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THE BIOLOGICAL HAZARDS OF NUCLEAR WEAPONS TESTING
-- An Attempt to Reconcile Divergent Views --

A Report by the FA S

Radiation Hazards Committee

Although several detailed reports on the biological haz-
ards of nuclear weapons testing have been published (1,2,3,4)
and the Joint Congressional Committee on Atomic Energy has
held two weeks of open hearings on this question (27), there
still appears to be some disagreement, even among scientists,
in evaluating the hazards. The Radiation Hazards Committee
of the Federation of American Scientists has studied the prob-
lem and has prepared this report with the desire of assisting
in the understanding of the factual background on which any in-
telligently informed public opinion must be based. A principal
purpose of this report is to emphasize that, so far as the mag-
nitude of the hazard is concerned, conclusions which may ap-
pear to be in conflict can legitimately be drawn from the avail-
able facts.

There does not appear to be much disagreement on the

~—d basic quantitative facts with respect to radiation exposures. It

~~ is recognized that these are rather wide limits of uncertainty
{ and large areas of ignorance on some important questions. It

ig also generally recognized that there are, in our civilized
environment, other radiation hazards that may be greater than
those arising from weapons testing at the present rate. How-
ever, a person who feels that the continued testing of large nu-
clear weapons is valuable to our natiomal security is likely to
look at the data in such a way as to suggest that the hazards
are “negligible,” Onthe other hand, one who feels that an in-
ternational agreement to cease testing large weapons, or all
weapons, would be a first step toward lessening international
tension and distrust, is likely to view the data in such a wayas
to suggest that the same hazards are “alarming.”

It is the conclusion of this Committee that to describe the
fallout hazard from nuclear testing as either negligible or
alarming is an oversimplification. The Committee believes
that the fallout effects deserve moderate weight in decisions
concerning continuation or cessation of nuclear tests, aithough
such decisions must be based primarily on other grounds than
that of fallout effects.

GENERAL PROPERTIES OF FALLOUT

Nuclear bombs derive their energy either from the fission
(or splitting into parts) of the atoms of very heavy elements, or
from the fusion of light elements such as heavy hydrogen toform
helium. Inthe case of fission, the atoms into which the heavy
atoms of the nuclear explosive are split are called fission prod-
ucts, and almost all of them are radioactive. The fusion reaction
is called a thermomiclear reaction, since it takes place only at a
very high temperature. So far the only practical way of reach-
ing the temperatures necessary to explode a fusion bomb is by
using erergy from a fission bomb. Thus nuclear bombs of all
kinds, whether fission or fusion, produce approximately the same
kinds of hazardous fission produets, since even the fusion bomb
uses a fission core as an igniting agent. The quantity of fission
products produced is directly proportional to the energy derived
from fission, whether it is the fission of uranium 233, uranjum
235, plutonium 239, or uranium 238, This quantity is relatively
small for ‘atomic artillery,’ larger for bombs such as were used
on Hiroshima and Nagasaki, and yet a thousandfold more for a
big fission-fusion-fission bomb (the so-called ‘dirty’ H-bomb)
such as was exploded Mar, 1, 1954, On the other hand, that por-
tion of the energy that is derived from muclear fusion, using ma-
terials such as deuterium (heavy hydrogen), leads to a very much
smaller amount of dangerously radiocactive material for a given
energy output. By minimizing the size of the fission core used
to ignite the fusjon reaction and by omitting the outer fission lay-
er, it is possible to make H-bombs less ‘dirty’ but never com-
pletely ‘clean’ (except in the rather unlikely event that a fusion
reaction can be started by a purely chemical ignition charpge).

