!lmg low ks
demic levels of Spruce-budworm populations, during OU[breiCk’
the birds exercjse only a minor influence. In New Bl'uns";'ol Py
Canada, the budworm population increased elght-thousandbler’
while its mog, responsive predator, the bay—bree}sted war oly
increased ony twelvefold. The budworm population ultimat 4
declined, byt only because it had run out of food. In the Sta:i .
studied, defoliation became severe in 1950, trees started to d
in 1954, angq tree mortality approached 100 per cent aroun
1960. Thus, jt Was the extensive defoliation and tree mortall_tcyt:
followed by the great outward emigrations of moths w:lda-
accompanies these phenomena, rather than increased pr

tion, which finally brought about the reduction of the budworm
population,

In the case of the E
sufficiently large popul
ferred food supply had

ngelmann spruce bark beetles, once @
ation had built up, and once the pfe;
been consumed, the beetles wer? force
t0 Prey on healthy trees. This resulted in a temporary mcr.eaﬁl‘f
in beetle mortality since many a beetle succumbed to the pitch,
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but before long the attacked trees also sickened and offered little
further resistance. The forest was overwhelmed and as the local
food supply ran out, hordes of beetles migrated to other locali-
ties to repeat the process.

Actually the above story is oversimplified. The ecological
relationships between insects and plants are more complicated
in that not only food supply and insectivorous birds determine
the rise and fall of all insect populations, Climatic factors,
microbial parasites, and predation and parasitism by other
invertebrates also play a significant role in keeping insect and
other arthropod populations in check. In fact, as B. D. Burks,
of the Bureau of Entomology and Plant Quarantine, has aptly
summarized: ‘throughout their lives from egg to death, most
insects are surrounded by others that are trying to eat them or
lay their eggs in them or on them or to seize and carry them off
to become food for their own developing brood. Many insects
pillage the food their more industrious relatives have accumu-
lated. While the interlopers grow fat, the helpless young that
should have had the food are killed or die of starvation.” Even
mites of one species have recently been found to be attacked
by mites of another species.

By and large, the control exercised by arthropods on their
relatives tends to be specific. That is, any one arthropod para-
sitizes only one, or a few, other species of arthropods. In con-
trast, insectivorous frogs, lizards, birds, and mammals eat
almost any small creature that moves. Furthezmore, vertebrates
tend to consume what is most readily available, and what is
most readily available tends to be those insects whose popula-
tions have overcome the controls that.normally keep them in
check. Statistics bear out the significant contributions made
by birds towards maintaining nature’s balance. In farmyards in
the Salt Lake Valley in 1910 and 1911, E. R. Kalmbach captured
adult English sparrows returning to their nests and analysed the
contents of their bills and throats. On the basis of these observa-
tions, Kalmbach estimated that the amount of food brought
in at each trip by the adult birds amounted to an average
of fifteen alfalfa weevil larvae or their equivalent of other insects.
The adult sparrows averaged eleven trips per hour. Assuming
that the young were fed twelve hours a day, a single brood of
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English sparrows would account for 1,980 larvae or their cqule
valent of other insect food. At the time these studies Wer
undertaken, it was not uncommon to find farmyards with straw-
thatched cattle sheds that supported a hundred or more nests '°
English sparrows. Such a colony of birds would devour daily
a total of 198,000 alfalfa weevil larvae or other insect food- Ads
the young remained in the nests for at least ten days, they woule
have eaten insect food equal to the volume of 1,980,000 weeV
larvae during their nestling life. ¢
There are many instances of birds controlling outbreaks ©
coddling moths, brown-tail moths, gypsy moths, caterpillarS
flies, beetles, and other insects. For example, woodpeckers have
been known to decimate bark-beetle populations and thus pPre”
vent plagues like the one that struck the Engelmann spruc¢
However, as ope noted student of these problems, F. E. L1~
13:: b has Pointed out, ‘it would appear that the true function Oi
mse::secuvorqus. birds is not so much to destroy this or f-has
. Whm:est s 1t is to lessen the numbers of the ins:ect trl‘be it
lifer | I{ 1 reduce to a lower level the great flood tide of ms".ts
and a e Kalmbach has added that “lexibility of food -habl:o
capture mZECY 1o prey on what is most abundant and e,asu:st've
force fop thee the bird world a highly mobile and resp.on‘-‘»ldy
abundan; reduction of any insect that may be inordinan

most ~ Significantly, the destructive insects are as a rule the
S abundant ones.’ .

The birq )
w i ch
as bats, m°le<:rld Is reinforced by a number of mammals su

mice. Gragey sh:ew.s, skunks, armadillos, and grzfsshop?‘?r
their destry, oPper mice and deer mice were conspicuous 1D
Skunks weretxoln of range caterpillars in New Mexico in 1?13-
that indjcay, da 80 found to contain remains in their droppings
pupae of tl:- t.ha[ 85 per cent of their food consisted of .t.he
that showe d’S'msect_ Late in the pupal season, the localities
pupae. Fre S1gns of skunk activities would be largely free of
thirds of thque-;ldy areas of four to five acres would have two
well it wa ¢ silken cocoon webs empty. In a section near Max-
unda S reported that only 5 per cent of the pupae remained

maged. This was thought to be the result of attacks by
" mammals, including severa] species of mice, skunks, badgers,
and even coyotes,
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It should be clear by now that even though invertebrate para-
sites and predators play a very significant role in maintaining
current balances, the presence of the insectivorous vertebrates
is also crucial. There are three lines of defence against calami-
tous outbreaks of insect plagues. The first is made up of those
predaceous and parasitic arthropods which live at the expense
of their relatives; the second consists of the vertebrates whose
more versatile food habits reduce any excess population that
tends to get out of hand; the third is the rapid spread of micro-
bial parasites leading to an epizootic. The last line of defence is
most effective after a population has already exceeded its normal
quota and has become crowded. There are also other pressures,
some of which operate specifically against certain arthropods
(e.g. the production of insect repellent or toxic substances by
plants), and others that operate non-specifically (e.g. adverse
climatic conditions). An insect plague, as discussed above, may
also run its course as a result of food shortages. In addition,
and perhaps of greatest importance in considering the ecology
of the United States, there are the efforts made by man to com-
bat insect infestations.

Sometimes the first line of defence is non-existent, or has
become only partially established. This is the case for im-
migrants like the gypsy moth and the Japanese beetle which
are still not in full equilibrium with their new surroundings in
the United States. Even in the absence of the additional stress
imposed by radiation, a dramatic flare-up of these well-known
pests might suddenly occur. In other cases the first line of
defence may become seriously weakened as a result of fallout.
This is exemplified by the studies of a mixed population of
predator and prey mites. At radiation doses higher than 3,000
roentgens but below 25,000 roentgens predator mites declined
more rapidly than their cousins on whom they preyed. This led
o a lowered mortality among the prey, with a corresponding
Prey population increase. The case is similar to the rise of
European red mites in orchards all over the world as a result
of the extensive use of DD T, which killed off their more sen-
sitive insect predators, ladybird beetles.

Once the first line of defence is breached, the second line of
defence (if fallout deposition has been sufficiently intense and
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jon
widespread to reduce the vertebrates) would ensure _a pOPujzz .
explosion, if food supplies were adequate. Sometimes € O ase
the vertebrate population remained intact, the dramatic m; or-
in preferred food supply (radiation-damaged plants) 'coul lrJr
mit insect populations to outrun their predators. Th.JS Occ‘éove.
in the case of the spruce budworm outbreaks described 2 u
Radiation from fallout deposited on marginal grassla{lds C‘iion
have the same effect as overgrazing. A patchwork of veget2 in
and bare ground favours the population build-up of locuslsuf-
desert or semi-arid country. If population density increases $ i
ficiently the locusts develop longer wings as a result of crow .
ing, and swarmg may emigrate into cultivated lands, consuﬂ}”;‘ls
everything in their path. For most insects, plague populatiot®
would be achieved within one to a few summers. s
The third line of defence, the microbial parasites, bccomed
mOost significant when the explosion has already taken place an
the Proximity of large numbers of insccts assures the raple
§erad of parasites, Crowding of 'certain insects increase.s th
incidence of diseases among them. In some situations the (115.‘3asc
SECMS 10 appear as the result of the activation of a latent Virus:
I'n Other Cases, the stress of crowding lowers the host’s I~
SIstance so tha micro-organisms normally present in the €n~
Vironmen, including those in the insect’s own gut, are able 10
pr'oduc'e disease, Radiation would not seriously weaken fhls
:;:: liltn:n:f defencle against the insects. If anything it mlg::
ore effective by producing new mutants that posse
2 greater Infectivity or pathogenicity or both. For this reason
1t 1S possib

. ¥c that some of the insect plagues might run their
course withip, 4 single season.

Not only weyg the relationship between insects and their
athogens

¢ altered, but also the relationships between plants
and. p}am Pathogens might be changed. Plants weakened by
radiation succump more readily to invasion by micro-organisms.
All pine seeds €xposed to 5,000 roentgens failed to germinate
eriment conducted by two Swedish scientists, while
1,000-roentgen doses Permitted about a third of the seeds to
germinate. However, these seedlings were weak, and all were
killed by damping-off fungus, Survival of exposed plants follow-

in an exp
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ing intense, widespread radiation is further jeopardized by the
possible acceleration of mutation rates which might result in
the production of new pathogenic mutants. New races of rusts,
smuts, rots, scabs, blights, burns, galls, wilts, cankers, blotches,
mildews, and other disease-producing organisms might appear
following the widespread deposition of fallout, and these new
races might give rise to others capable of attacking formerly
resistant hosts, or inducing greater damage more rapidly in
susceptible ones.

Probably more important than the possible increase in the
pathogenicity of various disease-producing micro-organisms
would be the increase in the insect (and other invertebrate)
populations. Insects influence plant diseases in many ways.
Aphids, leaf-hoppers, and a number of other insects transmit
virus diseases, and many insects are known to carry and trans-
mit bacterial and fungal plant diseases. Some pathogens rely
on insects as an alternate host in which to grow and multiply.
Even insects and other invertebrates (e.g. nematodes) that do
not transmit diseases themselves facilitate the spread of disease
by making wounds on a plant through which fungi or bacteria
may enter, or by weakening a plant so as to make it more sus-
ceptible to disease attack.

The reverse may also be true. Disease attack may weaken the
plant sufficiently to facilitate invasion by insects. The classic
example of this is the Dutch elm disease in which an insect and
a microbe act as a team. The smaller European elm bark beetle
spreads the disease, and the fungus Ceratostomella ulmi pro-
vides more favourable breeding places for the beetle by weaken-
ing and killing healthy trees. Even in the absence of radiation,
one may see history repeated if the newly invading bark beetle
Xylosandrus germanus attacking oaks in the Eastern United
States and the fungus Endoconidiophora fagacaerum causing
oak wilt in the Central States become associated.

The Dutch elm disease illustrates another principle: the
synergistic effect of double assault. The smaller European elm
bark beetle is kncwn to have become established in Boston as
early as 1904, but it did little damage and was not considered a -
serious pest for a quarter of a century. In the absence of a
natural mechanism of dissemination, the fungus Ceratostomella

N.D.-8
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wlmi is ot much of a threat. But the double assault of beetle®
and fungus has been disastrous for the American elms. Sim1”
larly, defoliation by the gypsy moth retards growth, but a single
defoliation usually does not kill. Death usually results ©
from repeated defoliation, although young white pine U'?es
and some other conifers frequently do die after a single su’ippl_“g
of the foliage. On the other hand, if defoliation occurs during
long periods of drought, or if young emerging leaves from
primary buds have been killed off earlier in the season by 2 laté
frost, then the added insult of insect defoliation is too much
and the tree dies. On the basis of these observations it WOL_‘l.
not be unreasonable to expect trees whose regencrative resill”
ence has been seriously impaired by exposure to severd
thousand roentgens to succumb to a single defoliation by the
gypsy moth,

It is clear, therefore, that fallout fields of several thousand
roentgens are likely to place an overwhelming stress on terrest”
rial plants. First, even though many mature plants may survive
eXposure to 5,000 roentgens, they may be sterilized. Second, th®
upset in ecological balances exposes plants to a greatly increas®
tt;':; at::'?at of insect infes'tation and disease, at a time whe?

One o “15[ capable of resisting such an assault.
stands ofcl‘:iﬁglcal imbalance tends to lead to another. Larg®
of the war ;d trees are highly susceptible to forest fires. Some
illed foreztts r't;‘sh on record have occurred in localities of beetle”
often a favou.r . ; re;{:rse also occurs: ﬁr'e-damaged trees 81';
with the Unitedes ree ,mg gr0_und for certain bark t?eet'les. Eve
eral thousand sqy aes 1ex rensive fire-fighting orgar‘nzanons, 'seV-
gine how wit}? ;:': ;m hCS burn dOWn each year. Itis easy to 1m3;
even non-existe -dg ting facilities sev.er.ely h?ndxcap;.)ed o
Killed: tr nt and large tracts of radiation-killed or insect

ees there could be larger and more destructive forest
fires than have ever occurred on this continent.

Recovery from forest fires is a natural event, but recovery
fr.om fox:est fires in areas devastated by radiation, insects, Of
disease is another matter. Many of the adaptive devices that
have evolved to ensure regeneration or repopulation following
a fire would probably be relatively ineffective following large
doses of radiation. For example, many pine seeds are not released
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until the cones containing them are heated. Thus, a fire that
destroys one generation of trees may sow the seeds for the next.
In an irradiated forest, however, there may be no viable seed.
Studies on the irradiated forest in Georgia indicate that whereas
about 7,500 roentgens completely killed the loblolly pines, doses
of only about 1,000 roentgens caused the trees to form abortive
cones. Other studies indicate that conifer seeds already formed
would also be killed or seriously handicapped at doses much
lower than those required to kill the trees (spruce seeds are
killed at doses of 1,000 roentgens). In addition, relatively low
residual doses in the environment might also impede recovery.
For this reason, reforestation following fires is not necessarily
an automatic process in radiation-damaged forests.

It is not unreasonable to expect that a single twenty-megaton
weapon would contaminate 4,800 square miles to the extent
that the exposure would amount to several thousand roentgens
over a few weeks. This dose would probably be high enough
to kill coniferous forests (e.g. the spruce forests of the Western
States) and place in serious jeopardy the deciduous forests (e.g.
the oak-hickory forests of the East). This dose of fallout would
probably also ruin the grasslands. Most herbaceous plants such
as grasses and weeds are much more resistant to gamma radia-
tion than are trees, but fallout would irradiate plants not only
with gamma rays, but also with alpha and beta rays. The doses
cited above refer to doses at three feet above ground. Actually,
the doses at one-sixteenth of an inch above a surface covered
with fallout are likely to be at least ten times those at three
feet above ground. This might prove to be extremely damaging
0o many herbaceous plants. Thus, the fallout from a single
twenty-megaton bomb could readily devastate an area the size
of the state of Connecticut.

