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Introduetden

There are several factors in the present interest in redicactive
fallout from miclear weapons., EBxoept for the resarks comntained in
this introductory section, this disoussion will bde largely confined
to the techniecal and scientific considerations emmerated in the fole-
lowing paragraph.

From the soientifio point of view, one is concwyned with the
amounts and types ét:rudtmtin material produced by detonations of
miclear weapons, ths mechanisms invelved in local and world-wide dis-
tribution of fallout, incerperation in the food chain and eventual
uptake by human beings, estinated exposures of the whels body and of
particular crgans of the body to radiation from fallout beth outside
and inside the body, and with posaible biological consequences te
both the present gensration and succeeding generations. vaiénaly,
this cannot be viewed solely as an academic exercise. From the point
of view of cur interest in human welfare, comcern for possible harm-
ful effects on this and future gensrations immediately comes to the
fore and constitutes z primary factor in our interest in the subject.

At this point it becomes necessary to distingnish between one's
intersest in fallout frem tests of mwelsar wespons, per se, awnxi one's
interest in the development and teating of miclear weapons in relation-
ship to sueh questions as international relations and muclear warfare.
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whils many poepls were willing, prier to 195k, to let the memory of
the effects of the atomic bomb on the pecples of Hiroshima and Nagh-
saki grow dim with the passage of time, and thoughts of 2 possidle
future var invelving atomio weapons tock on & nore and more hypotheti-
osl cast, the fact that Japarwes fishermen and the Marshall Ieland
natives some 100 sdles from the detonation of a largs test device on
Harsh 1, 1954 received sufficient fallout to cause skin burns and clear
ouh offeats on the blood-forming organs onos agaln sugpested the
possidbls horrors of a muslear way,

What cepturedfhe inagination was the realisation thet in sddition
to radiation, blast and thormal effects at the alte of a megaton burst,
wholes cities downwind might be involved with purely radiation affects
with no fires, no falling buildings, no traumatie injuries at all,
This soncern is enhanced as it has becase apparent that there could be
8 long~-term hasard as well. In addition to delayed effects from in-
creased radiation exposure at the time of the bombing some of the fall-
out material remains radiocactive for years and could thus corstitute a
contimuing hasard.

Algo inherent in current discussions of falleut is the matter of
whather or not the United States should attempt to build optimal capa-
bility in the use of nuclear weapons in the event of war and even as a
deterrent to war,

One of the difficulties in discussing fallout is that of achieving
objeetivity, The subject has became intimately involved in many
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people’s snotions, During the 1956 Presidential election campaign it
own becane a political issue. BSoms parsons who bellevs that a strong
military position increases the probability of a major war have urged
the biclogieal effects of falloud as a reason for cessation of wespons
testa and have played up unoertainties in our sstimates of the upper
iimits of pessidle bioclogieal hasards of radiation from falleut. Otherw
belisving that a strong military position is vital to our national wele
fare, have dissounted these uncertainties, Both say be asmmed to be
notivated by & strong desive £or natiomal security and worldd peace and
%o be sincere, although not always wholly objeetive, in the relative
inportance which thay aseride to falloud from weapons tests or to

woapons tests themselwes, Undoubtedly, many cltisens who consclentiously

abhor war have found an ocutlet for theiy eactions in campaligning aga&mt
the teasting of muclear weapcas, Unfortunately, cessation of testing,
particularly on a unilateral dasis, does not of itself even begin to
resolve the intricate provlems in hman relationships which have in

the past repeatedly led to war,

Anothar difficulty is one of achieving a proper perspsctive in
doaling with the mamner in which the affects which might be produced
by fallout would appear. The unknown is always difficult to grasp and
engenders fear until it becomss known or can be related to something
familiar, The fact that many of the effeats from fallout from nuolear
tasting are ones which do not become apparent at once 1s bvalfling te
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e majority of people and the fach thet they could be produced by
something as imtangible as radioactive atoms lends the subjest a wolrds
ness that is hard to dispel.

We have a gituation quite the reverse of what has pertxined in
mmu&mmmmthmm. Bwallpox, cholsra,
mw:mmumunmmmmumsm
devestating fashion deoimated whole pepmlations, !htprf&lnmto
sesk the cause and elimizate 1% by saxitation or by imminixing the popu-
Isticn 40 the specific sausative organiss, With redistion hasards
whethar from fallout, from weapons tests o from the medical uses of
x~pays it is otherwise. There are no formidsble pressing nmeasureble
effmtwvhiehtcmkam. One. can with varying degrees of
confidenge predict effeets frem the present rate of muclear weapons
tasting that can never be measured or clearly identified with the spe~
cific cause. Yet each predicted affect 15 deseribed in the fom of
some well-known tragic ovent -- a deformed or weakened child, leukemia,
bone cancer or the vague but seemingly familiar "premature death.?