/:t‘_"s_ . The distribution of the fallout depends onthe size and loca-
“tion of the explosion. Some of the fallout takes place near the
site of the explosion within a few hours, some takes place all
around the earth in latitudes near that of the explosion within a

few weeks, and some is distributed over the entire planet and

falls out gradually over a decade or so. Most of the fallout is
local for small bombs exploded near the ground, the fraction that
is globally distributed increasing both with the size of the bomb
and with the altitude at which it explodes. The radioactivity of
any given piece of material pradually decreases with the passage
of time. The quantity that measures the slowness of this radio-
active decay is the half-life: with each succeeding half-life inter-
val, the quantity remaining is halved. The fission products that
are globally distributed have time to decay to some extent while
they are high in the stratosphere. By the time they fall out, only
those of relatively long half-life remain significantly radioactive.
Thus, the fission products that constitute a serious hazard- in the
local tallout are more varied than those in the worldwide fallout,
These facts are a basis for possible misunderstanding. When, for
example, British Foreign Secretary Selwyn Lloyd said (House of
Commons, Feb. 11)that Britain’s 1957 tests “will be high air
bursts which will not involve a heavy fallout,” he presumably
meant that the local fallout would not be heavy, the global fallout
is actually increased by exploding the bombs at high altitude.

Radioactive materials decay by emitting radiations similar
toX-rays, and by ejecting sub-atomic particles at high speed.
As they pass through matter, both of these kinds of rays produce
fonization, which means that they knock electrons out of mole-
cules. It is the ionization produced in living tissue which is re-
sponsible for the biological effects of the radiations. In orderto
discuss the effects quantitatively, it is necessary to have a unit
in which to measure this ionization. Several such units are in
use, but we can avoid some unnecessary technical terminology
and at the same time make the quarntities more directly meaning-
ful, by using as our unit the dose to which the inhabitants of some
representative locality have always been exposed. Mankind has
always been exposed to a certain amount of natural ionizing radj-
ation: to cosmic rays, to the radioactivity of the rocks of the
earth, and to radicactivity in our own bodies. This ‘natural

{Report continued on Page 2 and following)
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background’ radiation, as it is called, varies from one place to
another., A typical low natural background is approximately
doubled by moving from a wooden house to one of brick or con-
crete (5), from a region underlain by sediments to one underlain
by granite, or from sea level to an altitude of about 13,000 ft. (6).
In this report, all radiation doses are expressed in a unit which
is the average natural background at sea level (7).

THE EFFECTS OF STRONTIUM 90

The hazard usually recognized as the first to become seri-
ous at places far away from the site of the explosion js that re-
sulting from strontium 90 (Sr99). The importance of Sr90 arises
from the facts that it is one of the more abundant fission prod-
ucts, that jt has a long half-life (28 years), and that, being chemi-
cally similar to calcium, it is handled very much as is calcium in
the metabolic processes of plants and animals. Thus, when it is
ingested with our food, it gets deposited along with calejum in
bones, where it stays for years, exposing the bones and the bone
marxrow to the ionization resulting from its radicactive decay.
Radiation to the bones can result either in bone cancer or in
leukemia, a fatal cancer-like disease of the blood. There is a
great mass of clinical data showing that radiation can produce
many kinds of cancer {including bone cancer and leukemia), usu-
ally after an interim of many years (8), The more radiation, the
more likely is cancer, but the experimental data on the actual
amount of exposure required to induce cancer in a given fraction
of the persons exposed is rather meager.

Inthe case of leukemia, a recent analysis (18) of the data on
patients given X-ray treatment for ankylosing spondylitis, and on
persons irradiated in the atomic bombing of Hiroshima and Naga-
saki, indicates that in both of these groups, the incidence of leu-
kemia is approximately proportional to the dose of radiation re-
ceived. The incidence was found {o be about one or two individu-
als per year out of a population of 100,000 for a dose equal to
that delivered by natural background over z lifetime of 70 years,
The figure is also consistent with the interpretation that 10 to
20% of the normally oceurring incidence of leukemia (about 7 per
100,000 per year) is due to natural background radiation, and with
the cbserved increased incidence of leukemia among radiologists
and patients given X-ray treatment for enlargement of the thymus.