Extensive local fallout would upset many of nature’s balanced
relationships. The most serious upset would stem from the
build-up of insect populations as a result of providing the
insects with large numbers of radiation-injured trees and other
plants, while at the same time drastically reducing the verte-
brate populations which normally help keep the insects in
check. There are by far more kinds of insects than all other
kinds of animals combined; therefore it is not possible to predict
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: < > S.
tly which insects would be likely to achieve ‘plagu¢ statt

ainly, on the basis of past experience, park beetles, ::y
les, and loopers are likely to become a problem. But 2 ils
vast tribes of other well-known insect pests such 2 wee‘ﬁes’
ids, crickets, grasshoppers, leaf-hoppers, Japanese bee s;
ato beetles, striped cucumber beetles, coddling moth® gyfxc—
ths, San José scales, cabbage worms, tomato worm®, “'Ioin‘
rms, hornworms, cutworms, earworms, armyworms, |
rms, squash bugs, spittle bugs, stink bugs, lygus
gs, chinch bugs, borers, sawflies, Hessian flies, an‘? thelp®,
11 as other prominent, or at the moment ‘inconspic
:ts which may suddenly bloom forth as a result ©
slogical forces. the
Mushrooming insect populations are likely t0 spread fr-om the
liation-damaged areas in which they aroseé, and, hkea ed
wusts of biblical times, wreak havoc in previously o
eas. Accompanying the inscct plagues would be cwhich
seases transmitted by insects, particularly those diseases ct Of
tack plants that have been injured or weakened by lnjc‘e ectS
diation damage. The combined assault of radiations 1ner of
sease, and fire could temporarily strip off the plant Covcei""
st areas. If the attack is sufficiently widespread, i is © nhﬂ"e
sle that a few years later almost all the forests wou be-
:en destroyed, and most of the countryside would hav:uﬂ“y
yme converted into marginal grasslands, if PO ¢

ipped . ever’
ripped, leaving a naked earth to be ravaged by
-esent forces of erosion.

£ alter



Chapter 12

Ecological Upsets:
Climate and Erosion

The ecological imbalances that could be produced by extensive
fallout have been described in the preceding chapter. These
imbalances would be caused by the radiation emitted by the
fallout, 1n addition, the simple act of injecting a large quantity
of dirt and other matter into the atmosphere could also have
Profound consequences. First, fallout particles settling on snow
Would cause the snow to melt more rapidly. Under certain
Clfcumstances this could lead to disastrous floods. Second, and
More important, injecting large quantities of small particles high
nto the atmosphere could produce marked changes in the
Weather, changes which under extreme conditions might initi-
ate another jce age,

.Let Us examine these possibilities in somewhat more detail :
Dirt Particles on snow greatly enhance solar heat absorption by

€ SNOW cover. Farmers in northern and eastern Europe take
Advantage of this fact by spreading coal dust on snow-covered
fields o ensure early melt out, thereby prolonging the growing
>€ason. Irregular patterns of melting snow may also be observed
1N Western Colorado, caused by dust blown in, presumably from
Utap,

Thus, should a substantial amount of fallout settle in the
Mountajng during the winter, and if the ground beneath the
SOW cover is frozen, then the usual spring flood conditiorfs
Would be seriously aggravated. Although at first glance this
possibility seems somewhat academic, the fact that many com-
"Munities are Jocated in the valleys of rivers that flood regularly
Means thar great havoc could be wrought by extensive fallgut
dep Osition upstream. The material spread over the countryside

¥ 2 single twenty-megaton surface burst on soft soil could
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theoretically cover an area of more than 3,600 square miles to a
depth of one millimetre.* One could readily envisage that if
sixty-six megatons were detonated on a broad belt from Pitts-
burgh to Cleveland, as was assumed by the 1959 Holifield Hear-
ings, but late in the winter, that sizeable areas of the snow-
covered Appalachian Mountain Range leeward to the east might
well become the source of devastating flood problems the fol-
lowing spring.

In addition to particles on the ground, the presence of small
particles in the atmosphere could affect the weather in at least
two ways. Particles in the lower atmosphere can act as nuclei
fOF the condensation of water vapour, producing an increase in
rain and snow; while particles in the stratosphere can act as a
sky s.hield against the sun, producing colder weather on earth.
The Immediate effect of particles in the atmosphere was drama-
thal‘ly described by Colonel Lunger in his testimony before the
Holifield Committee. On the evening following the 1952
MIKE. shot, Colonel Lunger observed ‘an amber glow along
the entire horizon, It was the most artificial thing I have ever
Seen and sensed in my life. We had displaced many millions of
tons of coral debris that had been lifted up to forty and fifty
thousand feet by the blast.’

The phenomenon described by Colonel Lunger is reminis-
cent of what has been observed after volcanic eruptions. Among
the most famous of these is the eruption of Krakatoa in 1883.
The dust thrown up by this eruption caused brilliant sunsets
all over the world for the next few years. More important, the
dust acted as a shielq against the sun’s rays, reflecting a rela-

-
A twenty-megaton surface burst on soil would produce a crater 800

ff(!ﬂ deep and 3,400 feet across, displacing a volume of 3.6 X 10° cubic feet.
I onchassumes that only 10 per cent of the displaced material is deposited
over the countryside as small fallout particles (the rest comprising the
crater lip, throw out, stem material, and material injected into the atmo-
sphere), then 3-6X10* cubic feet would be involved, Theoretically, one
cubic foot of fine particles could uniformly cover an area of about 300
square feet to a depth of one millimetre. Therefore, the material spread
over t]:lc countryside by a twenty-megaton surface burst could theoretically
cover in excess of 10!1 square feet 1o a depth of one millimetre, i.e. about
3,600 square miles. Although fallout is not deposited uniformly, a cover less
than one millimetre is probably still sufficient to exert a pronounced effect.
In addition, the assumption that only 10 per cent of the crater material is
deposited as local fallout is probably too low.



Climate and Erosion 147

tively small but significant amount of energy back out into
space. In France, measurements of the radiation intensities of
sunlight were taken which showed a decrease of almost 10 per
cent for the next three years. The consequent reduction in
the amount of energy absorbed by the earth produced a cool-
ing effect which manifested itself as unusually cold weather in
many parts of the world.

The explosion of Krakatoa was the greatest since 1783, when
Mt Asama in Japan produced the most frightful eruption on
record. In the Krakatoa eruption, the quantity of earth blown
up into the atmosphere amounted to a cubic mile, according to
one estimate, most of which descended in the surrounding
Straits of Sunda. The fine particles took about three months to
reach western Europe. The world’s mean temperature declined
by about 1° Fahrenheit in 1884, the year following the Kraka-
toa eruption. However, probably some of the cold weather can
be attributed to causes other than volcanic dust.

A more dramatic example of volcanic activity influencing
weather occurred in the early part of the nineteenth century. A
series of volcanic eruptions, beginning around 1808 and culmin-
ating with the eruption of Mt Tomboro, on Soembawa Island
in Indonesia, on 7 to 12 April 1815, resulted in a memorable
cold spell the world over. The Tomboro eruption killed 56,000
people and blew up so much dust that for three days there was
darkness up to three hundred miles away. The following year,
1816, became famous in folklore as ‘eighteen hundred and froze-
to-death’, ‘poverty year’, and ‘the year without a summer’,

Volcanic dust is probably the most important single factor in
determining the fluctuations in world temperature. Other natural
factors also contribute significantly, but an envelope of volcanic
dust in the upper atmosphere probably exerts the most profound
cooling effect on the earth’s surface.* W. J. Humphreys, meteor-

*Itis nor.ccmu'n whether volcanic dust reflects the sun’s radiation di-
rectly, or whether some more indirect mechanisms might also be involved.
Dr H. Wexler, former Director of Research of the United States Weather
Bureau, has suggested that the volcanic dust particles may also serve as
nuclei for ice-crystal formation in the atmosphere, causing an increase in
the total high-level cloud cover. Other effects are also conceivable. In any
case, particles in the air reduce the surface temperature: for example, on

25 and 26 September 1950, the solar radiation received at Washington
D.C. was only 52 per cent of normal, even though it was a cloudless day.
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ological physicist of the United States Weather Bureau, has
stated that since the beginning of reliable meteorological records
at the end of the eighteenth century, the temperature of the
earth has been lowered by as much as perhaps 1° as a result of
volcanic explosions violent enough to put dust into the upper
atmosphere. Furthermore, if volcanic explosions during this
period had been three or four times more numerous than they
actually were, the average temperature probably would have
been about 2° to 31° lower than was observed, which is low
enough, if continued for a long period of time, to depress the
snow line 300 metres (almost 1,000 feet) and thus initiate a
moderate ice age. ’

) A reduction of only 10 per cent in the amount of solar radia-
tion striking the earth’s surface is sufficient to result in a world-
lede cooling of about 11° if maintained over a long period of
tme. The glaciation that would result from this great a tempera-
ture df‘_)P would equal or exceed the most extensive experienced
In any ice age. The eruption of Mt Katmai in 1912 resulted in
an over-all 10 per cent reduction of solar radiation. Data
obtained on this dust cover permitted Humphreys to calculate
fhat the amount of dust required to cause a 20 per cent reduction
in the amount of solar radiation is ‘astonishingly small’; only
about 1/1000 of a cubic mile would suffice to cover the earth.

The amount of material gouged out of the ground by a single
twenty-megaton bomb detonated on soil is approximately 1/40
of a cubic mile. This means one hundred such detonations (2
total of two thousand megatons) would gouge out somewhat
over t'WO cubic miles. If one assumes that 5 per cent of this
material were injected into the stratosphere as relatively small
particles (less than 20 microns in diameter), then two thousand
megatons would inject 1% cubic mile into the stratosphere. Of
this stratospheric material, perhaps only 1 per cent might consist
of very small particles (less than 2 microns in diameter), which
are of greatest importance in the cooling process; therefore two
thousand megatons could produce about 1/1000 of a cubic mile

This reduction in solar radiation was caused by a pall of smoke emanating
from extensive forest fires in western Canada which covered the eastern
United States, Canada, and Europe. It was estimated that during the two

days the loss of radiant energy lowered the maximum temperature in
Washington by 5° to 10° F.
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,of fine dust particles, sufficient to reduce the solar radiation by
20 per cent. The reduction in solar radiation caused by the
presence of fine atomic ash in the stratosphere would not im-
mediately bring about a change in world-wide temperature, since
the oceans act as a buffer. However, over large land masses the
effect would probably be more immediate.

The question arises: How long would this cold weather last?
This depends not only on the number of particles in the strato-
sphere, but also on their rate of descent. Physicist R. U. Ayres
of the Hudson Institute has calculated that two-thirds of the-2
micron particles would have descended by the end of a year and
a half. Therefore, a year and a half after a six-thousand-megaton
war (three thousand megatons on each side) there would still
be sufficient debris in the stratosphere to reduce the solar radia-
tion by 20 per cent. This implies that the cold spell would last
several years, but one can only speculate on the meaning of
this cold spell. If the temperature drop averaged out to about
7° over eastern North America, it would mean that the weather
in Washington D.C. would be more like the weather currently
observed in Ottawa, Canada.* This would have profound im-
plications for agriculture: the wheat belt, for example, would
be shifted about five hundred miles south. If, on the other hand,
the temperature drop averaged out to about 14°, it is likely that
there would be years like 1816, the ‘year without a summer’. A
drop of 14° means that in New York City, for example, tem-
peratures in the middle of July would be like those in the’
middle of May.

Presumably after a few years, as the atomic dust settled, the
weather would return to normal. However, there is the remote
possibility that the cold spell might last long enough to initiate
a vicious cycle. The presence of a white snow cover on the
surface of the earth greatly increases the reflection of solar
radiation back our into space. Whereas water and land surfaces
tend to reflect from 3 to 35 per cent of the solar radiation, a
snow cover tends to reflect between 50 and 85 per cent. The
snow cover does not appreciably inhibit the release of heat from
the surface of the earth out into space. Thus, one can readily

* In eastern North America, decreasing the temperature by 1° is equiva-
lent to moving seventy miles north.
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envisage the mechanism proposed by W. J. Humphreys, Wherz
by the land surfaces heat up barely at all throughout most op
the year, while water surfaces near the Arctic tend to freez¢ .
more and more each winter. If a sufficiently large part of

North Atlantic were to freeze over to deflect the Gulf Strea™
then Europe would freeze over completely. (England is a$ a
north as Labrador, but the west winds picking up heat fro ¢
the Gulf Stream keep the continent warm.) Although the ad"en,t
of an ice age following a thermonuclear war seems unlikelys !
is- not until the mechanisms of -ice-age formation are clea® y
understood that one can positively rule out this possibility-

If the detonation of a large number of surface bursts should
lead to an ice age, then the distortion of nature would last for
millennia. A number of other upsets would also follow: d:je
Weather pattern in many parts of the world would be alter¢®
the level of the oceans would subside as more and more Wf’ter
became trapped by the glaciers, mass population migfauons
would alter the current social and political make-up. Howev.ef’
even in the absence of so cataclysmic an event as the creatio®
Ot: an ice age, the cascading of natural upsets following a nucleal
fhsasref might lead to profound changes. The recovery of nattf®
is by no means a foregone conclusion. There is a very real PO~
sibility that if the United States were hit hard enough by 2
nuclear attack most of the country would be converted int0 3
barren desert,

The essence of the problem is this: If the plant cover 1
flestroyed because the radiation-damaged plants succumb t©
INSects, to unusually harsh weather, or to other forces, will the
cxpose.d carth erode irreversibly? Under certain circumstances
the original plant cover can be restored. Under other circum-
stances, a plant cover may be restored but may be different frqm
the one that originally characterized the area. A third possibility
is that there would be a downward spiral in which various fac-
tors would combine to aggravate an already bad situation,
- producing an environment too hostile to permit the natural
re-establishment of a plant cover. Certainly there is sufficient
historical experience to indicate that if erosion became a con-
tinental, rather than a local, problem the United States would

-
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be likely to suffer the same fate as North Africa, the Middle
East, and other parts of the world that eroded into desert.

As we have seen, local fallout is likely to trigger a chain of
events that would lead to insect plagues, which, of course, would
contribute to the destruction of the plant cover. However, insect
plagues would not arise if the climate became sufficiently cold.
Yet ground bursts, which produce local fallout, are also likely
to produce enough stratospheric dust to cause severe cooling.
Cold weather slows up the development of many insects in
summer and greatly increases insect mortality in winter. More-
over, many radiation-damaged plants, which would serve as a
stimulus to an expanding insect population by providing a
choice food supply, would probably be killed by the cold
weather. For these reasons the insect populations would be
drastically reduced by the cold weather and would either not
build up at all, or would do so only following the return of
normal temperatures. On the other hand, if an insect and its
host had a sufficient range, then a large insect population might
build up in the south, migrating north as climatic conditions
became favourable. )

In those parts of the country where cooling effects were
serious enough to prevent the build-up of insect populations,
radiation-damaged trees and other plants might be unable to
cope with the additional stress of unseasonable frosts and
shortened growing seasons. The ecologist R. B. Platt has
observed in his studies of the irradiated forest in northern
Georgia that even under normal conditions in spring radlan‘on-
damaged trees break dormancy anywhere from one to eight
weeks later than do non-irradiated controls, depending upon the
extent of injury. This would mean that many fallout-damaged
trees would break dormancy two months later, at a time when
the growing season may be perhaps two months shorter.

Radiation, cold weather, and insects offer the most widespx:ead
insult to the plant cover, but there would be other serious
stresses as well. Some of these, such as disease and fire follonlng
insect devastation, have already been discussed in the previous
chapter. In addition, there would follow erosion, floods, and
drought, while thousands of square miles would probably be
destroyed within hours after an attack as a result of the heat
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and blast released by the nuclear detonations. Blast damage
would probably not be very important because blast areas would
most likely be too limited to have a significant effect on nature,
and most plants have a tremendous capacity to regenerate (a
single cell originally derived from the stem of a tobacco plant
has been shown to regenerate an entire tobacco plant). This is
borne out by studies on atom-blasted islets at Eniwetok. Heat,
on the other hand, could ignite very large tracts of forest. These
fires would be worse than ordinary forest fires in that a large
forest fire takes days and even weeks to cover a large area,
whereas a twenty-megaton low air burst would ignite many
small fires in a 1,000-square-mile area simultaneously, resulting
in a total burn-out of the area. Even at its peak, the Tillamook
fire in.Oregon was moving along its fifteen-mile front at an
average rate of two miles an hour,* a rate of burning that per-
mitted birds and many mammals to get out of the way.
Furthermore, large tracts of forest remained untouched: in the
very centre, a 25,000-acre tract was spared.