The problem here is to find some means of comparing the radiation
hazsyds inherent in fallout and in the medical and industrial uses of

ot e

atonic energy with some more famlliar natural or man~made hasard which
is presently accepted for one reason or another. There is a natural
tendency to reject comparisons with the hagards {rom such a familiaer
thing ag fire. FKire exacis 10,000 lives a year in this pountry and at

the present rade 300,000 per generablon., It scars and maims many
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thousunds more. The antantdile, s very real sywbel of modern civilisa~
tion, is the sause in the United States alone of seme LO,000 deaths and
2 ke nmumbey of maimed sach year «- at the pressant rate mors than @
m« doaths per generation, Siuilarly, psople reject oomparison
with the dsaths and injuries which are very subetantial and sine qua
non for the none-atoxic aspects of cur national defense sffart finoluding,
of eourse, aviation, I suspect ome of the ressems for this is the
stamtiplace nature of the fncidents which lead to death and injury,
Thay ars recorded in our newspapers daily, A hasard more comparsdls
to that of radiation -~ smog o alr pollution - sammot bs ured for
eosparison simply becanse we have no comparable body of knowledge upen
which to base an estimate of the possidle deleterious effects on our
citisens. Por radiation, and espeaially radiation from fallout, is the
only contemporary man-made gensral envirommental hassrd about which we
have sufficlent infcemation to define 1% at all, and because we can
dafine 16 there is a greater obligation to keep it minimal,

The present level of exposure from medical and dental x-rays
{i r in 30 years) is of abont the ssme magnitude as the exposure from
matural sources of radiatieon. The present lavel of radiation exposure
from fallout from weapons testing to date and future levels ab any
realistic rate of weapons testing, whethsr by one nation or by many,
are sven lower (0,02 to C.5 r in 30 years)., They are a fraction of the
natural radiation sxposure to whioch man and other living things have
always been subjected. In fact they are far below those which have

vvvvvvvvvvv
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been smployed in experimental wrk in order to demonstrate detectable
pathologle ar genetio changes,

By the spring of 1957 the pres and cons of the hasards from radios
aotive £allout from muclear wespons tests were being hotly debated
in the lay journals and svwn to some extent in seientifie pudblisations,
Thus, it was not eurprising that en April 1B, 1957 the Jeint Comitiee
on Atomie Evergy, whish had for nsarly a year been ascumulating baclke
ground inforsation om fallout, foxmed A spesisl suboommittes on radis~
Hon Lor $he purpose of conducting open hearings on the entire sudbject
of the "Rature of Radiocactive Fallout and Its Effects on Msn.® Oongressw
wan Chet Holifield is Chadrwan of this Commiliee. These hearings took
place between the dates of May 27 and June 7, 1957 and the hearings
themselves together with the abundant appendices in the printed text
of the hearings, constitute the most complete body of information and
authoritative statements on the subjeot availables now, With very few
axcoptions the material wvhieh will be covered in this paper is elther
contained or referenced in the printed text of the hearings.

It should be made clesar ad the outset that the author has dons
none of the scientifie work discussed in this paper although for a
maber of years he has been intimately associated with the biomedical
research program of the AEC which sponsored a very large share af it,
Encugh camnot be said in recognition of the many scientists who have
worked so hard to develop sush information ap we now have available on
ths subject. This they have done tirelessly and even enthusiastieally
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in spite of the fact that many of them would have preferred other cut-
lots for Oely sclontific talends more basie and perhaps more glamorcus,
Thay recognised the importance of the problem and have pitched in when
and wherever they could make a sontribuldon to our knowledge of the
subjest, rogardless of where their research support came from and re-
gardless of the implications of their chservetions inscfar as tending
to inoyease or desrease cwrrent estimates of the hasards of fallwut,