In the case of bone cancer, about the only quantitative data
on human beings comes from 44 adults who were given radium
for its presumed therapeutic value three to four decades ago (9).
Of the 36 cases having encugh radium to give a dose of 100 times
the level of natural background radiation or more, 32 had clini-
cally recognizable bone lesions. Only a few of these were malig-
nant (cancer). Among these there was only one single case of
bone cancer in which the dose could be determined with any de-
gree of reliability, the others having ingested unknown radiocac-
tive mixtures rather than pure radium. This one case had a ra-
diwmn content giving a bone dose of 1000 times background, a dose
which was exceeded 3- or 4-fold by three other cases in which
cancer has not developed. The growing bones of children may be
more susceptible to radiation damage than are those of adulis.
The very limited amount of data on the effect of radium in adults
may be applicable to 5r90, since animal experiments (see note 23)
indicate that these two radioactive materials are roughly egual
in their cancer producing effect.

In addition to this data on man, there have been some exper-
iments on animals (10, 11} on how the incidence of bone cancer
depends on the size of the radiation dose. These experiments
make it appear probable, but do not show conclusively, that even
extremely smali doses increase the incidence of cancer over
what it would be without this radiation. Some scientists interpret
the results as indicating that the incidence is proportional to the
dose (as it is for the genetic effect to be discussed below, and as
it appears to be for the cancer-like disease, leukemia). Other
scientists believe that there is probably a threshold dose of radi-
ation below which ro harm at all is done,

Let us now compare this very limited knowledge of the doses
which involve a hazard of producing bone cancer, with the amounts
of 8190 received by the population from nuclear explosions. The
quantity of 5r30 in human bones has been measured both by the US
Atomic Energy Commission and by British Atomic Energy Au-
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thority observers (14, 15,16), In late 1955 and early 1956, the
average concentration found in about 600 autopsy samples col-
lected irom many places throughout the world was such as to
give a dose of 1/400 of background; that for children in the north-
ern hemisphere was about .008, and the largest value ohserved .
was .2 times backeground (16).

The concentration of Sr90 in human bones is expected to in-
crease, whether further nuclear explosions take place or not, but
the quantitative estimation of this increase is subject to many un-
certainties, There has not yet been sufficient time or sufficient
data accumulated to exhibit clearly the rate at which the Sr90c¢on-
tent of bones is coming into equilibrium with the Sr90 in the envi-
ronment. The global fallout of Sr90 has, however, been observed
{14, 15, 17) in sufficient detail over a {ime long enough to permit
a very rough prediction of the fallout to be expected in the next
‘decade or two, Combining this prediction with experimental data
onthe caleium content of soils, and on the relative uptake of cal-
¢ium and strontium in going from seil to plant, from plant to
milk, and from plant and milk to man, it has been estimated that,

i no further explesions take place, the average concentration of

8r90 in human bones will rise, by about 1970, to a maximum

which will give a dose of about 1/gth of background {18}, If nucle= .
ar explosjons continue at the rate of about 10 megatons (TNT equi-
valent} a year, the 8r90 concentration will gradually risetoan-
averageo, by the year 2000, of about 6 times the level predicted

for 1970,

If there is a threshold, it is very important to consider the
probable fluctuations of individual concentrations from the aver-
age given. Such fluctuations will be produced by variations inthe
fallout, in the calcium content of the soil, in the dietary habits of
individuals, and possibly in other factors. At several places
thousands of miles from bomb test sites, a coincidence of rainy
weather with the passage of air contaminated by a recent nuclear
explosion has resulted in a local fallout of the order of a hundred
times the average taken over a large area (19). Nevertheless,the
amount of 8r20 that has accumulated from all weapons tests up to
the end of 1955 does not show as much varjation from place to
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and below the worldwide average by a factor which is only about
three (20).