How fast is a destroyed plant cover likely to regenerate? In
the first place, some initial reproduction of plant life is virtually
assured. Certain plants are highly radio-resistant and these
might initially displace more common, but also more sensitive,
plants. Second, the soil constitutes a reservoir of seeds which,
because they are underground and because of the inhomogeneity
of fallout deposition, would survive. They would need only
favourable ecological circumstances to germinate and produce
normal plants. These plants would most likely be those currently
considered weeds, but they would be admirably suited for
establishing a plant cover. This process has actually been ob-
served under natural conditions, and in the course of solving
problems associated with erosion. Third, many perennial grasses
and ferns, as well as other plants, have shoot meristems which
are at or below the ground surface. Additional shielding pro-

* The Tillamook forest fire burned a total of 486 square miles of virgin
Douglas fir. From 14 August 1933 until 24 August the fire burned about
63 squarc miles. On the 24th, the humidity dropped rapidly to 26 per cent
and hot gale-force winds from the cast sprang up. During the next twenty
hours the fire raged over an additional 420 square miles at a rate of about
twenty-one square miles per hour along a fifteen-mile front. The fire
stopped as the wind ceased and a thick, wet blanket of fog drifted in from
the ocean.
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vided by snow, other plants, or rocks, houses, bridges, and the
like would insure the initial survival of some of these meristems
capable of vegetative reproduction. Whether the plants coming
up from seeds or shielded meristems would prosper and re-
populate the earth, or whether they would succumb to assault
by insects, microbes, fires, erosion, or adverse climatic events
would be determined largely by how rapidly the ecosystem can
reconstitute itself.

Normally, if the vegetation is destroyed, nature restores the
balance. Terrestrial plant successions after fires, for example,
follow some well-established principles. In many parts of the
castern United States, burned-over areas are soon covered by
grasses and large annual herbs such as milkweeds, golden rods,
asters, and evening primroses. In wetter areas, sedges of various
species, water hemlock, blue-eyed grass, and rushes make their
appearance. With time, the saplings of shrubs and trees begin
to grow. Among them, sumac, aspen, poplar, blackberries, haw-
thorn, black locust, red and white cedars, and mulberry begin
to fill up the open fields. These, in turn, are replaced by taller
trees such as red maples and willows in moist areas, or aspens
and grey birch, or locusts, oaks, and hickories in dry areas.
Ultimately, the oaks and hickories tend to completely dominate
the biotic community of plants, the community having once
again achieved its stabilized ‘climax’ vegetation. Such a climax
community, the culmination of a succession of communities of
the type just described, may consist of other trees, such as
beech, hemlock, and maple, and it may evolve via different
intermediate stages. However, it should be understood that an
almost predictable sequence of plant communities arises to Ie-
store the former balance in any given location. The return of the
climax flora is accompanied by a similar sequence of events
tending to restore the climax fauna.

In order for natural repair to occur, other ecological elements
must remain essentially intact. A decrease either in rainfall or
soil fertility can drastically inhibit the kind of recovery discussed
above. A. H. Benton and W. E. Werner, in their book, Principles
of Field Biology and Ecology, provide an example of a biotic
community diverted from its climax forest as a result of a com-
bination of human activities and fire. Between Albany and
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Schenectady, in eastern New York State, there is an area ©

sandy soil that covers a strip some twenty miles long and five
or six miles wide. Much of this land was once covered wid‘1 a
climax forest of white pine. As a result of agricultural activity>
the trees were cut, and parts of the sandy soil were farme:-
Fires occurred frequently, burning what little humus had b‘-’.‘lt
up, and eventually the whole area became a sandy plain. White
pine, ‘which could not tolerate the fires, was replaced by pitch
pine, which could. Today the pitch pines grow scattered about
as in a savanna, while shrubs of bear oak, dwarf cherries, St38~
horn, and smooth sumacs comprise the main vegetation under”
neath,

The most extreme cases of denudation of a plant cover ar€ )
found around certain ore-smelting towns where the plants are
poisoned by toxic products. In one such area, near Copper Hills,
Tennessee, the release of sulphur dioxide fumes from the copper”,
smelting operations during the first part of this century denud
the local countryside of its vegetation. The high temperatur€®
and rainfall in the area favoured rapid erosion, so that thirty
years .after the introduction of modern refining methods, which
contain the noxious fumes, the area was still barren. Attempts
to reforest the area have not yet succeeded. Erosion and the
Chang*‘:s in micro-climate that accompany it have combined with
the original destructive forces to create a desert in which th¢
land has become too hostile for even artificial reconstruction
by conventional techniques.

. Thus, the comforting assumption that nature tends to restor¢

its former balance following the destruction of vegetation is not

elways borne out by experience. In many instances nature arrives

zstead at a new balance, a balance obviously quite hostile t©
an.

N9Where is this more clearly illustrated than in North Africa.
Fertile fields once covered most of Egypt, whereas now they aré
confined almost entirely to the Nile Valley. Beneath the Sahara
De§ert, covered by thick layers of sand, are traces of dense forest
which, less than two thousand years ago, made a rich colony of
what is now barren soil and arid land. At El Djem, hidden partly
beneath the sands, are the ruins of the great town of Thysdrus,
noted for jts stadium built to hold 60,000 spectators. Like other
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buried cides scattered across the North African desert, these
ruins are a mute reminder of the fact that this region was once
‘the granary of the Roman empire’. Since Roman times, well
over 12,000,006 acres of forest have disappeared in Morocco
alone, as a result of fire and overgrazing by sheep and goats.

The cause of the decline of North Africa is popularly
attributed to climatic changes, the theory being that the area
became hotter and drier and the people were forced to abandon
a thriving civilization. However, some geologists, after carefully
weighing the evidence, have challenged the conclusion that the
climate has changed in any important way since Roman times.
Although climatological factors may also have contributed, it
was man who destroyed the balance of nature responsible for
maintaining soil fertility and moisture.

Why is it that under certain circumstances, the plant cover is
unable to regenerate itself, thus setting the stage for serious
erosion? To answer this question, let us first take an extreme
example, the destruction of tropical rain forests. In general, the
equatorial soil is poor: forests can exist in these regions only
because they are part of a balanced cycle. All that the forest
produces is returned to the forest. The organic matter that falls
from the trees constitutes the humus that the forest requires.
When man cuts down all the trees to make room for crops, the
soil is laid bare and, deprived of shade, heats up. An increase in
soil temperature increases the rate of decomposition of organic
matter. Organic nitrogen is converted to soluble ammonia and
nitrates, which the rains quickly leach away. Roger Bouillene,
Director of the Botanical Institute and Garden at the Univer-
sity of Liége, has calculated that a rise in temperature from 77°
to 78-8° F. may increase the loss of nitrogen by fifteen to twenty
pounds per acre per year. With the fertility of the soil destroyed,
an irreversible change from forest to desert can be initiated.

Although the tropical rain forests are more susceptible to this
type of destruction than are the leafy forests of the temperate
zones, the change from forest to grassland to desert has occurred
in many parts of the world, largely as a result of man’s activities.
Vegetation, soil, and microclimate form an interrelated dynamic
complex which may be upset by any number of factors directly



156 " Ecological UPs€®

or indirectly attributable to nuclear war. The destruction of the
plant cover, for example, immediately, creates a much more
hostile environment, an environment which heats up much more
when the weather is hot, cools much more when it'is cold, an
which generally provides much less water. According to a stV ¥
conducted in the north of Germany, if one simply removed
hedges along the fields, the increased evaporation caused BY
wind would be great enough to require one-third more annt
rainfall to compensate for the loss of the hedges. The 1:»!'35‘:“‘:e
of the hedges probably increased the grain yields by 20 per
cent. .

In the United States and other parts of the world, extensiVe
use of shelter belts reduces evaporation and also conserves SO
moisture by trapping snow and reducing runoff. A canopy of
forest trees maintains a higher humidity, lowers high temperd”
tures, and, in general, dramatically reduces the soil water loss
by evaporation underneath. For example, a study conducté
some years after the Tillamook forest fire compared a tract ©
forest that had remained intact with the surrounding burn area
which was covered with weeds and shrubs. The study show¢
that the area covered with weeds and shrubs was 10° hotter o7
the hottest day, 2° colder on the coldest night, and after ten days
of d.rffught showed not only a significantly lower relative
humidity in the area but also a lowered soil moisture content:
Pt?rhaps most important was that the soil of the burn area o™~
tined about 20 per cent less organic material, and only about
two fifths as much available phosphorus as did the soil of the
intact forest,

Other studies have shown that under full shade, soil-surface
temperatures remain cooler than ajr temperatures, even during
the hottest part of the day, in contrast to unshaded soils, which
are always warmer than the ajr only a few millimetres above
gr(:)und. The difference between the surface temperature of
thinly shaded and exposed dry, grey soil, when measured in the
early afternoon of a clear day, exceeded 20°. A black, dry €X-
posed surface was 25° hotter, In winter, on the other hand, dry
soil is more prone to frost since the Jower its moisture content,
the poorer its heat conductivity. Clearly, a dry, exposed soil
surface provides a very rigorous microenvironment.
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Changing the microclimate in the grasslands can profoundly
influence the rate of reproduction of certain insects. Grass-
hopper plagues originate not where the vegetation is lush, but
in areas that form a mosaic of plants and bare soil. Similarly,
the European rabbit thrives in areas of depleted, eroded soil.
A build-up of these plant-eating animals can lead to overgrazing
and the destruction of the remaining plants. Overgrazed plants
are less able to cope with drought conditions. This was observed
in Nebraska during the dry years in the early 1930s. Native
grasses in long-overgrazed prairie, even though protected dur-
ing recovery, wilted much more than did plants in adjacent
prairie that had not been grazed. The leaves rolled or folded,
and many of the lower ones dried and lost their green colour.
Studies showed that overgrazed plants develop poor root systems
because whenever 50 per cent or more of the top of a grass plant
has been removed, root growth stops completely and will not
resume until there has been adequate shoot recovery six to
eighteen days later. It is for this reason that overgrazed plants
succumb readily to drought.

It is not surprising, therefore, to find that where grasslands
were excessively challenged by overgrazing, the grasses were
replaced by creosote bushes, mesquite, and cactus, forming a
desert community. In Holland, the critical factor in sand-dune
erosion proved to be grazing by rabbits. When the rabbits were
eliminated as a result of disease (myxomatosis), erosion ceased
to be a serious problem and the dune-fixing vegetation suddenly
spread dramatically over the dune surfaces. Similarly, in
Australia, land that had been previously classed as desert turned
into grassland following the elimination of the rabbits.

Fallout, like overgrazing, would either create the kind of
mosaic favourable to the build-up of grasshoppers, or it would
stress the grasses so that they would be unable to survive severe
unseasonable frosts, fire, or drought. This would be particularly
true for the marginal grasslands throughout the Mountain and
West Central States. Stripping.the prairies of their grasses would
subject them to wind erosion.*

* Soils with 80 per cent or more of fine sand are very vulnerable to ero-
sion. Sand soils move readily when wind speeds six inches above ground
exceed eleven miles per hour. This occurs when wind velocities at four Qnd
a half feet above ground exceed fourteen miles per hour. Winds exceeding
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One of America’s leading ecologists, Paul B. Sears, has pointed
out that ‘erosion, like many another curse of humanity, grows by
what it feeds on’. As the wind removes the fertile covering from
one field, it destroys the vegetative covering on the next by
inundating it with dust. The amount of dust that may be trans-
ported by winds is phenomenal. One need recall only the giant
dust storms emanating from the dust bowl of the 1930s to
appreciate this fact. Early in May 1934, hot, dry weather, fol-
lowed by a strong wind, created a giant dust cloud about 1,800
miles wide, which struck New York City on 11 May. The New
York Times reported that ‘yellow dust, driven before a westerly
wind, swept over the Eastern Seaboard region from Canada to
far south of Washington. This phenomenon, never before ex-
perienced in Eastern America, was caused by a wind-driven fog
of soil particles that came from drought-stricken areas.’ One
estimate indicated that the cloud contained 300,000,000 tons of
topsoil blown off the Central States and sprinkled over half the
nation. The fine particles trebled the density of New York’s
atmosphere, veiling the sun for about five hours and requiring
lights to be turned on in the middle of the day.

Serious as the dust-bow] problem was in the 1930s, it might
be dwarfed by nuclear-attack dust-bowl problems. Much larger
areas could be involved, resulting in an increased frequency and
severity of dust storms, and such dust storms might be particu-
larly noxious because the dust would probably contain substan-
tial amounts of long-lived radioactive fallout products, such as
radioactive strontium and cesjum,

The formation of a dust bowl is in itself by no means an
irreversible phenomenon. In some areas of the dust bowl the
dust, erosion, and extreme lack of moisture, plus the overgrazing
and grasshopper hordes, killed off so much plant life that on
ungrazed land it reduced the percentage of plant cover in a
five-year period from 90 per cent to about 25 per cent, and
on overgrazed land from 80 per cent to almost zero within four

years. Yet, between 1940 and 1942 both kinds of land made a
complete recovery.

these velocities are common in the Great Plains. Furthermore, the relatively

high organic-matter content of the Great Plains soil accentuates their
susceptibility to wind erosion.
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Vigorous efforts can restore the productivity of even dry, in-
fertile land. The state of Israel has conducted a vigorous land-
reclamation programme, including the draining of about seventy
square miles of marshland and the irrigation of about five hun-
dred square miles of arid land. As a result of these efforts, Israel
was able to double the land under productive cultivation. The
events in this part of the world illustrate the twin problem of
deserts and swamps that may be created once unfavourable
ecological balances bring about unchecked, accelerated erosion.
The Huleh Basin, at the head of the Jordan Valley, was a fertile
and thickly populated area in Roman times. This, and other
areas at the eastern end of the Mediterranean, began to decline
in productivity during the fading of the Byzantine Empire,
about 1,300 years ago. The Huleh Basin became a dismal swamp
- a focus of malaria infection — as a result of the deposition of
sediments from eroding uplands to the north which progres-
sively filled in the northern end of Lake Huleh. The successful
reclamation of the area is a triumph of modern technology.

It should be recognized, however, that the Israeli experience
may not be applicable after a nuclear attack. The Israelis had
not only considerable and skilled manpower, but also very sub-
stantial material help from other countries. If much of the
economy remained intact after a nuclear attack, the Israeli feat
could probably be duplicated in this country. However, if the
surviving population were too weak, or too small, and if no
outside aid materialized, the country would be unable to check
the erosive decay.

Thus far we have considered primarily wind erosion. Equally
important is water erosion on hilly or mountainous terrain.
Plants on slopes soften the impact of raindrops by intercepting
them on leaves or on litter under the plants, while organic
matter and roots improve conditions of infiltration and thereby
reduce runoff. Many of the factors we discussed earlier in rela-
tion to the retention of soil moisture by a plant cover also
relate to reducing soil erosion. Plant roots tend to hold soil in
place; in their absence rains leach out the minerals and wash the
soil off the surface, first downhill, then downstream. Soil not
washed off the surface may become compacted by the rain in-
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stead. This compaction reduces the ability of the soil to absorb
water, resulting in increased runoff which, if sufficiently rapid,
causes floods. Furthermore, as we have already seen in con-
nexion with the Huleh Basin, deposition is the complement of
erosion. The soil particles carried downstream are deposited
wherever the water speed diminishes sufficiently for the particles
to settle out. This results in the silting up of reservoirs and
irrigation systems. In the case of floods, the particles are de-
posited on the flood banks. At first this deposition actually
enriches the valley with the topsoil carried down from upstream.
However, if erosion is sufficiently severe, more and more of the
soil that is deposited will consist of less fertile subsoil, until
finally the flood plains may also become unproductive, having
become inundated with infertile subsoil carried down from the
destroyed land upstream,

The extent of erosion following a nuclear attack would depend
largely on how quickly a devastated area could regenerate a
plant cover. Survival of the ecosystem would depend on meteor-
ological factors such as wind, precipitation, and temperature,
and on geological factors such as the nature of the terrain and
of the soil. For example, a flat plain with much of its humus
left intact in a not-too-windy area of adequate rainfall would
probably reconstitute itself rapidly, returning to its former
climax community within one to a few years. On the other
hand, if most of the humus were destroyed, either a strong
wind or rains on the side of a slope would complete the de-
nuding of the earth’s fertile covering. The more unstable
ecosystems, such as the marginal grasslands, would therefore
be likely to succumb to the stresses placed on them by nuclear
war.