The detomation of muwlear devioces produces fissicn products in
greater or leasser amounts depending on the characteristics of the par-
Woular devics used. The smaller devices, these in the thousands to
mmmmmmmmmm,momsxug
plosive fores by nuclear fission giving rise %o proportionate amounte
of fission products while so=called H-bombs, bowmbs in the million-ton
range, mey derive less tham 10% of thedr explwive force from fission.
Thermonuclear reactions per 2o may give riss %o tritium (radiocactive
hydrogen) while the neutrons produced in the reactiocns produce radio-
agtive carbon from the nitrogen in the atmosphers. The amount of
carbon-1l; produced 1z small relative to that normally present in the
atmosphere, 2o that with a half-1ife of the order of 5000 years its
activity is not significant when compared with the amount of fission
product activity resulting from the fission reactions. In addition,
the neutrems produced by nuclear devices detonated on the surface of
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the earth or on towers and the like induce radicactivity in a warlety
of mterials. This results for the most part in radionucleides of
relatively short half-life sucha s Fe-59 half-life 47 days, manganese
54 half-life 310 days, Si-131 half-life 2,6 hours, and C1l-38 half-life
37 minutes, sédium—ZA half-life 14.8 hours, Messurable amounts of
' 2n-65 half-life 250 days, and CO-60 half-1ife 5.3 years have also been
detected in fallout material.

In early fallout from a surface explosion radioisotopes of short
half-lives ;re quite abundant and may represent a very important part
of the total activity. In fact the external radiation dose from the
short-lived gamme ray emitting isotopes in near-in fallout may constitute
the principal; hassrd to unshielded persons as was the case with the
Marshall Islanders on t he ATOLL of Rongelap at the time of the March 1,
1954 detonation (31). Prom the standpoint of possible damage from radio-
isotopes which may be ingested or inhaled soon after fallout the dose to
the thyroid gland, to the gestro-intertinal tract and to other regions of
the body from I-131 with a half-life of eight days, and Ba-140, Strontium-89
and Strontium-91 with half-lives of 12.8 days fifty-five days and ten hours
respectively may overshadow in significance the effects of the longer-lived
fission products. These fission products have been identified in fallout
and in biological meterisl, plants, animels, and animal and human urine
collected a few days to a few weeks, and in the case of Sr-39 several
months, after the passage of a cloud of nuclear debris over an ares (16, 33,

11, 32). These isotopes are important in tropospheric latitudinal fallout
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up to distances of several thousand miles from surface bursts of high
fission yleld megaton range weapons. They are of lesser importence with
fallout {off-aite) from kiloton range tests. Hartgering's studles suggest
that under these circumstances the amounts are small in absolute terms and
that the radiocactivity may gein access to the hwmn body by inhalation
rather then by going through the food chain, From the standpoint of the
long-term world-wide fallout hazard, however, these isotopes are of little
concern.,

The important fission producta from the standpoint of world-wide,
or delayed fallout, are Sr-90 and Cs-137 with half.lives of 28 and 27
years, respectively. Their importance in delayed fallout lies in their
relatively long half-lives, and their reedy assimilation by the human
body and the fact that they are produced in relatively large quantities
in the fission process. Ce<l4i4 of half-life 275 days is also reedily
taken up by the body. It belongs to the rere earths and is not readily
taken up by plants. Having an intermediate half-life it might be of some
conecern were it present in greater quantities than 1t is and more readily
absorbed from the soll by vegetation into the food chain.,

Finally, a word concerning Pu-239 (22). Although the mass of
plutonium disseminated by a nuclear detonation may be greater than the mass
of gtrontium~30 or of cesium.137 it is taken up very poorly from the soil
by pnlants ~- only about one part in 10,000. Further, the human intestinal
tract takes up only about one part in 10,000 to cne part in 100,000 of Pu
which may be present in the food. Adding to these facts knowledge of the
amounts actually dispersed in nuclear tests one can readily dismiss Pu

a8 unimportant in the long-term fallout problem.



Before discussing the three general types of fellout, it is well
to call attention to the fact that a deep underground burst suoh as was
accomplished in Nevada in September 1957 is completely contained and
produces no surface or atmospheric contamination.

There are three different classes of fallout from tests, the rela-
tive abundance of which is determined by the nature of the weapon, its
_yleld, and the conditicns of detonation, particularly the altitude of
firing.