The second factor contributing to the fluctuations is the eal-
cium content of the soil. The less calcium there is in the soil of
a region, the less the strontium fallout is diluted by natural cal-
cium, so the more strontium will be found in plants growing on
that soil. There are regions (for example in Wales) where the
caleium content is only 140th of the average, so that people liv-
ing on foods produced from the local soil would build up a Sr90
content 40 times the average., An effect of this kind has been con-
firmed in the analyses of the bones of sheep living on such land
{14). Many human beings derive their foodstuffs from a more
varied supply only part of which is likely to be so greatly contam-
inated, but for those who grow a _considerable fraction of their
own food, the effect will be significant,

Dietary habits also affect the strontium intake in another
way. Because of the fact that animals use calcium to a greater
extent than strontium in producing milk, the Sr90 content of plants
is, on the average, about 7 times that of milk. Persons whose
eating habits make vegetables the primary source of calcium will,
therefore, accurmulate about 2 times the average burden of Sr20,
since the average was computed .for a typical American diet in-
cluding both milk and vegetables (13, 16, 27).

Since the individual with the largest Sr90 burden yet report-
ed was irom Vancouver, where cther samples were quite normal,
it would appear that the fluctuation in this particular case, a fac~
tor of 75, is not te be attributed primarily to soil caleium or to
fallout fluctuations, but to other random factors possibly includ-
ing diet. it is expected that this type of fluctuation will decrease
markedly as human bones come into equilibrium with the Sr20 in
their environment (13).

If there is no threshold level for cauging leukemia or bone
cancer, then one can make rough estimates of the number of deatl
that will result from the fallout, and the fluctuations discussed
above will not materially affect this number. The radiation level
reached by 1970, if there are no further tests, will cause about
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1000 deaths per year throughout the world (estimate based on US
statistics and on Lewis’ work(18); the level estimated for the
year 2000, if the present rate of festing continues, will cause
about 5000 deaths per year. These numbers are very uncertain.

s The true effects may be several times farger or smaller.

The following table is intended to permit comparisons among
some of the doses that are relevant to the problem, but the actual
numbers must be taken as approximate only. For example, the
tirst two lines depend on the single known case of cancer for
which the dose is approximately known. The dose predicted for
1970 is based on tests made through 1956 only. The predicted
doses also suffer from uncertainties in the factors by which
strontium is discriminated against relative to calcium in the
metabolic processes of plants and animals. For example, the
8r90 to calcium ratio in human bone compared to that of food has
been given as 1/1,1/8, and 1/2.5 on various occasions within the
past year, by qualified scientists (22,16, 13). One complicating
factor is that this “discrimination ratio” depends on the particu-
lar food.

’ TABLE 1

Bone Doses Relative to Natural Background (23)
Cancer in 25 per cent of 4 adult cases 3000, (%)
Minimum clearly associated with bone cancer 1000, {9)
Bone lesions in 100% of 20 adult ceses 300. {9
Bone lesions in 75% of 16 adult cases 100. to 300. ()
BEstimated dose to increase leukemia incidence by 104 1.0 (18)
Occupetional maximm permissible concentration £x3C 20. (2h)
"Maxirum permissible concentration” for populstion 2. (2
Naturzl background (ranges from .7 teo k,) 1. (=5)
Additionel rediation from living in a hrick house .2 (13)
Additional radiation from living at high altitude

(5000 Teet sbove sea level) .15 (13)

Average 1955 measurements on human bones, 5r90 0028 (16)
Average doge in 1970 if no more tests, Sr90 07 (13)
Average dose in 2000 if tests continue, SroC A (26}

S0 far, we have tried to present the essential quantitativ_we
data on which there is not too much disagreement, and on which

~== conclusion relative to the hazard of bomb testing must be based. |

et us now state the conclusion in 2 different ways, both correct,
set differing in emphasis:
CONCLUSION 1 Even if nuclear weapons testing continues at
the present rate (taken to be about 10 mega-
tons, TNT equivalent of fission energy per year), the worldwide
average of the bone dose to a human being as a result of the
5r90 he contains will probably rise to a level of about half that
of the natural background, namely to a level which is about one
two-thousandth of the smallest dose known to have been associ-
ated with a case of bone cancer, and is about the dose that the
walls of an ordinary brick house give to its inhabitants.