An example of erosion culminating in a man-made desert is
found in Syria. W. C. Lowdermilk, former Assistant Chief of
the Soil Conservation Service, describes the case of ‘the hundred
dead cities’. Between Aleppo, Hama, and Antioch there is an
area of about 1,500 square miles of rolling limestone country
which flourished until the seventh century. Then a series of
invasions, first by the Persian Army, then, more disastrously,
by nomads, wrought destruction and caused the methods for
conserving soil and water to fall into disuse. Today one may still
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find the ruins of over a hundred former towns, ‘stark skeletons
in beautifully cut stone, standing high on baré rock’.

There is a popular misconception that a desert is a place that
is very hot all the time. It is true that the barrenness of a desert
causes it to heat up more when the sun is shining on it, but a
desert can also be a very cold place.* The Syrian case is of in-
terest because Aleppo is no farther south than Norfolk, Virginia,
and the climate of Syria is comparable to the climate in much
of the central and south-eastern United States, although the
mean annual rainfall is greater, being more comparable to Iowa or
Illinois.

Meteorological conditions in the United States are really not
very different from conditions in those parts of the world that
have suffered calamitous erosion. As a matter of fact, some of
the worst climate in the world is found over most of the United
States. The climate of the West Central and Rocky Mountain
States is rugged, and in many areas — from the Badlands in the
Dakotas, to the Mojave Desert in southern California — the
climate is frequently clearly hostile. East of the Rocky Moun-
tains changes in temperature of up to 50° within a twelve-hour
period are not uncommon, as warm tropical air masses coming
from the south are displaced by cold polar air masses sweeping
in from Arctic Canada. Much of this variability stems from the
fact that, unlike Europe and North Africa, North America has
no east-west mountain ranges to deflect these air masses. E. R.
Biel, former Chairman of the Department of Meteorology at
Rutgers University, has pointed out that even in the north-east
‘the tropical heat conditions of our summers’ cause the water
requirements of plants to be very high. Biel points out, however,
that we are fortunate that the tropical air masses from the south
generally consist of marine air carrying enormous masses of
precipitable water. This means that much of the United States
is spared those dessicating and dust-laden air masses which are
such a liability on other continents.

However, a nuclear attack could cancel out this fortuitous
situation, as large arcas of the United States became stripped

* For example, the Great Basin Desert that extends north from southern
Nevada and southern Utah may be subjected to killing frosts any mOﬂl_h of
the year; and in autumn, winter, and spring frosts occur almost every night,
often accompanied by bitter cold.

N.D.—-9Q
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of their plant cover. There is evidence to indicate that clouds
that form over deserts are less likely to shed their moisturé 1d
are clouds formed over grasslands.* Thus, a vicious cycle €©

be initiated: land stripped of its plant cover as a res to
nuclear attack would not only lose its fertility, but might also
deprived of adequate moisture and therefore have Jittle chanc®
to recover.

Mesopotamia stands out as the classical model of i.rl'evefsible
destruction visited upon a society by ecological devastation o
lowing a fatal war. For over 6,000 years the valleys of the Tl_g"’s
and the Euphrates were a spawning ground of human civiliza”
tion and progress. This was true in spite of the fact that Meso”
potamia was repeatedly invaded and conquered. Babylonlaf’s’
Assyrians, Persians, Macedonians, Parthians, Romans, 27
others conquered part or all of the region. Then, in the middle
of the thirteenth century, came the Mongol invasion und.er
Hulagu Khan, grandson of Genghis Khan, which, unlike earlief
conquests, succeeded in destroying the country. The week after
the surrender of Baghdad, 800,000 people were put to the sword-
The earthen works on which the irrigation system depend
were destroyed, and the canal system on which the Jand de-
pended fell into ruin. As usual, war was followed by famine and
epidemic discases, which, coupled with the initial slaughter; 1€ft
the survivors too weak to repair the complex irrigation syster-
The area that had been so productive rapidly turned into desert,
and there followed a continuing struggle between the city and
the nomads who roamed the impoverished countryside. Al-
though millions of Mesopotamians survived, the ‘cradle of
civilization’ was no longer significant to the mainstream of
human advancement. Mesopotamia’s fate is in some Ways most
similar to what may be expected as a result of nuclear attack.
Because of the staggering loss of both lives and resources
ecological destruction could not be checked, and a technologic-
ally advanced society was permanently destroyed.

* Alth‘ough this evidence is far from conclusive, it is supported by other
observations, also not conclusive as yet, which indicate that the presence of
forests actually increase annual rainfall,



Chapter 13

‘Unto the Third and to the
Fourth Generation’

The physical and psychological scars of a nuclear trauma are
likely to be discernible for more than a century. Alterations in
the genetic structure of individuals as a result of irradiation,
and alterations in the cultural structure of a society as a result
of a nuclear cataclysm, are likely to perpetuate themselves for
many generations. ’

In a sense, these are analogous phenomena. Genetic informa-
tion, in the case of man, directs the sequence of events in which
a single cell, the fertilized egg, grows and multiplies to form
the 25,000,000,000,000 cells that make up an adult human being.
Culture entails a paragenetic means of transmitting information
from one generation to the next. The cultural information passed
on from generation to generation determines the interactions be-
tween individual human beings and the societies they form.

The farmer, the merchant, the manufacturer, may be com=
pared to chromosomes: each contains a special body of infor-
mation, which is transmitted to future individuals. Each unit of
information - each fact, idea, value, memory — that is passed
on to the next generation can be considered analogous to a gene.
It follows that when the organization of a society is disrupted
by a trauma, members of the society may pass on the effects of
this shock to succeeding generations, so that individuals Who
were never themselves exposed to the catastrophe might inherit
a legacy of psychological damage. When the genetic machinery
of human cells is disrupted — for example, by ionizing radiation
~ a legacy of mutations is transmitted to succeeding generations.
Thus, while the long-term social and cultural effects of a nuclear
attack might be discussed in a chapter on social consequences,
the striking analogy between the post-disaster genetic processes
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and the anticipated effects on societal organization justifies deal-
ing with both subjects here.

A human cell is like an industrial complex in the centre of
which is a factory (the cell’s nucleus) which is responsible for
running the industrial complex. Within the factory is a library
in which is stored both the information for running the in-
dustrial complex and the information necessary to build another
factory. The library’s bookcases are like the chromosomes in
the cell’s nucleus — human nuclei normally contain forty-six
chromosomes — and just as each book in the bookcase is made
up of information in the form of printed letters, recent research
has shown that genetic information is transmitted by means of
a four-letter alphabet,

Each genetic ‘letter’ is actually a chemical substance called
a nucleotide, and each genetic ‘word’ (at least those dealing with
instructions for building specific proteins) consists of three
letters, with each word designating a specific amino acid. A
‘sentence’ consisting of a string of nucleotides forming a polymer
of nucleic acid designates a specific sequence of amino acids.
This sequence of amino acids comprises a protein, one of the
fundamental building blocks of all living matter. The sentences
of the genetic language are much longer than ours and there is
no space between each of the three-letter words. This means
that if a single letter drops out in the middle of a sentence, the
meaning of the remaining part of the sentence is altered.* Any
such deletion, or any other change, constitutes a mutation. If a
mutation involves substituting a single letter, then a single
amino acid may be changed in a protein. This altered protein
may be only slightly different from the original, or it might be
very different. If, instead of a substitution, a deletion is involved,
then the rest of the sentence may produce a nonsense protein.
In any case, it becomes apparent that there is only a small pos-
sibility that the altered information might produce something
more useful than the original, and that the chances are very
much greater that the vast majority of mutations are destructive.

* For example, if the end of a sentence consisted of four sets of the
genetic word TAC, ie, TAC-TAC-TAC-TAGC, and if the first T
were to drop out, the end of the sentence would then read ACT-ACT-
ACT-AQG, the last being an incomplete two-letter word.
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Mutations may arise spontaneously in nature, or they may be
induced artificially. A number of grossly harmful mutations in
man have been studied, and many of these seem to appear with
a spontaneous frequency of about one new mutation per hun-
dred thousand gametes (sperms or eggs). If one considers the
sum of these grossly harmful mutations, then the spontaneous-
mutation rate involves one gamete in a hundred. The geneticist
H. J. Muller has estimated that the rate of all types of mutations
in man involves about one gamete in ten; that is, every tenth
sperm or egg carries a newly acquired mutation. It is probable
that many, if not most, of these so-called spontaneous mutations
in nature are caused by background radiation from natural
occurring radioactive substances and cosmic rays, and it is now
agreed that any increase in radiation exposure will increase the
load of mutations that the human species carries.

The difficulty arises in assessing potential radiation damage
in quantitative terms. One of the problems is deciding when a
gene is truly harmful. Some mutations, such as those responsible
for the death of young infants, are clearly deleterious, but since
these individuals are rapidly eliminated, in the long run such
mutant genes may do less harm to a whole population than less
drastic, but still deleterious, genes, such as those responsible
for lowered intelligence. Or, a mutant gene may be responsible
for the loss of some synthetic capacity, yet still be advanta-
geous: the loss of the ability to make pigment in the furs of
rabbits — which produces a white coat — although disadvan-
tageous to a rabbit inhabiting a brown-leafed forest floor, is
advantageous to one inhabiting the snowy Arctic. Thus, a gene
that is deleterious in one environment becomes useful in an-
other.

With human beings the matter is even more complex, because
man’s environment is not only natural, but social as well. For
example, a defect like myopia would be detrimental to a hunter
but, if anything, helpful to a watchmaker. Therefore, instead of
selecting for one perfect superman type, ‘diversifying selection’
acting on a human population favours many types.* A popula-

* The sclection for various genetic types or ‘genotypes’ is technically
referred to as selection for ‘genetic polymorphism’. The full social implica-
tions of this genetic concept, particularly in respect to racist theories, have
not yet been generally recognized.
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tion that abounds in genetic variety has a better chance t0 sur:
vive and prosper in a complex environment than does a geﬂene
cally uniform population; variety is one way of exploiting th
environment more fully.

By and large, however, beneficial mutations appear to be the
rare exception, and so the problem in estimating genetic damag®
from radiation is how to calculate the extent of damage incurr€®
Calculations (see Appendix, p. 199) based on some of the m?re
recent experiments on mice indicate that the acute radiatio?
dose required to double the spontaneous mutation rate 15-0
the order of 30 roentgens. A chronic dose, that is, if the radiatio?
is given slowly over a long period of time, is only about a fo
as effective as an acute dose. Thus, for chronic irradiation the
doubling dose is in the neighbourhood of 120 roentgens.

At this point let us consider two hypothetical human popula-
tions, each consisting of a million individuals exposed to nuclear
radiation from external sources, such as fallout on the ground'
Assume that population A received 300 roentgens during the
first week and an additional 100 roentgens during the first year
and population B received a relatively low dose of 60 roent-
gens.* On the basis of certain assumptions and calculations
(see Appendix, pp. 199-202), one may predict that 2 to 3 per cent
of population A’s first-generation offspring would succumb t0
lethal genetic events, including miscarriages, stillbirths, neo-
natal and childhood deaths. This rate would diminish to 1 per
cent for the next twenty generations or so, while population B
would show less than 0.1 per cent in the first generation and
perhaps 0-5 per cent over the next twenty years. Therefore, even
in population A, which we assumed to have been exposed
to a very substantial dose, the radiation-induced lethal muta-
ti.ons would cause only a slight reduction in reproductive capa-
city.

If one compares this genetic damage to the reproductive
capacity (not to be confused with the somatic damage to the
reproductive capacity, which would be very serious indeed) to
the normal state of reproductive problems, it becomes apparent

* Population A was postulated by Hardin Jones; the 60-roentgen dose
received by population B was the Office of Civil and Defense Mobilization’s
estimate for the average of non-injured survivors in the United States fol-
lowing the 1959 Holifield Hearings attack pattern.
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that by itself the genetic damage would not lead to any serious
impairment of man’s ability to reproduce. At the present time,
it is estimated that 15 per cent of human pregnancies in North
America and Europe terminate in miscarriages or spontaneous
abortions, 3 per cent in stillbirths, 2 per cent in neonatal deaths.
In addition, deaths among infants after the first month of post-
natal life amount to 3 per cent.

In the light of the above calculations, the demise of the human
population as a result of lethal mutations appears unlikely.
Further support for this conclusion is given by geneticists B.
Wallace and T. Dobzhansky, who calculate that the reproduc-
tive capacity of the descendants of a human population exposed
to 400 to 500 roentgens would diminish, but only slightly. How-
ever, this ‘optimistic’ conclusion is valid only if the assumptions
made are valid. Wallace and Dobzhansky have pointed out that
practically nothing is known about the frequencies with which
certain lethal mutations arise in man, either spontaneously or as
a result of known radiation exposures. One might also question
the assumption that the doubling dose is 30 roentgens. The 1962
Report of the United Nations Scientific Committee on the
Effects of Atomic Radiation states that a 30-roentgen figure is
probably valid for men, but that the 15-roentgen figure may
prove to be more realistic for the human species in view of the
much greater sensitivity of the egg-producing cells of women.
The Russian geneticist N. P. Dubinin believes that estimates
of the genetic damage in man, based on studies on mice, are
unreliable. Dubinin and his co-workers, on the basis of chromo-
somal aberrations produced in the rhesus monkey and in tissue
cultures of human cells, infer that the doubling dose for genetic
changes in man is in the neighbourhood of 10 roentgens. Other
geneticists have suggested that the doubling dose may be around
3 roentgens. If this last estimate proves correct, then the effects
discussed above would increase by a factor of 10, which might
be very serious for a population that has already suffered sub-
Stantial somatic incapacitation, including a pronounced reduc-
tion in fertility, life shortening, and an increased incidence of
degenerative diseases.

Another uncertainty is that the rate of pregnancies that cur-
rently terminate as miscarriages and perinatal and early child-
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hood deaths may increase from 23 per cent to a figure close t‘;
double that if the surviving population is no longer capable ©
giving the social and medical care currently provide
modern society. Under such circumstances a tenfold incred
in dominant lethals might result in a reduction of reprodl‘}cnveA
capacity to the point where the only hope of maintaining 2
population at all would be to outbreed it with a less dama&
population.

Other assumptions are also questionable : Is the spontaneous'
mutation rate in man one new mutation per ten new gameteS?
What is the load of lethal mutations currently accumulated?

How many more lethals may one add to this burden before
jeopardizing biological (in contrast to social) reproductive ¢aP2"
city? At what rate are lethals eliminated in man? Perhaps the
assumptions based on fruit-fly studies are not apPliC?b %
perhaps lethals are eliminated in a very few generation$
thereby increasing the genetic death rate severalfold. Are one-
sixth of the mutant genes lethal, or is a higher fraction
involved?