Local or near-in fallout ocours when the fireball of the bomb

touches or comes sufficiently close to the ground to draw up into the
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vaporized cloud metter fyom the surfacs of the earth. The rediomucleldes
prodossd by the explosion may be deposited on or incorporatad into thias
material depending upon whether or not it is nore or less campletely
fused or totally vapurized, After the firedball cools, the larger partislss
dsposit on the earth in a matter of mimutes and up to several hours after
the detonation, Thls scostitutes the local or newr-in or early fallous

. whieh for small weapons may extend out from the peint of burst a few
mlus and cover tens to a few hundreds of square miles whils for megaton
weapons it may extend out t0 & severel hundred o more miles and cover
thoupands of square milas,

Tropospheric or latitudinal fallout is a more delayed fallout of
the debris which either has not penstrated the tropcpause to the strat-
ogphere or if it has pemetrated into the lower stratosphere tha particle
gige 13 such that it comes down fairly reapidly. It oocurs over & period
of two or three weeks or a month or zo after a detonation and oonsists
of relatively fine material (a few micre to small fractions of a micron)
gusperdsd in the lower part of the almosphere, the troposphere, where
rain and other weather phencmens occur. It is carried arocund the world
in the same general band of latitude as that of its origin and does not
in any signifiecant amount ocross the equator. It is daposited on the
earthts surface by weather events, prineipally rain and snow and probably
to sme axtout by dew. Thus, the distribution of tropeospherie fallout
is determined germerally by the site of farmation; factors such as local

weather conditions and dishance travsled (in thousands of niles)
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determining regions of greater or lesser concentration. (26, 27)
Tropospheric fallout has contributed significantly to the radio-
active debris now encountered over the northern hemisphere as a result
of weapons testing in the Pacific, in Nevada and by the USSE.
Stratospheric fallout has somewhat different characteristics and
distributions. It consists of partieles which rise into the atwosphere
but which do not fall out either as near-in or early fallout or as
tropospheric or latitudinal fallout during the first month or iwo follow-
ing their formation but because of their small size are removed from
the upper atmosphere so slowly that thelr average period of suspension
is a matter of years. Machta stated that it 1s not known whether they are
carried down into the tropopause only by air currents or are slso carried
down by their own weight., He conjectured, however, that the principal
factor in removal is downward atmospheric motions, though the particles
may in addition settle downwards at a rate of a mile or so a year. Un-
fortunately, knowledge of atmospheric movement in the stratosphere is
8till very primitive and it will take several more years of intense
effort, much of it associsted with studies of nuclear weapons tests debris,
before one can make more definltive statements on this point,
There are two major hypotheses as to the distribution pattern of
stratospheric fallout which are being conaidered at the present time.
One is the relatively simple one of relatively rapid horizontal mixing
with more or leas uniform passage of the debris through the tropopause,
thence to be relatively uniformly distributed over the surface of the
earth as a result of tropospheric weather phenomena. In this case,

there would be essentizally no fallout where there is no rain at all and
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variations by fmotors of no mors than two to three at the most among
those areas where rainfall is moderate and heavy.

The other major hypothesie discussed at the fallout hearings was
that of Brewer of England (6). Machta described this theory of a slow
poleward circulation of stratespheric air from the equatorial regions
during which time the air may be carried to heights in the range of
100,000 feet. Accordingly, debris injected into the stratosphere at
11°N, the longitude of the Pacific test aite, would be transported in
lesser amounts to the Southern ﬁmphera with the lion's share moving
towards the Temperate and Arctic latitudes. Machta states (26, 27) that
it is possible that the formatiozi of new higher tropopauses by the passage
of storms in the Temperate latitude mey entrap stratospheric air into the
troposphere, and that the break in the tropopause found frequently in
the vicinity of the Jet stream 1& a place of preferentisl exchange of
air between the troposphere and the stratoasphere, A corcllary to this
would be less stratospheric fallout near the equator where the tropopauss
is very persistent and clearly defined as opposed to the polar regions whers
it is generally lower and less distinct. With present patterns of testing
this would mean a greater removal of stratospheric debris in the Temperate
and polar regions of the Northern Hemisphere with 1little or no debris coming
out near the equator and again some but lesser amounts of fallout appearing
in the South Temperate and South polar regions.

Actually the observed distribution of strontium-90 is similar to
that discussed by Machta. The only trouble here 1s that such a pattern
in the Northern Hemisvhere could be in large part a reflectlon of the

facet that the nations who have done the most weapons testing to date
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have done 80 quite ;xtensivoly in the N%rth Temperate Zone and farther
north., The observed fallout pattern might thus represent distribution

of tropospheric fallout, Undoubtedly, an appreciable part of the fall-
out observed in the Northern Hemisphere is the result of this mechanism
of transport, but whether this mechanism accounts for five or ten or

more mec Sr—90/h12 of the present average of 30 meo Sr--90/'mi2 in the USA

is at present uncertain. The pot collections of the AEC Health and
Safety laboratory in New York City (15) show jumps in the amount of Sr-90
colleoted during the winters of 1954-55 and 1955-56. There was a definite
increase in the slope of this cumulative tabulation at the time of Operation
TEAPOT at the Nevada test site in the spring of 1955, but the following