CONCLUSION 2 There seems reason to believe that even

small doses of radiation can produce leukemia
and bone cancer, and that natural background radiation is respon-
sible for a certain fraction of the “normally” occurring incidence
of these effects. Any increase in radiation received by large
numbers of people should, therefore, be avoided if possible.
Those who derive their calcium from vegetables grown in soil
of low calcium content would receive by 1970, from weapons al-
ready detonated, a dose several times background. If other
fluctuations happened to coincide with this one, the dose could be
further increased by quite a large factor.

Both conclusions are a bit extreme, yet both are correctly
derived from the quantitative data before us. One of them ne-
glects the fact that local variations from the average exist, and
seems to suggest that a small dose is a safe dose which will pro-
duce no effect, The other emphasizes the possibility that even
small doses may affect a considerable number of individuals,and
neglects the fact that, if extreme local variations do exceed rea-
sonzble limits, it will be possible to add calcium fertilizers to
the soil, or to stop using certain limited areas for the production
of milk or of other foods rich in calcium. If we take local varia-

~tions into account, it is still possible to draw correct, yet widely
iffering, conclusions:

VONCLUSION 1 Since the data suggest that no more than a few
percent of the population will receive Sr90

concentrations more than 10 times the mean, and since these
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fluctuations will probably decrease as equilibrium is approached,
only a small fraction of the population will receive, as a result
of bomb testing continued at the present rate, a doge larger than
about four times background, a dose which corresponds to only
1% of the smallest dose known to have been associated with a
case of bone cancer,

CONCLUSION 2 If the cancer-produeing effect is proportional

to the dose, as it may be, the average expo-
sure of about 1/ gth of background that will result from all tests
conducted up through 1956 may be expected to result in Ieukemia
or bone cancer in 60,000 persons (27).

GENETIC EFFECTS

The second hazard to be considered is that of genetic dam-
age as a result of mutations produced by the exposure of the
gonads to ionizing radiation. Here the qualitative facts are
better known and more readily agreed on than in the case of the
cancer-producing properties of Sr80.

Mutations are changes in the genes, the units determining
the hereditary characteristics passed on irom a parent to his
child, Mutations are the main source of the variability out of
which natural selection is able to produce evolutionary change.
However, although mutations can be benefieial, leading geneti-
cists are agreed that almost all mutations in humans are harm-
ful. Some are lethal --the offspring bearing the changed gene
dies before or soon after birth as a result. Some are more
mildly deleterious. Some are completely recessive so that they
have no chservable effect at all on the individual, and it is only
when two such genes are combined, usually a number of genera-
tions later, that their harmiul effect is felt, Mutations cccur
spontaneously as a result of natural ionizing radiation and of
chemical processes in the body. The mutations produced by
man-made radiation sources are of exactly the same kinds.
Hence, when a mutation occurs, there is no possible way of de-
termining whether that particular case was spontanecus, Or re-
sulted from medical X-rays, or from nuclear bomb tests. There
is no amount of radiation that is too small to have an effect. The
number of additional mutations will be proportional to the total
dose of radiation received by the gonads up to the time that the
offspring is conceived, whether the radiation is received in a
single large dose or in many small doses spread over Many years.,
Since the average childbearing age is about 30 years, gonad doses
are given in this report in terms of a 30-year exposure to aver-
age natural background (7).

Most of the reports on the subject emphasize the fact that
any exposure to ionizing radiation is harmful, no matter how lit-
tle. But it is a fact that the human race has always been exposed
to radiation, that individuals subject to different living conditions
(differert altitude, different house materials) receive guite dif-
ferent amounts of radiation, and that medical use of X-rays has
increased the amount of radiation we receive. It is necessary to

sattempt some guantifative evaluation of the hazards involved in
any given dose level. Here, the data available are even less sat-
dsfactory than in the case of the bone cancer hazard, The amount
of radiation it takes to increase a mutation rate by a specified
amount could be determined if it were known what fraction of the
natural mutation rate is produced by natural radiation. But this
is not known, and animal experiments are not directly applicable
to human beings. Mutations are so rare statistically that a large
number of cases would be needed to give us the data. Studies of
the children born to the population irradiated in the bombing of
Hiroshima and Nagasaki have failed to give definite information
on this point (28). We can, however, say that a dose equal to
background certainly will no more than double the natural muta-
tion rate; it has been estimated that it probably increases it by
at least 1to 2% (29).