The possibility of genetic damage lies not only in lethals but
also in non-lethal, but still deleterious, mutations. H. J. Muller
has estimated that there are five such harmful mutations fc{r
every lethal one. Thus, population A would contain appro¥!”
mately 1,800,000 induced non-lethal mutant genes; pOPulatlon
B, approximately 84,000. These detrimental genes would prob-
ably be maintained for more than fifty generations. Perhaps 2
per cent of them would show up as obviously defective persons
in any one generation — about 30,000 to 40,000 in population A,
1,500 to 2,000 in population B. Although persons with such
defects would obviously be handicapped, they would not neces-
sarily be prevented from reproducing. The remaining 98 p.cr
cent of the mutant genes would tend to manifest themselves 10
terms of impaired vigour, fertility, and intelligence. Each
descendant of population A would carry on the average on¢
to two such induced mutations, while in population B about
one descendant in twelve would carry such a mutation.

In addition to damage from whole body radiation from ex-
ternal sources, there is also a threat from fallout contamination

of food and water. Radioactive cesium and strontium would

ase
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increase the radiation dose to the gonads for several genera-
tions. Radicactive carbon, with a half life of about 5,800 years,
would induce mutations for as long as civilization is old. How-
ever, it is unlikely that gonadal irradiation from these sources
would exceed the figure of 60 roentgens per generation chosen
for population B. Therefore, it seems unlikely that the spon-
taneous-mutation rate would permanently increase above 1.5
times the current rate. All of the uncertainties discussed earlier
also apply to these calculations. As a matter of fact, a recent
finding by Swedish scientists indicates that strontium probably
replaces calcium in the chromosomes, and that radioactive
strontium is highly efficient in producing mutations. Thus, as
more information concerning the deleterious effects of fallout
radiation accumulates, it may become necessary to revise the
above estimates.

The experience of the exposed Japanese populations tends
to support the above conclusions. Genetic damage was real but
not seriously incapacitating. It expressed itself as a changed sex
ratio, one of the most sensitive indicators of genetic damage.
Recessive sex-linked lethal mutations caused male progeny to
be preferentially eliminated, resulting in more girls than boys
born into a damaged population. However, other signs of
genetic damage were not observed in Japan. This is not sur-
prising under the circumstances: congenital malformations,
for example, would essentially be masked in the first pOSt-bo{nb
generation. But, as indicated above, damage to the genetic fn-
formation of an irradiated human population scarcely bengS
to show up during the first generation. Rather, the damage 1n-
flicted on future generations would still express itself when, as
Wallace and Dobzhansky point out, our present controversies
will be mere historic curiosities.

If the genetic damage is likely to perpetuate itself for many
generations, so is the cultural damage, And if the extent of the
genetic damage is a matter of uncertainty, the extent of the
cultural damage is even more so. Nevertheless, it seems likely
that the self-perpetuating cultural damage caused by a nuCle‘«}I
war would be much more incapacitating than the geneuc
damage. For it would be the psychological legacy which the
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survivors would pass on to their children and to their children’s
children which would inhibit the recovery of society.

In his 1957 presidential address to the American Historical
Society, William L. Langer clearly showed that great disasters
can indeed have long-term psychological repercussions. Focus-
ing particularly on the Black Death of the fourteenth century,
he discussed the diverse and long-lasting effects of the wide-
scale and sudden population loss, a loss not unsimilar to what
may be expected as a result of a nuclear attack. The devastating
plague that struck Europe in 1348-9 quickly wiped out a third
or even a half of the population in many areas, and it itself was
only the beginning of an extended period of pandemic disease
which ravaged Europe on and off for about three hundred
years.

The social, religious, and economic activities of this period
clearly reflect the great impact of the Black Death. The remark-
able economic progress of the thirteenth century came to a halt
as merchants, clergymen, professors, and anyone else who could
fled in terror from the cities. In some places the social chaos
and pervading sense of doom made many peoplé turn to im-
morality and crime, while others, unable to fathom the misery
that had so suddenly overcome them, felt it to be an expression
of God’s wrath and so attempted to appease Him. Penitential
exercises — in some cases, flagellant processions — theé burning
of witches and searching for scapegoats were common. Obsessed
with a sense of sin and guilt, and fearing immediate death and
damnation, the people turned to magic, astrology, witchcraft,
and Satanism. The art of the period reflects their anxiety,
depression, and morbid preoccupation with death — the Dance
of Death theme appeared frequently, as did numerous meticu-
lously detailed paintings of Christ’s passions, the terrors of the
Last Judgement, and the tortures of hell. .

Langer cites the German historian Wilhelm Abel, who ‘holds
that pestilence, famine, and war were not enough to account for
the enormous decline in population, and that psychological
forces, as yet unanalysed, led to a reluctance to marry and raise
a family.” Langer himself suggests that a mass emotional dis-
turbance is created when an entire community is struck by a

disaster and is subjected to feelings of guilt, demoralization, and
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helplessness and that ‘children, having experienced the terror
of their parents and the panic of the community, will react to
succeeding crises in a similar but even more intense manner.
In other words, the anxiety and fear are transmitted from one
generation to another, constantly aggravated.’ This perpetua-
tion of mass fear and hysteria from generation to generation
remains somewhat a matter of speculation, but, for whatever
reason, the population of England prior to the 1348 plague was
approximately 3,700,000 and by 1400 had still not exceeded
2,100,000, and the figures for continental Europe have been
estimated to be similar.

E. C. Banfield’s study of a poor and backward town in
southern Italy, mentioned earlier in Chapter 8, is another
case in point. Although no traumatic event precipitated this
town’s depression, the extreme cultural and economic poverty,
combined with a high disease and death rate, have made the
villagers suspicious and anxious, and have caused them to pass
these attitudes from generation to generation.. This sustained
demoralization makes cooperation nearly impossible and the
townspeople are thus unable to act together for the common
good of the community.

Banfield obtained some measure of the villagers® attitudes by
administering a number of psychological tests to them. When
shown pictures of people in various situations — such as a boy
contemplating a violin — and asked to invent stories about them,
the vast majority of those tested talked of calamities and mis-
fortunes, of personal neglect and mistreatment, indicating a state
of apprehension and fear. Northern Italians shown the violin
picture thought the boy was an ambitious lad who wanted to
become a violinist, clearly a realistic and ‘normal’ response. In
contrast, some of the southern Italians thought the boy was an
orphan, others described him as a beggar or a neglected bastard,
and one thought he was dying of hunger. In this town, as in
much of southern Italy, it appears that ignorance breeds ignor-
ance, distrust breeds distrust, and stagnation perpetuates its
misery.

A dramatic example of lingering effects generated by a
country-wide disaster is the Great Famine that struck Ireland
during the late 1840s. A full century later, the country’s popu-
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lation growth, social patterns, and national characteristics still
cledrly reflect this one traumatic experience.

Prior to the famine, the population of Ireland increased at a
rate comparable to, or faster than, the more vigorous European
countries. During the eighteenth century and first half of the
nineteenth century Ireland’s population growth was at least
about equal to, or may well have exceeded, that of Great Britain,
which was enjoying a period of unprecedented industrial expan-
sion.* In 1841 the population of Ireland was just over 8,000,000,
with an additional 400,000 Irish in Great Britain and other
settlements of very substantial size in Canada, Australia, and,
of course, the United States. Emigration to the United States
between 1840 and 1845 averaged 37,000 persons per year. The
marriage rate was high, and Irish men and women married at
a comparatively early age, producing thirty babies per year per
thousand of the population. '

In the early 1840s a blight began attacking the potato crops,
first in North America, then in Europe, and then, in the autumn
of 1845, it struck Ireland more severely than anywhere else.
Two scientists were dispatched from England, and a com-
mission was set up by the lord lieutenant to suggest means of
preserving sound potatoes and possibly utilizing diseased ones.
But field after field of potatoes provided fertile ground for the
spread of the blight. Just as the scientists failed to understand
the nature of the disease, so the government officials did not
comprehend its implications for the Irish economy and society.
Few anticipated the unfathomable misery that was to descend
on Ireland for the next years, although the fact that,about one-
half of the population was dependent on the potato and that
even a partial failure of the crop could cause whole families to
starve should have been ample warning.

The crop failed completely in 1846, and by the spring and
summer of 1847 the famine had caused more than 3,000,000

people to seek public aid. In 1848, the crop again failed com-
pletely, and other lean years followed.

* The Irish increased from an estimated 1,500,000 around 1700 to an
estimated 4,000,000 by 1800. By 1821, one estimate placed the population
at 6,800,000, a figure which had increased by another million by 1831.
According to more recent estimates, the population was about 5,000,000 in
1780 and increased to 8,000,000 by 1841.
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Accompanying the famine were not only the obvious diseases
of malnutrition such as scurvy and ‘famine dropsy’, but also
dysentery, relapsing fever, and typhus. The eye-witmess
accounts tell of emaciated families huddled together in cottages,
dying one by one without food, fuel, or even bedding; of
deserted hamlets; of corpses bunched along the roadside; of
how Cork, Dublin, and other cities, themselves already over-
burdened, placed guards at their entrances to prevent the fur-
ther influx of country paupers.

According to the census of 1851, about 360,000 persons died
of epidemic diseases or starvation during the famine years.
However, the system of data collection was wholly inadequate
so that the number of deaths attributable to the famine
probably exceeded 500,000 and may well have reached 1,000,000.
These losses, coupled with the heavy emigration, resulted in a
20 per cent decline in population between 1841 and 1851, the
rural population showing a 25-per-cent decline. The emigration
rate jumped to an average of 200,000 persons per year, so that
during the decade 1845-55, the Emerald Isle lost over 2,000,000
people to the New World and Australia.

The population of what is now the Irish Republic continued
to decline steadily, from around 5,000,000 in the 1850s, to
4,000,000 in the 1870s, to 3,000,000 by 1926; the 1961 census
showed the Irish Republic to consist of 2,814,703 persons. This
is in marked contrast to other European countries whose popu-
lations expanded substantially during this period. Denmark, for
example, increased from about 1,500,000 in the 1850s to over
4,500,000 in 1960.

A great part of Ireland’s population decline is due to the
heavy emigrations which have become almost an Irish way of
life. Although the flood of people leaving Ireland following the
famine had subsided by the mid-1850s, emigration continued at
a rapid rate. In 1865, for example, it involved 100,000 people,
and in the twentieth century, about 20,000 people still leave
Ireland each year. In fact, a full century after the disaster,
Ireland still continued to have the highest emigration rate of
any country in the world.

Emigration is only part of the story, however. In addition to
maintaining the highest emigration rate in the world for a cen-
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tury, the Irish also maintained the lowest marriage rate, and
a hundred years after the famine they still marry later than
people of any other nation. It is only because of the traditionally
large size of the families that the birth rate has been maintained
at levels comparable to those of the United States, although it
is still substantially below the pre-famine one.

It might be argued that the perpetuation of the altered social
pattern following the famine reflected other pressures on Irish
society, such as overpopulation or domination by the English,
and that the famine mercly acted as a catalyst in bringing about
changes that would have occurred and perpetuated themselves
anyway. And there is, of course, no way of proving absolutely
the contention that one is dealing with sociopsychological
forces which were generated by the immense, nationwide disas-
ter. However, a great deal of evidence does indicate that psycho-
logical, rather than economic or political, forces are impeding
the full recovery of Ireland.

It is generally agreed that, considering the productivity of
Ireland in the 1840s, the country was overpopulated. But by
the middle of the twentieth century the population density of
Ireland is among the lowest to be found in Europe, less than
half that of Denmark, Czechoslovakia, Poland, or France, less
than a quarter that of Italy, and less than a fifth that of West
Germany or the United Kingdom.

It is true that there were outrages committed during the
domination of Ireland by the English, but it is doubtful that
the Irish fared any worse under the British than did any num-
ber of nations in Eastern Europe and the Balkans under the
Austrians or Russians. In any case, political freedom has been
a fact for over a quarter of a century without appreciably affect-
ing the social pattern of Eire.

On the other hand, studies of Irish oral tradition show how
the imprint of the famine has remained in the social culture of
the people. Stories of the suffering as the famine struck, of the
sight and smell of decay, of the fever, of whole families dying
within their cottages, the bodies left to be eaten by rats or
hungry dogs because people were too weak or too fearful of
catching the fever themselves; stories of hamlets that perished
so that only the names of their former sites are remembered -
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all of these memories have persisted in the folk tales down to
this day. N

It is clear that the Irish peasantry suffered terribly and that
society was shaken to its very roots. Communites in which
there had existed a long tradition of communal activities found
that doors had become locked. A hospitable people had grown
fearful; folk poetry, music, and dancing stopped. ‘They lost
and forgot them all and when the times improved in other
respects, these things never returned as they had been. The
famine killed everything.’ And fear lasted. It could be felt in
the hushed voices and grim tones of those who could still recall
it from the past.

In writing of the emigration during the famine, Oliver Mac-
Donagh, Fellow of St Catherine’s College at Cambridge, states
that in 1848, which was the year in which the potato crop failed
completely for the second time, the failure was accompanied
by a collapse in morale. ‘The mood prevailing from 1848 on-
wards seems to differ from the earlier terror and excitement.
Wherever it is caught, it is marked by a note of doom, an air
of finality. . . . This mood explains many of the peculiarities
of the famine movement, not least the bitterness and sense of
wrong which so many emigrants carried with them to the new
world.

Just as Europeans felt the Black Death was an expression of
God’s anger, many Irishmen believed the famine to be God’s
punishment for the pre-famine waste of potatoes. This feeling
of guilt, combined with the actuality of scarcity, resulted in an
attitude of fearful caution and extreme frugality. This attitude
was taught to each succeeding generation so that a century later
it was well remembered.*

This sense of frugality continues to permeate Irish life to the
extent that it appears to affect the marriage pattern: classified
matrimonial advertisements stress the economic assets required
of prospective interested parties. Men and women, but particu-

* This author’s father relates that when he was a boy in Germany he was
taught that ‘nice’ people always left a little food on their plates. To ‘d°
otherwise would have been considered ill-mannered and greedy. Following
the food shortages accompanying World War I, the attitude changed : ‘nice’
litle boys were now taught to finish up everything on their plates; other-
wise they were charged with being impolite and wasteful.
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larly men, are reluctant to assume the responsibility of marriage
and child rearing. Thus, the majority of Irish emigrants are
female, and Eire has the lowest women-to-men ratio of any
country in the world.

Undoubtedly the stagnation of Irish society is temporary.
Even a cursory examination of the population curves shows that
after one hundred years the decline finally has levelled off and
that lately there has even been an occasional slight net increase.
The famine struck Irish society a gricvous blow, but not a
fatal one. However, this trauma did reverberate in the minds
of Irishmen for at least a century. Still today, Irish commen-
tators call attention to ‘the racial despair that filled our people
during the horror years of the Famine’, and author John D.
Sheridan, in quoting this observation, points out that ‘despair
of this kind is deeper and more lasting than any personal des-
pair. It is passed on from generation to generation till it be-
comes a national heritage. The despair of the Famine years ...
left a stain of pessimism on the national character. For we are
not, as is commonly supposed, a light-hearted people. We are a
little bit afraid of life’

It is now well understood that a nuclear war would produce
a legacy of genetic damage. The fact that survivors would also
transmit changes in social information to future generations has
received virtually no public attention. Yet such social changes
might last as long and have at least as profound an influence
on future generations as would the genetic consequences.

We have seen how the effects of great disasters Or severe
socioeconomic depression may be perpetuated in the culture of
a society. There are other examples besides those cited. William
L. Langer has suggested that malaria could have been one of
the principal factors in the fall of the Etruscan civilization and,
to some extent, in the change in character of the Greeks after
the fourth century; and the great epidemics of the second and

third centuries probably contributed to the tragic fate of the
Roman Empire.