year the increase occurred prior to the beginning of Operation REDWING at
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the Bniwetck proving ground May through July 1956. In 1957 it preceded
Operation PLUMBBOB 4n Nevada (day 28 to Octcber 7). I% would appear
then that major increments in 5r-S0 fallout have cccurred seascually in
Now York Cldy, whether cr not tast activitdes were going on at the time.
This would suggest that these late winter fallouts contained a conslder-
sble amount of stratospherie debris. It i3 hoped that pobd smpling at
varicus sites around the world will determine vhether the increases ob-
served at New York and also at Pittsburgh are truly seasonal effects
charasteristic of these latitudes, sad if so, whether it is characteristie
for the South Temperate Zone and sven the Tropis Zome as well, Pot
samples vere being taken at the following stations es of October, 1957,
UNITED STATES

Birwingham, Alsbama e

West Los Angeles, Califormia

Coral Gables, Florida

Lenont, Illinods

Hew York, New York

Vermillion, South Dakoba

Salt lake City, Utah

QUTSIDE THE UNITED STATES

Vierma, Austria
Rio de Jansiro, Brasil
Santiago, Chile
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OUPSIDE TR UNITRD SYATES (oomtd,)
Bogeba, Dolestds
Cuayaquil, Bousdor
Quito, Eonador
Delcmr, French West Africa
Honoluln, Hmwmil
Mrostina, Japsn
Hagasuki, Japan
Kikuyn, Kenya
Earechi, Pakistan
Durban, Bouth Afyiea
Pretoria, South Afriea
Causewviy, South Rhodesia
Taipeld, 7Talwan
Bangkok, Thailand
GCood data from these stations will go 8 long wey toward olarifying

the ploture. At the samme time the ASC is sampling the stratosphere by

means of balloons up to 95,000 fest. This will provide same factual ine

formation on the concentrations of 5r-50 and other fission products at

different altitudes and locations in the stratosphere. A recently ine

augurated Department of Defense high altitude sampling program will be an

important supplement to this,
I beliove one can state with confidence that two or three ysars from

now we will have to depend much less on hypotheses and may sven have
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settled on & fim bagls the broad principles of strstospheric movement,
mixing and the mechanism of the ascape of nucloar debris to the tropoe
pause.

The Present Distridbution and imownhs of Fallowt Radicactivity

During the past several years seversl thousands of samples of fall-

out material on guwmed paper; in pots, in sell, in water, in milk and
othey foodstuffs and in humen and anisal borws and other animal tissues
have beon ecllocted in the United States and from all over the world,
They have been analysed for gross gawsa activity, mixed beta gemma sotiw-
ity, for strontiuwme-90, for osslum-137, ceriwm-1ll, bariwm-110, and a
nmber of other fissicon products as well as for induced activities. In
gereral, wo have as much or mcye fallcut on the Undted States as any-
where in the world outsdde of ruelear wsapons test gites. Furthermore,
average values of Sr-90 in soils and food supplies in Northern United
States are as high as ave found in other similarly large geographie
aress. There may, however, be in remote localitigs areas with greater

average soll content of Sr-90 of which we are as yet unaware, Likewlse,
we know that in 1956 in one area in Cardigan Wales, where the soil is
extrenely low in calcdwm (0.3 gms/Xg), bones from a sheep grazing the
area have shown as high as 170 yye 51-90/gm Ca.

Probably the most reliable index of total fallout to date in a
glven area iz to be found in analyses of carefully selected scil samples.
Dr. Iyle Alexander, 7.3, Department of Agrlculture, has been in charge

st
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of the United States soil sampling program and has collected many of
the samples himself, In the United States samples have been collected
pericdieally from 17 sites in addition to sampling for special studles,
On a world-wide basis 5] eltes were sampled in 1956 and most of these
sites are being resampled in March, 1958. Samples are collected from
level open areas uncultivated and with low ground cover such as grass.
Samples are taken usually down to & depth of two inches and agein from
two %o six inches in depth. The amount of Sr-90 found per unit area
sampled is readily converted to equivalent Sr-90 per square mile, For
the first several years of sampling the top two inches contained prac-
tically all of the Sr-90., Recent samples indicate penetration by some
of the Sr«90 to below this layer to a depth of several more inchea, It
has been olearly shown from these studies that in areas like Antofegasta,
Chile, where there is essentially no rainfall, there is practically no
Sr-90, 1.e., 0.02 in 1956 as compared with 2,0 Sr-90 mc/'mi2 in aress
within a few hundred miles with adequate rainfall (24). Sr-90 values
in soils collected along the equator the same year ranged only from 1.8
to 2.9 mc/'mi2 in areas with average annual rainfall of from 50 to more
than 100 inches.