There is another point at which the quantitative evaluation
of the genetic hazard becomes difficult. There is a wide differ~
ence of opinion among geneticists on what the effects of even a
known increase in the mutation rate would be, The report of the
British Medical Research Council (2) goes into considerable de-
tail in considering the social load of caring for cases of disease
that would result from a doubling of human mutation rates if con-
tinued for many generations. Other geneticists, including Nobel
laureate H.]. Muller, believe that such a large increase would be
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catastrophic. The Genetics Committee of the National Academy
of Sciences points out that there is a dose of radjation, its mag-
nitude unknown, at which birth and death rates would be so al-
tered that the population would decline to extinction. However,
the fact that some human populations have carried on at high al-

titudes in the Andes, where the background is 3 times the average,
indiecates that a dose of that maenitude is not r‘.:ﬂ"il.'=i1‘1"1."lphi_(;.=
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The natural background of radiation to which we are all ex-
posed results in 2 dose which depends on where an individual
lives (). The high backgrounds are found only in rather limited
areas at high aliitude (where less of the cosmic radiation is ab-
sorbed by the earth’s atmosphere) or in areas where the rocks
of the earth are a good deal above average in their Yadicactivity.

In spite of the large uncertainties involved, it is important
to look at whatever guantitative estimates of the genetic hazard
are available. Mutant genes have ultimately to be eliminated
from the population, and, on the average, this ¢an occur only
through the premature death of an individual, or through the op-
eration of theé mutation in such a way as to prevent an individual
from having children (30). Six geneticists on the NAS committee
estimated (31) the number of mutant genes that would be produced
by a given dose, and passed on to the next generation. They agree
on a best estimate of about 1 gene per 50 of population per back-
ground unit, and believe the true number is between 140 and 10
times this value. For example, a dose of .003 30-year back-
ground units to the population of the world over one generation
would produce between 10,000 and 1,000,000 mutations, most of
which would appear many generations after the irradiation. (It
is only the total dose which matters in regard to genetic effect;
thus, a dose of .003 30-year background units would have the
same genetic effect, for example, whether received with a dose
rate .003 times background rate for a total of 30 years or with
a dose rate 0,9 times background rate for 140 year.) J,B.S.Hal-
dane estimates (32) that the same dose would cause between 2,000
and 300,000 deaths, in good agreement with the members of the
American committee.

Let us now consider the dose of radiation to which our go-
nads are exposed as a result of nuclear weapons testing. Here,
again, the quantitative information is characterized by a rather
wide range of uncertainty. Nuclear explosions which have al-
ready occurred have exposed persons to doses which vary from
very little for persons who live in solid houses in arid regions
of the southern hemisphere, to a dose equal to the 30-year aver-
age natural background for a small community near the Nevada
test site (33), 44 such background units for the inhabitants of
Rongelap Island (34), and even more for the fishermen of the
Fortunate Dragon No. 5 (35). The average fallout exposure for
the inhabitants of the US from tests to 1955 is estimated by G. M.
Dunning (36) of the US Atomic Energy Commission to be .02 back-
ground units, For residents of the United Kingdom, the Medical
Research Council (37){inds the dose accumulated in 30 years
from weapons already detonated {1856) will be .0003 to .0005
packground units. If weapons testing continues at the present
rate, the average doses are estimated by the AEC for the US as
between .05 and .1 background unit in 30 years {38). The wide
limits of uncertainty znd the inconsistencies in these figures re-
flect the uncertainties in the amount of fallout that is removed
from the surface of the ground by weathering, in the amount of
protection afforded by buildings, and in the computation of the