But can these examples be applied to a modern industrial
nation and to a twentieth—century society’s reaction to a nuclear
attack? The answer lies implicitly in the fact that a nuclear
disaster would be far worse, in both intensity and duration of
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suffering, than any previously recorded event in human history.
We are so intimately involved with, and so inclined to take for
granted, our own society that it is difficult to believe that drastic
changes can occur. Some people can readily envision post-attack
political upheavals like those that racked Europe after World
War I ~ economic and social anarchy followed by the establish-
ment of totalitarian regimes — but to consider a downward
spiralling of social organization to a new low not familiar to
twentieth-century Western civilization seems to most people
almost absurd.

Yet let us summarize for a moment the events likely to be
associated with a nuclear assault. In the first place, the attack
would kill an unprecedented portion of the nation’s population,
plus destroying many of its cities, and would leave in its wake
an overwhelming number of burned, maimed, or radiation-
poisoned injured. In addition, all activity in many non-target
areas would be totally paralysed because of fallout. The initial
critical phase would be followed by severe shortages of the
necessities of life and a profound depression of all economic
activity, leading to inflation, loss of jobs, and the creation of
economic migrants or refugees. An inability to maintain ade-
quate standards of sanitation might lead to epidemics, which
would add to the serious somatic debilitation of a radiation-
exposed people. A population least able to cope with natural
disasters then may be forced to cope with a dislocation of nature
not experienced for the last ten millennia: floods, excessively
cold weather, insect plagues, dust bowls, erosion, the formation
of deserts.

If in their novels Aldous Huxley and Walter Miller have
painted extreme pictures of the aftermath of nuclear war they
are no more extreme than some of the so-called objective
analysts who believe that a return to pre-war society could be
achieved within about a decade. These specialists fail to project
significantly beyond the experience of the last war. They may
be right if nuclear war were restricted to a very limited ex-
change of detonations, but if the United States were to sustain
anything above a few thousand megatons aimed at ‘population
and resources’, and if other industrialized countries around the
world were subjected to similar assaults, thereby precluding the
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possibility of relief for America, then such optimistic predic-
tions are based more on fantasy than realism.

The fate of Mesopotamia is an example of a calamity that
destroyed both people and resources. Seven centuries after that
war, the population of the area was still less than one-third of
its pre-war figure. A demoralized country neither rebuilds nor
recovers rapidly. Instead, social institutions disappear, indivi-
dual skills are lost, knowledge recedes, and the pall of a dark
age descends gloomily on an increasingly ignorant and sus-
picious people unable to cope with a hostile environment. Such
an environment would be created by a nuclear disaster.



Epilogue

The many man-made and natural disasters reviewed in this
book are not intended as a morbid kaleidoscope of human suffer-
ing, but rather are presented in an attempt to evaluate the
consequences of a thermonuclear war. It is unlikely that all of
the problems discussed in this book would materialize follow-
ing such a disaster, but, on the other hand, it is quite likely
that there would be other problems, which have not even been
anticipated here. Nevertheless, the general assessment of con-
ditions following attack is probably not unrealistic.

Why have we made this assessment?

Because no problem can be solved until it is clearly under-
stood. . )

Nowhere is this truism more applicable than in considering
thermonuclear war. Estimates of the effects of nuclear weapons
range all the way from the probable destruction of all humanity
to the concept that nuclear war differs from conventional war-
fare only quantitatively and not qualitatively. Each of these
assessments has led to different approaches to the problem and
to different solutions: If, argues the first side, thermonuclear war
is to be prevented at all costs, then any war preparations, in-
cluding civil-defence precautions, would not only be foolish,
they would be clearly immoral. All efforts should be devoted
to achieving world peace. If, counters the other side, the threat
of thermonuclear war calls for an expansion of defence, and
particularly civil defence, then not making every effort to
protect the population would be highly irresponsible and clearly
immoral.

After a careful sifting of the information, this study con-
cludes that the consequences of a thermonuclear war are inter-
mediate between the two extreme assessments: Not all people
in a country subjected to nuclear assault would die — survival
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might even be substantial. However, the society of a victim
country would be struck such a grievous blow that recovery
would be impossible. Furthermore, the suffering inflicted on
the contesting populations would surpass anything experienced
in recorded history. .

For this reason it would be irresponsible and even immoral
to rely on World War II techniques for the protection of popu-
lations a.gainst the ravages of a nuclear war. Following World
War I, the French, by building the Maginot Line, helped delude
themselves into a false sense of security with an extension of
World War I concepts. This magnificent engineering feat not
only failed to save France from a determined enemy in World
War II, but ‘Maginot Line psychology’ probably contributed
substantially to the fall of that unhappy country.

It would be much more sensible for us to admit that current

. offensive military technology is so able to overwhelm any
defences that a new approach is required. This new approach
would seek to avoid attack in the first place by recognizing that
national security is assured only in a world in which any
and all potential enemies are disarmed. There are several
ways this objective might be achieved, but probably the
most effective would be to establish a world community in
which a stable though divergent society would create a stable
peace.

In order to achieve this utopian goal, which would include
the creation of new social institutions such as a world legal
system, it is first necessary to change certain fundamental social
attitudes. This is not nearly as difficult as it is often assumed.
Even a cursory examination of the changes in attitudes that
have occurred in this country during the twentieth century in
regard to the réle of women in society, race relations, sex mores,
government responsibility for the economic well-being of its
citizens, should convince the sceptics of the reality of change.
And these shifts in attitudes have not been limited to any one
country or any one culture.

Changes in social attitudes involve not only the acquisition of
positive new attitudes, such as the sense of belonging to a world
community, but also the elimination of certain negative ones,
such as the suspicion that anyone who advocates disarmament
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and peace is either a subversive or a lunatic idealist unable to
grasp the realities of today’s world.

This book should make it abundantly clear that the quickest
way to remove a country from the mainstream of history is to
subject it to thermonuclear attack. No nation is exempt. Non-
industrialized countries could not cope with the medical and
ecological problems created by fallout. Industrialized gounu-ies
could not survive the destruction of the cities. Society would
collapse in cither case. For this reason, a preoccupation with
peace is not only eminently reasonable and respectable, but in
our generation has become imperative.
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*  Appendix to Chapter 3

Broido and McMasters in their extensive report Effects of 1"4055
Fires on Personnel in Shelters (1960) review much pertinent
information, as well as report the results of their several ex-
perimental fires, In respect to carbon-monoxide poisoning they
cite work of Claudy in terms of the following table (p. 25):

TABLE 1
Effects of Carbon Monoxide

CARBON MONOXIDE
CONTENT OF INHALED
AIR (PER CENT)

EFFECTS
0-02 Possible mild frontal headache after 2 to 3
hours.
0-04 Frontal headache and nausea after 1 to 2

hours. Occipital (rear of head) headache after

2% to 3% hours.

Headache, dizziness, and nausea in % lzour.

Collapse and possible unconsciousness in 2

hours.

Headache, dizziness,and nausea in 20 minutes.

Collapse, unconsciousness, and possible death

in 2 hours.

0-32 Headache and dizziness in 5 to 10 minutes.
Unconsciousness and danger of death in 30
minutes.

0-64 Headache and dizziness in 1 to 2 minutes. Un-
consciousness and danger of death in 10 to
15 minutes.

1-28 Immediate effect. Unconsciousness and danger
of death in 1 to 3 minutes.

0-08

0-16

On the basis of information compiled by Sollman, Broido
and McMasters provide the following tables (p. 24):



Appendices 183

TABLE 2
Effects of Oxygen Deficiency
OXYGEN
CONTENT OF INHALED
AIR (PER CENT) EFFECTS
209 No effects; normal air.
150 No immediate effects.
10°0 Dizziness, shortness of breath, deeper and
more rapid respiration, quickened pulse, es-
pecially on exertion.
7-0 Stupor sets in.
50 Minimal concentration compatible with life.
2-3-0 Death within one minute.
TABLE 3

Effects of Carbon Dioxide (oxygen content normal)

CARBON DIOXIDE
CONTENT OF INHALED

AIR (PER CENT) EFFECTS
04 No effects; normal air.
20 Breathing deeper, tidal volume increased 30 %
4-0 Breathing much deeper, rate slightly quick-
ened, considerable discomfort.
4-5-5-0 Breathing extremely laboured, almost unbear-
able for many individuals. Nausea may occur.
7-9:0 Limit of tolerance.
10-11-0 Inability to coordinate; unconsciousness in
about 10 minutes.
15-20-0 Symptoms increase, but probably not fatal in
1 hour.
25-30-0 Diminished respiration, fall of blood pressure,

coma, loss of reflexes, anaesthesia. Gradual
death after some hours.

Estimate of Extent of Fire Hazard

In the absence of sufficient data on fire initiation by megaton-
class weapons, any prediction of fire-damage areas becomes
tenuous. Broido, in his article ‘Mass Fires Following Nuclear
Attack’ (1960), indicates that a ten-megaton weapon could pro-
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duce heat ignition out to distances greater than 35 miles (p- 41D
Effects of Nuclear Weapons (1957) indicates that one may e
pect the ignition of fire-kindling fuels to occur at a distance of
30 miles for a twenty-megaton air burst (p. 508). M edical Eff ects
of the Atomic Bomb in Japan (1956) indicates that at Firos

the firestorm eventually covered a circular area of about 4:5
miles (p. 17). This involves a radius of about 1.2 miles- SI™
larly, in Nagasaki, where no firestorm developed, all puildings
within about 1.25 miles of ground zero were destroyed by
flames (ENW, p. 326). The Hiroshima bomb had a yield of
about twenty kilotons, the Nagasaki bomb was somewhat more
powerful (MEJ, p. 11). The Hiroshima bomb was exploded
at about 1,800 feet (MEJ, p. 17), so that 1-2 miles from ground
zero would involve a slant range of 1.25 miles. At this distance
a twenty-megaton bomb would deliver about 12 cal./sq-c™-
(ENW, pp. 338-9). Providing atmospheric conditions are
favourable, a twenty-megaton low air burst could deliver this
amount of energy at 28 miles from the explosion (ENW’ p-
306?. This amount of energy is delivered over a much longer
period of time with the twenty-megaton weapon; hence X
would be only about half as effective as the Hiroshima bomb
(ENW, pp. 298, 332-3). Furthermore, the development °f 2
firestorm seems to be more related to the density of combustible
matefial than to the area in which fires are started. Neverthe-
less, it is conceivable that late in the summer, or autumn, on an
exceptionally clear day, following a dry spell, the presence of
dry fallen leaves (ENW, p. 308) would ensure that many fires
would be readily started and that there would be a continuum
of combustible material. Under these circumstances, mass fires
would occur out to 28 miles from the detonation (12 cal./
sq.cm.).

Because a megaton-class weapon delivers its energy more
slowly (ENW, pp. 298, 332-3), and because of atmospheric
attenuation (ENW, p. 335-6), a 30 cal./sq.cm. line would
appear to be more probablesas delineating the area of fire initia-
tion. This amount of energy would be delivered on a clear day
out to 18 miles from a low air burst ENW, p. 339). For a con-
tact surface burst, the above distances would have to be reduced
by 40 per cent (EN'W, p. 298).
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TABLE 4*

Population Density and Area: New York City (1960 census)
v. Centre of Hiroshima (as of 1 August 1945)

PERSONS PER SQUARE MILE AREA
Manhattan 75,072 22-6
Brooklyn 33,446 785
Bronx 33,032 43-1
Quecens 15,777 1147
Staten Island 3,648 609
Hiroshima Centre 25,000 4-0

* Extrapolated from Office of Civil and Defense Mobilization, Fire Effects or
Bombing Attacks (1955), p. 18.

Appendix to Chapter 5
Medical Aspects of Radiation Injury

According to the U.S. government report The Effects of Ioniz-
ing Radiation on Human Beings (1956), individuals exposed to
radiation doses in the vicinity of the LD 50, in which survival .
is possible, show the following changes in the haemopoietic
tissues : Lymphocytes are profoundly depressed within hours
and remain so for months. The neutrophile count is depressed
to low levels, the degree and time of maximum depression
depending upon the dose. Signs of infection may be seen after
7 to 9 days, when the total neutrophile count has dropped
virtually to zero. The platelet count may reach very low levels
after 2 weeks. External evidence of bleeding may occur within
2 or 4 weeks. This group represents the lethal dose range in the
classical pharmacologic sense. In the higher-exposure groups of
this category, the latent period lasts from 1 to 3 weeks with little
clinical evidence of injuries other than slight fatigue. At the
termination of the latent period, the patient may develop pur-
Pura, epilation, oral and cutaneous lesions, infections of wounds
or burns, diarrhoea, and melena. .

Among those for whom survival is improbable and among
those for whom it is possible, the blood picture is not as well
documented as it is for those whose prognosis is more hopeful.
There are good clinical reasons to believe that in the lethal



186 Appendicés

range the granulocyte depressions will be marked and below
1,000 per mm?® during the second week. Good observations in
Japan confirm this contention. However, in the sub-lethal range
it takes much longer for the granulocyte count and platelet
count of man to reach minimal values, as compared to other
mammals. The granulocytes may show some depression during
the 2nd and 3rd weeks. However, there can be considerable
variation. A late fall in the granulocytes during the 6th or 7th
week may occur and should be watched for. Platelet counts
reach the lowest level on approximately the 30th day; at this
time maximum bleeding was observed in Japanese who were
exposed at Hiroshima and Nagasaki. This time trend in the
platelet count and the development of haemorrhage is in
marked contrast to what was observed in laboratory animals,
in which platelets reach their lowest level around the 10th to
15th day and haemorrhage occurs shortly thercafter. Among
those for whom survival is probable, individuals with neutro-
phile counts below 1,000/mm? or less may show no external
signs of bleeding.

Problems in Predicting the Fallout Pattern

One assumes a ‘ground-zero circle’, which includes the fallout
of heavier particles from the initial column and mushroom
cloud. This material descends within the first hour after detona-
tion. The lighter particles take a longer time to come down and
are displaced horizontally by wind. The ground-zero circle thus
is displaced downwind, forming first an ellipse, and ultimately
a cigar-shaped figure. Baum, testifying before the June 1959
Holifield Hearings on Biological and Environmental Effects of
Nuclear War, reported that the best available estimate of the
range of significant sizes in areas of hazardous fallout is 50 t0
400 microns (p) (p. 189). It takes a 340y particle 3 hour to
descend from 80,000 feet, and a 75y particle 16 hours. Accord-
ing to Effects of Nuclear Weapons (1957), with a 15-mph
wind the 340y particle would be blown about 8 miles from
ground zero, the 75, particle about 220 miles (pp. 440-1). With 8
15-knot wind, the lighter particles tend to arrive almost horizont-
ally: a 300, particle at an 184° angle from the horizontal, a 30p.
particle at a 4° angle (Hawkins, in Holifield, p. 169).
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Given the data in ENW (pp. 417-21), in the idealized pattern
of fallout descent it is possible to plot the dose-route contours.
Shelton estimated that a ten-megaton weapon would contami-
nate an area of about 2,500 square miles to the extent that an
unshielded person at the edge of this area would receive 450
rem in 48 hours (Holifield, p. 41). This assumed a 15-knot wind
producing a pattern 150 miles long downwind, and 25 miles at
its widest. It was also assumed that the radioactive decay rate
of the deposited material followed the t™!-2 rate (Holifield, p. 46;
ENW, p. 432). Unfortunately, almost every assumption that
needs to be made in the above type of calculation is uncertain.
Machta points out that the smooth simplified contours des-
cribed are produced by simplified wind structures, and these
often do not exist (Holifield, pp. 130, 136). At several altitudes
winds may show varying velocities and varying directions.
Thus a five-megaton burst of the 1956 REDWING series in
- the Pacific produced a pattern resembling an amoeba. Triffet
indicates that in that instance, the ground-zero circle could be
approximated at one hour after the explosion by a 1,000-
roentgens-per-hour (r/hr) contour. Also 50 miles away there
were two hot spots exceeding 2,500 r/hr, and one of these was
close enough to the edge so that the 25 r/hr contour was within
20 miles of the hot spot (Holifield, p. 80).

The t™1% law has also proved to be in error. According to new
data obtained by the Naval Radiological Defense Laboratory,
the radicactive decay rate deviates considerably from the aver-
age rate usually estimated (oct™2) — being slower at earlier
times and faster at later times (Holifield, p. 100). The newer
data indicates that at one hour after detonation there would be
a dose rate 2.3 times higher than that anticipated from the t''2
decay rate. After several months the two curves intersect, and 6
months or later the anticipated radiation doses are less than
those calculated on the basis of the t'1'2 law (pp. 77, 125). A third
estimate was arrived at by Lapp on the basis of data obtained
from Kabelle and Gegen Islets contaminated by the March
1954 BRAVO test (pp. 218-23). The immediate (first hour)
decay follows the t™!2 rule, but is followed by a t'!3 relation
which is assumed to be valid until 3 weeks. From 3 weeks to

6 months, a t'1*% relation holds, at the end of which time a t2?
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rate describes the decay more accurately. This means that at 6
months the radiation is an order of magnitude lower than the
theoretical value given by Effects of Nuclear Weapons (this has
been corrected in the 1962 edition of ENW, p. 420); and at
5 years the divergence between the two curves amounts to a
factor of 100 (Holifield, p. 219).

There are several reasons why the decay rate differs from the
theoretical one: the shape of the fission yield curves in U235
and U238 is different and the shape of the fast-fission curve
differs markedly from that for slow fission. Ruthenium 106 and
antimony 125 are unimportant for U235 but become significant
for fast U238 fission (Lapp, in Holifield, p. 211).

Another uncertainty is created by a process known as frac-
tionation; that is, not all radioisotopes settle out of the atmos-
phere with equal rapidity. For example, most of the strontium
90 produced by the bomb derives from the noble gas krypton
Kr90 33 sec Rb90 27 min Sr90. Because of this volatile

—_—

ancestry, Sr90 is formed as finely divided particles, some of
which are so small that they may remain suspended in the
earth’s atmosphere for years (E. A. Martell, in Science, Vol. 129,
pp. 1197-1206). Lapp and Triffet point out that the gamma °
emitter caesium 137 is similarly depleted from the local fallout
(Holifield, pp. 72, 74, 217). Lapp states that analysis of a
sample obtained from Biijiri-Rojoa sand about a week after the
MIKE-megaton shot early in November 1952 indicated that
whereas the sample was depleted in Cs137, it was enriched in
Co60 (p. 221).

Machta has questioned the assumption that 80 per cent of the
radioactive material produced will return to earth as local fall-
out (Holifield, p. 139). It might be much less; for example, the
1962 edition of Effects of Nuclear Weapons assumes 60 per
cent will descend locally (p. 437). On the other hand, the fallout
resulting from a city surface burst on granite might possess
quite different properties from those studied thus far. First,
the size of the particles would show a different distribution.
Triffet points cut that large amounts of iron, which would con-
dense early in the cloud, would influence particle formation and
rate of descent (Holifield, pp. 64, 70, 72). Second, it is difficult
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to assess the contribution made to the residual radiation by the
neutron-induced activity of such structural materials as steel,
glass, and concrete, containing sodium, silicon, iron, copper,
zinc, manganese, and cobalt (EN'W, pp. 398-9; ENW 1962,
pp.. 433—4; Holifield, pp. 93, 221). For example, both cobalt
and nickel may give rise to radioisotopes of cobalt (Co60, Co58)
which, as Strom ez al. point out, could constitute a considerable
portion of the gamma fallout hazard, particularly at times
greater than one year (Science, Vol. 128, pp. 417-19).

It is not clear how much of the total radioactive material
created by the bomb would remain in the ground-zero circle.
In additjon to the material vaporized by the bomb and sub-
sequently returned as fallout, there would be a fair amount of
material that would not be vaporized but would be subjected
to a sufficiently high neutron flux from the initial nuclear radia-
tion to become radioactive. Part of this would comprise the
throwout (ENW, p. 60), the rest would remain in the area
surrounding the crater (ENW, p. 409); Triffet, in Holifield,
p. 103). The deposition of the ground-zero circle fallout would
undoubtedly be modified by the updraft of the firestorm (Faw-
kins, Ham, in Holifield, pp. 170-1, 240; Broido and McMasters,
1959), although the firestorm is not thought to influence the
over-all pattern (Machta, in Holifield, p. 127).

Baum states that not only may the firestorm modify the depo-
sition of fallout locally, but micrometeorological and terrain
factors such as wind structures in built-up communities also
would cause the fallout to be deposited in a manner far different

"from the deposition on a flat plane. Although extrapolations
cannot be performed with confidence, it is probable that the
over-all effects of terrain and weather reduce the hazard pre-
dicted on the basis of current assumptions (Holifield, pp. 187-9).

Fallout Estimate for Twenty-Megaton Columbus Circle Burst

Winds in the deep column of the atmosphere (0 to 60,000 feet)
around New York on 17 October 1958 (the day of the 1959
Holifield Hearings’ assumed attack) were west-south-west with
an average velocity of 40 m.p.h. (Holifield, pp. 44-5). Under
these circumstances, the fallout would be blown over Long
Island, southern Connecticut, Rhode Island, and Massachu-
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setts, including Cape Cod. If one uses Shelton’s estimate, one
would expect an area of the order of 5,000 square miles as being
delimited by the 450 rem during the first 48 hours contour
(p. 41). The 450-rem figure is assumed to be the LD 50 (p. 31).
For reasons indicated below, this estimate should be revised as
follows.

Lapp assumes local fallout to be a field uniformly con-
taminated to a level of 2 kilotons of fission products per square
mile (2 KT/sq. mi.). Such a level would be achieved by a
twenty-megaton (50-per-cent-fission) bomb depositing locally
8 megatons of fission products over 4,000 square miles (Holi-
field, p. 216). Should only 30 per cent of the fallout be deposited
locally, instead of the assumed 80 per cent, then the 2 K'T/sq. mi.
fallout field would cover 1,500, not 4,000, square miles.
Alternatively, one could assume that the fallout field might
cover 4,000 square miles, but under these circumstances only
to an average level of 0-75 K T/sq. mi. In that case, the figures
given in the tables below would have to be reduced to 37-5 per
cent of the given value. Similarly, should the fission yield of the
weapon be only about 5 per cent, instead of the assumed 50-50

_ield, then the figures given below would have to be reduced
by a factor of 10.

With these qualifications (as well as the others) in mind, one
may calculate dose rates for the 4,000-square-mile fallout field
contaminated to a level of 2 KT/sq. mi. as follows: Effects of
Nuclear Weapons indicates the 2 kilotons involve 34 ounces
of fission products, with an activity of 600 megacuries (pp.
391, 435). At three feet above ground this might produce
600 x4 r/hr=2,400r/ hr, providing, as EN'W considered reason-
able, that the gamma rays have energies of approximately 0-7
Mev (pp. 435, 436). Lapp questions these figures and, citing data
of Bolles and Ballou, calculates that the 2-kiloton fission pro-
ducts would yield 940, not 600, megacuries, and that the average
energy is 0-92 Mev per photon, and 1-2 photons per disintegra-
tion. From these data he calculates the radiation dose rate to be
7,000 r/hr (Holifield, p. 216). He concludes that the 2,400 r/hr
value given by ENW is the lower limit, the 7,000 r/hr, the

upper limit, of radiation dose one hour after detonation (pp-
216-17). On the basis of actual field data, he uses a 4,000 r/hr
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rate 2s a realistic radiation dose (p. 220). Actually, figures pub-~
lished subsequent to Lapp’s calculations indicate that for a
2 KT/sq. mi. fallout field, 5,500 r/hr is more realistic (Holifield
Civil Defense Hearings, 1960, p. 563). Moreland gives the
following formula for calculating radiation dose rates from
weapon debris :

Dose rate from megaton weapon oy r/hr
. . =2750 1B ___—
where t is measured in hours. KT/sq. mi.

For times up to 100 days the relation is accurate to within 25
per cent. For times greater than 100 days the power law approxi-.
mation overestimates the dose rate by as much as a factor of 9.

Moreland also provides a schedule of dose rates given a fall-
out field of 1 KT/sq. mi. (Holifield C. D., 1960, p. 570). The
following table has been converted to 2 KT /sq. mi. :

TABLE 1
Dose Rates for Local Fallout
DOSE DOSE
TIME (IN ROENTGENS) TIME (IN ROENTGENS)
1st- 6th hours 7,810 1st month 18,200
6th-12th ,, 2,090 ond 936
12th-24th 2,200 nd s
» > 3d 412
1st day 12,100 4th 248
2nd 1,650 Sth 5 170
3d ,, 50 6th 138
4th ,, 340 7th 82
Sth 276 8th 82
6th 276 9th 66
Tth 276 10th 38
11th ,, 38
1st week 16,120 12th ,, 28
2nd ,, 1,046
46
id 622 Ist year 20,460
4th 490 2nd ,, 88
5th ,, 298 3rd 22
6th © 214 4th ,, 16-6
7th 182 Sth ,, 13-8

By simple addition one would obtain the following approxi-
mate figures for the maximum dose rates received from fallout
ina2 KT/sq. mi. field :
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TABLE 2

Maximum Dose Rates Expected in a 2 KT /sq. mi. Fallout Field
(in roentgens)

From the end of the 1st hour to the end of the 2nd day =14,000
From ,, 5 5 2ndday » »  » » » 2nd week = 3,000
From ,, 4, 2nd week , , 5 » » 2nd month= 2,000
From ,, , 5 5 2nd month,, , , , », Ist yaar = 1,300

In evaluating these figures in terms of the actual radiological
hazard involved, at least two corrections need to be made. First,
the 14,000 r figure for the period t+1 hr to t+48 hr is too high
because it assumes that all the fallout is down during the first
hour. The Probable Fallout Threat Over the Continental United
States (1960), a report prepared by Callahan et al., indicates that
in respect .to radioactivity, the median particle size is 150 (pp.
97-8); on p. 106, by extrapolations from Fig. 4-3, it would
appear that the mean pressure altitude for a twenty-megaton
mushroom cloud is 75,000 feet. The descent time for a 150u
particle from this altitude is indicated by these authors to be
about 7 hours (p. 102). If one considers the theoretical total
integrated dose received at a point three feet above a con-
taminated (smooth and infinite) plane assuming all the fallout
down at t+1 hr (as in Table 2), then the following is true:
about 60 per cent of the total dose received between t+1 hr and
t+48 hr will be received by t+7 hr (Holifield C. D., 1960, p.
568). However, the median particle descending from the mean
altitude of a twenty-megaton mushroom cloud does not reach
the ground until about seven hours after detonation. Hence,
roughly 60 per cent of the t+1 hr to t+48 hr dose may be
ignored in calculating average dose rates of the hypothetical fall-
out field. A factor of 0.4 is also given by Callahan et al. to com-
pensate for the descent time (p. 198). Thus the 14,000 r figure
should be reduced to 5,600 r. However, the dose will be consider-
ably higher nearer to ground zero where the heavier particles
descend earlier; at greater downwind distances, the lighter
particles will be deposited much later, causing the dose to be less.

A second correction stems from the fact that the doses in
Table 2 are calculated for a point three feet above a uniformly
contaminated, hard, flat plane, and have not been corrected for
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drifting, shielding, and weathering. Knapp, testifying at the 1960
Holifield Civil Defense Hearings, estimated an over-all protec-
tion factor which increases from about 1.3 in the first month to
about 3 after the first month, then increases to about 4 by the
end of two years (p. 577).

In view of these considerations the following is more likely
to describe the actual dose rates received by unshielded objects
exposed to a 2 KT /sq. mi. fallout field :

TABLE 3

Probable Dose Rates Expected in a 2 KT /sq. mi. Fallout Field
(in roentgens)

From the end of the Ist hour  tothe end of the 2nd day = 5,600
From , , , , 2ndday » » » » » 2nd week = 2,300
From , , 5 2nd week ,, » » » » 2nd month= 670
From , , , , 2nd mopth » » » » » Istyear = 430

According to Lapp, the variations in the levels of fallout with-
in the fallout field would be at least tenfold (Holifield, p. 216).
Judging from the five-megaton REDWING shot, Triffet in-
dicates that the variation could well be greater than that (p. 80).
Thus, it would appear possible that hot spots of over 50,000
r/48 hr would be encountered on the one hand and doses of
500 r/48 hr or less towards the edge of this hypothetical, 4,000-
square-mile, fallout.field on the other (see also testimony of
Shafer, in Holifield, p.,191). Lapp states that these hot spots
are likely to be of the order of 75 miles downwind from ground
zero (p. 225). This means that such a hot spot might be observed
in the Long Island Sound off Southhold.

In general, the above estimates probably exaggerate the radio-
logical hazard from the New York burst. Not only may the
local fallout be much less than 80 per cent, and the fission yield
much lower than 50 per cent, but high wind velocities are likely
to dilute the field appreciably and deposit much of the radio-
activity in the Long Island Sound and the Atlantic Ocean. Long
Island is about 120 miles long. If a 150, particle takes about
7 hours to descend from 75,000 feet, a 40-m.p.h. wind could
displace such a particle up to 280 miles from ground zero.
According to Callahan et al., the mean integrated wind speeds at
80,000 feet over Hempstead during winter, spring, summer, and
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_115
autumn are 43, 29, 14, and 29 knots respectively (1 knot;nlots)
m.p.h) (pp. 78-81). Assuming a 33-m.p.h. (about 29 the
wind, the median fallout particle (150p) descending frOmmﬂes
mean pressure altitude (75,000 feet) will land over 200 pours
downwind. Only particles that descend within about four ar-
will land on Long Island. From 75,000 feet this involves npt o
ticles larger than 200y, which means that about 60 per C;lo Wi
the total radioactivity, carried on smaller particles, will be
beyond Long Island (Callahan et dl., pp. 98, 102). .10

In addition to the 60 per cent blown farther out, a.nOT-het .
per cent or so might drop in the blast area itself. Callal}aﬂ € e
cite the RAND Corporation’s Report No. 309, which indic? o
that as much as 10 per cent of the total radioactivity reS{deS
the stem of the mushroom cloud (p. 101). The stem contains ey
heaviest particles dug out of the ground, which descend V
rapidly and close to ground zero.

For these reasons it seems likely that Long Island wo‘.lcl)i
receive only 30 per cent of the anticipated 8 megatons of fisst 4
products, or 2-4 megatons. If the fallout field were about b
miles wide and 120 miles long, then the 2.4 megatons woul i
distributed over a 4,800-square-mile area. This amounts t0 abo
0-5 KT/sq. mi., roughly one fourth of what has been as:?umem:
However, all of this material would have descended within fO .
hours so that the t+1 hr to t+48 hr figure should only be rl p
duced by a factor of about 0-375, while the other figures shou
be reduced by a factor of 0-25. It must be understood that thes;
corrections apply only in the presence of a 33-m.p.h. wind, an
that they assume that both particle size and particle be-
haviour will be as described on the basis of previous test ShO':

[

TABLE 4
Average Dose Rates in a 4,800-Square-Mile Fallout Field
Following a Twenty-Megaton Surface Burst (in roentgens)

(Assuming 50 per cent Fission Yield, 80 per cent Local Fallout,
and Wind Velocity of 29 Knots)

From the end of the 1st hour to the end of the 2nd day = 2,100

From ,, , , » 2nd day N o N » 2nd week = i;g
From ,, , , , 2ndweek , ., 2nd month= 100
From , , , , 2ndmonth,, , , , , Istyear =
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As such, the estimate in Table 4 is probably on the low side,’
since only 30 per cent of the fallout would be expected to
descend on the hypothetical 4,800-square-mile fallout field
produced by the single twenty-megaton New York ground
burst. Moreover, a fallout field produced by two or more
detonations at different sites would show substantially high
levels of radiation, not so much initally, when the radiation
from the nearest burst would predominate, but after a few
days, as the radioactivity of the closer burst decayed. For this
reason, Table 3 (2 K T /sq. mi.) represents a more probable dose
estimate.