TARBRLE 2

Gonad Doses Relative to 30-Year Average Background (4 rad)(7)
To incresse matation rate 5 per cent (estimetes

range from .05 to 3.) 1. (29)
Fatural background (varies from .5 to ¥.) 1. (6, 25)
Additicnal dose from living in a stone house .2 (13)
Additional dose from Iiving at high alt.(5000 £t.) .15 {13)
Occupational "tolerance" 12. (k0)
“rolerance” for population- 2. (k1)
Average from bombs exploded up to 1955 003 (32)
Average if testing continues (estimates range

from .CO5 to .1} .03 (38)
Pomulation average from dlagnostic X-rays 1. (12)
Dose to an individual from a fluoroscopic

examination (gonad dose) .5 (u2)
Tumincus dial wrist watch, 15 years only (1 ft.

from gonads) .2 (6}
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dose from the daily fallout measurements (the gamma-ray doses
cannct be measured directly because they are much smaller
than the normal background (17).

It is obvious that, with the wide limits of uncertainty in the -
dose being reached, in the effect of a given dose on the mutation
rate, and in the genetic damage and death rate that would result
from a given increase in the mutation rate, one could state ex-
treme conclusions by simply selecting optimistic or pessimistic -
estimates of each of the factors involved, However, it is possi-
ble to give clearly contrasted conclusions even using a singlees-
timate of the dose -- say, .003 unit for a worldwide average from
bombs already exploded, and 10 times that in 30 years if testing

nortivoac at tha nra -
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CONCLUSION 1 Even if nuclear weapons testing is continued
at the present rate, it will produce on the
average an amount of radiation exposure only about 1/30th that of
the unavoidable natural background, the same increase that would
result (from cosmic radiation) on moving one’s home from sea
level of an elevation of 1000 feet.
CONCLUSION 2 Weapons already exploded will result in at
least thousands of human deaths -- more
likely tens of thousands, and maybe hundreds of thousands.

Here, although the conclusions seem very different, neither
The firet amnhagires the smallness
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of the relative increase; the second emphasizes the large number
of individuals affected.

OTHER HAZARDS

it agpears at present that the genetic effects and the effects of
8190 are the principal ones, and that no other fallout effects pre-
sent a comparable hazard, although there is not yet suificient
data to say with absolute certainty that this is so.

In regard to worldwide effects-of fallout from nuclear tests,

In addition to these effects, associated with relatively small
radiation doses to the individual, other bazards, appearing at
higher radiation levels, deserve brief mention (27}, Exposure of
the whole body to about 100 30-year units in a short time can re-
sult in radiation sickness. Exposure to about 120 units can re-
sult in a shortened life span, and is likely to be fatal in about
half the cases. Temporary sterility is produced in about half
the cases exposed to 30 units. Eighty-iive cases of partial cata-
ract occurred among the 1250 survivors closest to the Hiroshi-
ma bomb. Eating or breathing of fission products also involves
other hazards which, at great distances from the bomb, show up
only after the 8r90 hazard is already serious. Marine organ-
isms are able to concentrate many thousandfold certain radio-
active elements that may be dissolved in the ocean(44). This
can become a hazard to the organisms themselves, or to those
who eat them. There has not yet been time to explore thorough-
1y all possible hazards of this kind.

As an example of what may show up in the complex biologi-
cal processes of life on earth, we mention a particular case that
was unsuspected until 1857, about 3 years after the explosion
that presumably furnished the raw material. Clams collected at
Rongelap, the island which received the largest fallout dose from
the explosion of March 1, 1854, have been found to contain cobalt
60 (45), an isotope which was not detected in careful analyses of
the fallout ash or of the ocean water. Starting from an exireme-
iy dilute solution, the clams, or some organisms on which they
teed, have concentrated this radivactive isctope to a level which
is easily measureaple, presumably in the form of vitamin Byg
whick is even moré abundant in clams than in liver (46}, and
which has a cobalt core. The biological harmfulness of this re-
sultant level, to the elams or to humans who eat the clams, has
not yet been evaluated,