Appendix to Chapter 7

Fallout Contamination of Surface Water Supplies

One may calculate the contamination of water stored in an
open reservoir 200 feet in diameter with a capacity of about
3,000,000 gallons as follows. Such a reservoir would present a
surface of almost 3 acres; if one assumes the fallout to deposit
640 megacuries of fission products per square mile (about 2
KT/sq. mi., see Appendix to Chapter 5, p. 190, the reservoir
would receive the equivalent of 3 megacuries at one hour after
detonation (640 acres/sq. mi.). This means about 1 curie (C) per
gallon, or about 250 millicuries (mC) per litre. According to
Hawkins (1960), it is highly probable that at least 90 per cent
of the radioactivity will be tied up in an insoluble form (p. 21).
Effects of Nuclear Weapons (1957) considers that for an emer-
gency consumption period of 10 days, 0.09 mC/litre is accept-
able; for a 30-day period, 0-03 mC/litre is acceptable (p. 535)-
According to the 1960 Holifield Civil Defense Hearings, if the
alpha and beta decay parallels that of the gamma emitters, then
the acceptable level of 0-09 mC/litre would be achieved in
about 5 days and the 0-03 mC/litre level in about 12 days.
Again, these figures are extremely tentative. Atomic shots set
off from towers in Nevada produced particles in which less
than 2 per cent of the radioactivity was water soluble. However,
balloon shots at Nevada produced fallout in which 31 per cent
of the radioactivity of the larger particles, and 14 per cent of
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‘the radioactivity of the smaller particles (i.e. those less than 44
microns in diameter), was soluble (Holifield Fallout Hearings,
p. 2008).

Strontium 90 Contamination of Foodstuffs Grown in Fallout
Field Subjected to IKT [ sq. mi.

In reference to Lapp’s suggestion (see p. 190), the following
calculations are pertinent: 10 megatons of fission produce
1,000,000 curies of Sr90 (in Holifield Fallout Hearings, pp.
1971, 1978, 2427). One kiloton per square mile (1 KT/sq. mi.)
would mean a contamination rate of 100 C/sq. mi. Using the
formula of Kulp and Schulert (1962, p. 632), that is, that by
direct absorption of the fallout into the forage crops, milk
calcium levels will average to about 0-65 pp.C Sr90/gm Ca/mC
Per sq. mi., one can calculate the 1 KT /sq. mi. field to result in
milk contamination of 65,000 ppC Sr90/gm Ca. The discrimina-
ton exercised by the human body against strontium in the
Western diet amounts to a factor of 4 (Kulp and Schulert, p.
620). Therefore, newly forming bone would attain a level of
about 16,000 ., C Sr90/gm Ca. This is eight times the 2,000
ppC Sr90/gm Ca, acceptable to a high-risk industrial popula-
tion, that Lapp referred to. For adults, on the other hand, the
concentration would approximate the 2,000 ppC Sr90/gm Ca
level since adult bone concentrates about one eighth the amount
infants do. In the United States in 1960, the infant level was
at 3-3 4uC Sr90/gm Ca, the adult level at 0-4 ., C Sr90/gm Ca;

Le., about 5,000 less than the projected concentration (Kulp and
Schulert, p. 626).

Appendix to Chapter 10

Theoretical Considerations of the Biological Basis of the Long-
Term Somatic Effects

The diverse radiation effects observed may well relate to one
primary mechanism. In view:of the various hypotheses it may
be somewhat arbitrary to single out any one; however, a work-
ing hypothesis based principally on one proposed by Puck et al.
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(1957) is of sufficient cogency to warrant re-emphasis, if for no
other reason than that it is immensely helpful in integrating
the diverse and often puzzling observations.*

The growth of the mammalian body is generally considered
to be determinate; that is, the animal grows to a cgrtain definite
size and then stops. However, this is only a partial description,
for most tissues continue their growth, although there is no net
increase in size; that is, there is a continuing turnover of cells.
This turnover is greatest in tissue in which cells are continuously
destroyed and sloughed off, as in the epithelium lining the
intestines. In stable organs, the turnover is very low. Presum-
ably, there is no cell turnover in the mature nervous system,
although newly synthesized protoplasm appears to stream con-
tinuously down the axon (see P. Weiss, “The Life History of the
Neuror’, Journal of Chronic Diseases [1956], pp. 340-8). Puck
considers the primary effect of radiation to be the chromosomal
damage incurred by a hit cell which results in that cell losing
the capacity to proliferate indefinitely. Cells not in an active
state of division are not affected at all until they are stimulated
into division. At such a time they simply fail to divide (or pos-
sibly, some may perish). Much of the radiation damage remains
latent. Therefore, the primary effect of radiation involves the
incapacitation of the cells’ proliferative ability causing a reduc-
tion, potential or actual, of the normal turnover rate in the adult
body, and an upset in the normal morphogenetic events in the
embryo. On this basis, almost all the observations discussed in
Chapter 10, except the carcinogenic effect, become explicable.
The impaired ability to repair any organ or part of the body
that is challenged is self-evident, since such repair entails cell
replacement. '

Not too different is the explanation for the reduction in life
span and the advanced ageing phenomenon. The ageing process
in itself involves a slowing down of cellular turnover. This is
manifested in the difficulties observed in wound repair in older
persons as well as the difficulties ageing organisms encounter in
coping with even minor insults. The superimposing of a cell

* For a ?ﬁm\llaﬁng discussion of various hypotheses proposed to explain
how 1’%"113!-!01_1 exerts its deleterious effects, see Bernard L. Strehler, ‘Origin
and Comparison of the Effects of Time and High-Energy Radiations on
Living Systems’, Quarterly Review of Biology, Vol. 34 (1959), pp. 117-42.
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population made impotent by radiation on a system already
encountering difficulty in its normal turnover rates would clearly
aggravate degenerative processes. The impaired-turnover con-
cept would explain the inability to maintain a healthy vascular
system, which is the basis for a number of degenerative diseases.
Thus, the net effect is one of acceleration of ageing. This would
also explain why an older or less vigorous population would be
more susceptible, or why a previous radiation dose (resulting in
a certain percentage of incapacitated cells) generally increases
the sensitivity to a second radiation dose.

If, in addition to mere replacement, the proliferative capacity
of cells is required for the normal growth processes of immature
organs or systems, the deleterious impact of radiation is even
more severe. During mammalian embryogenesis, the successive
morphogenetic events are on an extremely strict and inflexible
timetable. If a tissue fails to form, or forms only incompletely,
it almost never gets a chance to make up the missing portion. In
Yiew of the sensitivity of embryonic neural tissue to radiation, it
1s not surprising that sublethal doses result in microcephaly, or
that radiation of the epiphysis results in the reduced growth of
the affected bone. Similarly, it is not surprising that irradiating
the ccl.ls of the eye’s anterior epithelium should lead to the
formation of abnormal lens tissue. Nor is it unexpected in view
of the above concepts that irradiating the gametogenic epithelia
results in reduced fertility. The increased sensitivity of foetuses
and children to radiation is consistent with the above postulates.

Probably the normal homeostatic mechanisms of the body
cempensate for the radiation-damaged cells by causing the pro-
llf.el:anon of other cells not incapacitated (though perhaps other-
wis¢ altered) by the radiation. These cells are therefore
stimulated into division rates exceeding those normally en-
countered. This process may also be related to the carcinogenic
effect of radiation. That is, irrespective of the primary
mechanism by which radiation induces a cancer cell, the
humoral factors acting upon an irradiated tissue may tend to
select for a potentially autonomous cell. Thus, the appearance
of tumours as a result of exposure to high doses of radiation
(which are not completely destructive) may involve two in-
dependent and distinct mechanisms.
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Appendix to Chapter 13

In order to calculate the genetic damage caused by increasing
exposure to ionizing radiation, it is first necessary to establish
(1) the spontaneous mutation rate and (2) the radiation dose
required to double this spontaneous mutation rate. W. L.
Russell and E. M. Kelly (1958) provide the following data on
radiation-induced mutation rate in mice. In spermatogonia the
rate is 21 x 108/r/gene for acute exposures and 5 x 108/r/gene
for chronic exposures (10 r/week or 90 r/week). In oécytes the
corresponding rates are 31x108/r/gene for acute, and
4 x10°8/r/gene for chronic irradiation. Mature sperms show a
higher rate of 45 x 10%/r/gene, which is independent of dose-
rate variations since it is manifest following either acute or
chronic irradiation. The spontaneous mutation rate in both
males and females is 7 x 1075 /gene.

The question arises, does such mouse data have applicability
to human mutation rates? Grahn feels that ‘Our present think-
ing is that the sensitivity of man is probably very close to that
of the mouse, based on volume of genetic material involved. We
have reasons to believe that the mouse mutation rates can be
applied to man and be accurate at least within a factor of about
two’ (Grahn, 1960, p. 77).

If this is so, then one could make the following calculations.
For acute radiation, the radiation-induced mutation rate is of
the order of 25x10%/r/gene for spermatogonia and odcytes.
This would mean 750 x 10°8/30 r/gene or 7-5 x 10¢/30 r/gene
" to approximate the spontaneous mutation rate of 7 x 107%/gene.
Thus, the doubling dose required to achieve doubling of the
spontaneous mutation rate is of the order of 30 roentgens for an
acute dose. The chronic dose is only a fourth to a fifth as effective
as the acute dose. Thus the doubling dose is in the neighbour-
hood of 120 roentgens for chronic irradiation (UN, 1962, § 154,
p-101).

The 300-roentgens acute dose to which population A is ex-
posed (see Chapter 13, p. 166) is equivalent to ten times the
doubling dose. The additional 100-roentgens chronic dose is
perhaps another 80 per cent of the doubling dose. Thus, popu-
lation A is exposed to a dose which would induce a mutation
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rate 10.8 times over and above the spontaneous mutation rate
for man. Population B, on the other hand, would receive a dose
which is approximately one half the doubling dose, so that in
population B one would expect only a 50-per-cent increase in
mutation rates.

The question is, what does a S50-per-cent rise, or a tenfold
increase, in mutation rate signify? Muller (1957) has calculated
that the spontaneous mutation rate is 1 x 107! per human gamete,
and that the accumulated load of lethal mutations, carried
heterozygously, amounts to about 8 per individual. In popula-
tion A the mutation rate would then increase by 1.08
genes/gamete or 2:16 genes/individual; that is, on the average,
each gamete would acquire in excess of one new mutation as a
result of exposure, and each individual derived from such
gametes would carry in excess of two such induced mutations.
In population B, the mutation rate would increase from 1 x 10
to 1:5 x 10! /gamete, or to 3 x 107! /individual.

Assume that both hypothetical populations A and B contain
1,000,000 individuals under 40 years of age each, and that one
is dealing with static populations; i.e., each generation produces
exactly 1,000,000 individuals to replace it. Then population A
will contain 2,160,000 induced mutant genes, while B will
contain 100,000.

Muller (1957) states that in Drosophila the average lethal
mutation in an autosome might be expected to persist for some
22 generations; detrimental (in contrast to lethal) mutations can
be expected to persist in excess of 50 generations (p. 37). He
estimates that there are 5 times as many detrimental mutations
as there are lethals (pp. 35-6). Thus, about a sixth might be
expected to persist for 22 generations, the rest in excess of 50
generations.

If similar considerations apply to man, then one sixth of popu-
lation A’s mutant genes will be lethal; i.e., about 364,000, while
B will contain 17,300 lethal genes. These will express them-
selves and be eliminated over a period of 22 generations. The
vast majority of these, let us say in excess of 95 per cent,

would involve recessive autosomal lethals. That means for 22
generations, each generation of population A would eliminate
on the average of 15,700 (95 per cent of 364,000 divided by 22)
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such genes; while population B would similarly eliminate 748
such genes. These would express themselves, and hence be
eliminated, primarily in the homozygous state. In the homo-
zygous state, such recessive, autosomal lethal genes would
result in miscarriages, stillbirths, neo-natal and early childhood
deaths, and deaths of individuals who had not reproduced, or
were incapable of reproduction. An average of 7,850 such events
would occur in each generation of population A, 374 in
population B.

It is not likely that a recessive lethal has absolutely no effect
at all in the heterozygous state. Thus, it is not proper to assume,
as was done in the above calculation, that elimination occurs
only if the lethal gene appears in the homozygous state. For this
reason, the above figures may be increased by 10 per cent to
account for the elimination of genes by the genetic deaths of
partially handicapped, heterozygous individuals (Muller, 1957,
pp- 36-7).

The effect of heterozygous elimination causes the rate of
elimination to be much higher during the first few generations
and much lower toward the 22nd generation. The rate of
elimination is a function of the number of mutant genes present
in any given generation.

The remaining 5 per cent lethal mutations would be recessive
lethals on the sex chromosomes, or dominant lethals. These are
likely to show up in the first generation. Therefore, one would
expect 18,200 additional lethal genetic events of the sort
described above in the first generation of population A, 865 in
population B. Thus as a result of radiation-induced, lethal m““f'
tions, one may expect about 20,000 to 30,000 lethal genetic
events in the first generation of population A, 1,000—1,.500 of
population B, and an average of 8,000-10,000 per generation for
22 generations in population A, 400-500 in population B. Both
populations involve 1,000,000 individuals. .

The theoretical considerations are in accord with the findings
of Neel and Schull (1958), who studied the exposed Japanese
populations (in Holifield, pp. 614-24). A reanalysis of their data
reveals significant changes in the sex ratio of the children, which
are caused by the production of recessive lethals on the X-
chromosomes of irradiated mothers, and dominant lethals on

N.D.-1IX
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the X-chromosomes of irradiated fathers. The former leads to
the death of male progeny, the latter to the death of female
progeny. The Japanese data support the estimate that the prob-
ability of inducing a sex-linked lethal mutation is of the order
of 2.4x1077 per rep (in Holifield, p. 623).* There was no
evidence to demonstrate an effect of radiation exposure on the
perinatal deaths or malformation frequency. Neel considers that
such congenital malformations may be the segregants from
complex homeostatic genetic systems. Mutations induced at loci
involved in these homeostatic systems, while ultimately resulting
in an increase in malformation frequency, would not be ex-
pected to bear the same simple and immediate relationship to
malformation frequency as sex-linked mutations do to the sex
ratio. Therefore, such an increase in congenital malformations

would essentially be masked in the first post-bomb generation
(ibid).

* That is, if 100,000,000 susceptible X-chromosome genes were to be
irradiated so as to absorb a dose of 1 roentgen (or its physical equivalent,
1 rep), lethal mutations would be induced in about 24 such genes. If the
dose were increased to 100 roentgens, then 2,400 such genes would undergo
mutation. It is tb_ought that the human X-chromosome has of the order of
250 genetic lod in which lethal mutations may occur. Therefore,
100,000,000 such susceptible X-chromosome genes involve 400,000 indi-
viduals. 2,400 lethal genetic events per 400,000 people exposed to 100

roentgens indicates a rate of 6 per thousand per 100 roentgens, a figure
consistent with the Hiroshima datI:L P
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