So far this discussion has not made use of the term MPCor
“maximum permissible concentration” of a radioisotope, or the
term “tolerance dose” of radiation. These terms have not been
used for two principal reasons. First, reference to an MPC is
not essential to an understanding of the relation of the hazard to
the dose received. Second, and much more important, the term
*permissible” dose is a misnomer when applied to the problem
of fallout radiation. This term is generally understood to mean
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either a “safe”level, which will produce no deleterious effect

whatsoever, or else a level which is acceptable by those exposed,

or their authorized representatives, on the basis that any dele-

terious effects incurred are sufficiently compensated {or by ad-
~~-vyantages received.

In the case of fallout radiation, there is no safe level. There
is complete agreement among geneticists that genetic effects can
be produced even by very small doses of radiation; as for effects
of 8r90, many qualified specialists believe these also can be pro-
duced even by small doses.

If there is no safe dose of radiation, then the term “permis-
sible” dose should be used only in the second sense given above -~
a dose level at which the deleterious effects are acceptable to the
exposed persons, in return for compensating advantages. Forex-
-ample, when a physician gives an X-ray to a patient, the physi-
cian is making a decision that the benefits outweigh the deleter-
ious effects. Inthe present state of international concern about
fallout radiation, it does not seem that the involuntarily exposed
peoples outside of the testing countries would be unanimously
agreed that the advantages they receive from nuclear testing suf-
ficiently compensate for the disadvantages of the effects known
to be produced by the radiation, even though the effects of fallout
radiation may be small compared to other normally occurring,
similar effects.

Although this report deals primarily with the hazards of
testing nuclear weapons, it is important at least to mention some
other related hazards. Whether fission energy is used in bomb
testing, in war, or in the peaceful production of useful power, the
same quantity of fission products is formed per unit of fission
energy. The bombs used in tests are obviously a small fraction
-of what would be used in an all-out war, and the worldwide fallout
will go along in proportion. Intestimony before Congressional
committees, it has been stated that full-scale nuclear war would
result in hundreds of millions of deaths from fallout radiation, in
addition to other hundreds of millions from blast, fire, and direct

/‘radia.tion (27, 47).

Inthe case of nuclear power plants, the fission products are
.roduced as a waste product in the necessary chemical repro-
cessing of the fuel. However, the quantity that will probably be
produced is so tremendous that present knowledge is inadequate
to plan for its disposal. This is why the members of the NAS
Oceanography committee “plead with 21l urgency for immediate
intensification and redirection of scientific effort on a worldwide
basis towards building the structure of understanding that will be
necessary in the future. This structure cannot be completed in
a few years; decades of effort will be necessary and mankind
will be fortunate if the required knowledge is available at the
time when the practical engineering problems have to be faced”
(48). This particular hazard will be nearly eliminated if and
when thermonuclear power {that derived from nuclear fusion) is
ever developed to the point that it replaces fission power plants.

Another related hazard to which very considerable attention
has been directed, mainly as a result of concern about nuclear
bombs, is that of the medical use of X-rays in diagnosis and ther-
apy. Even a luminous dial wrist watch can expose its wearer to
significant amounts of radiation, comparable with the natural
background (see tables 1 & 2). In connection with their report on
the effects of atomic radiation, the Genectics committee of the
National Academy of Sciences has recommended “that the medi-
cal authorities of this country initiate a vigorous movement to re-
duce the radiation exposure from X-rays to the lowest limit con~
sistent with medical necessity; and in particular, that they take
steps to assure that proper safeguards always be taken to mini-
mize the radiation dose to the reproductive cells” (49). The new
awareness of the deleterious effects of radiation is leading to
greatly improved techniques in the use of X -rays, and by these
improvements it will be possible to reduce the radiation doses
received to levels that are justifiable in the light of the great
—benefits obtained.'
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