The data presented by Mr. Merril Risenbud at the JCAE Hearings (13)
clearly indicate that in terms of Srb90/h12 fallout has been heaviest

across the Norchern United States. Pressni average values
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for that reglon are sbout 30 me/mi?. (We have no data from the great
lend mass enscwpasved by the USSR and Satellite States and Corweurdst
Chins).

Another msthod of sampling referred to earlier is by collestiom in
stainlens stesl pots. These ssmples give good estimates of the present
inoremends being added. Finally, there is the gusmed papar metwork
which though inhererdly less reliadle, was started in 1951 and has given
us data for estimating both cumulative Sx-90 depoeition and geoma doce
exposures. Food sampling activities have concentrated on milk from the
Chicago and Few York umilk shed areas as well as sapling of other food
stuffs both here and adbroad with special refaronce to foods which oon-
stitute principle sources of caloiuws in the diets of various pecples.
Peak Sre9%0 content of milk in these two regions has risen each year
athgwkzamm;,mzmmgs.éw%$mmﬂm,
1956, More recent AEC Health and Safety Labaratery/‘data for Paxry, New
York dried milk in tems of yye Sr-90/ga Ca follow:

MR

December 1956 - 3.16 April 1957 - 3.12
Janvary 1957 - 3.83 May 1957 - 3.91
February 1957 - L.02 June 1957 = L.59
Hareh 1957 - 3.00 Juily 1957 - L7k

August 1957 ~ L.25
The highest values recorded in the United States have been from Handan,
North Dakota, where in 1956 the average of the monthly samples was about
10 yue 5r-90/gm Ca with a high velue im May of that year of 17. lore re-
cent HASL data for Mandan powdered milk follows
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Januery 1957 - 444 April 1957 - 6,75
Pebruary 1957- 8.17 May 1957 -~ 9.79
March 1957 = 7.38 June 1957 - 10.91

July 1957 - 17.33

Interestingly enough, Rritish data on milk Sr-90 from aix loca-
tions for October, 1956, range from 4.6 to 10.3.(5). The same month
Mandan, North Dakota milk contained 8.9 ppe Sr-30/gm Ca and Perry, Hew
York milk 5.68, This was in spite of the fact that there was more
strontium-90 in the corresponding United States soils than in the United
Kingdom soils., Undoubtedly mil‘k‘ 8r-90 reflects to a significent degres
not only uptake of Sr-90 into the animal food from soil but also Sr-90
that has adhered to the plants in the field and hence has by-passed the
soil. Thua, the milk data to some extent reflect rate of fallout.

Analyses for Cs-137 have heen done on milk and other material
ineluding living humen beings and human urine. Anderson and Langham
(2) have put forth strong arguments for the concept that soil and plant
data on C8-137 which is generally very poorly taken up by plants but
is readily taken up by animals might be used as an index of acoumulated
fallout in soil and of rate of fallout onto plants. Hadioactivity
from Cs-137 in all anlyses are very small in terms of natural radio-
active potassium-40, in humans about 1/20th., Having e half-retention
time in the human body of about 140 days it is not likely to build up
significantly with a constant intaks, In other words, the Cs-137 con-
tent of humans reflects rather well the intake rate, while as will be
seen later, the Sr-90 content of humens reflects its build-up in the

scil and the Sr-9C to calecium ratic of the dist.



Semples of human bone from all over the world and representing all
ages have been collected by Dr. J. L. Kulp (12, 20) of Columbia University
and analyzed for Sr-90. The most recent data, 1956-57, indieate an
average in small children (a few months to a few years old) of about
0.8 pue Sr-90/gm Ca, Samples conteining more than three times this figure
have not been reported for this age group. Older children and adults run
appreciably lower. Intérestingly enough and not inconsistent with the
milk deta from Western Furope the Sr-90 levels in humen bone for the
United States and for Western Furope are not very different,

As mentioned earlier, such farm practices as leaving sloping ground
bare to erosion by water or by wind can move the fallout from where it
fell to some place of accumulation. This, of course, mkes for non- ¢
uniform distribution in an area.

The vertical distribution of fallout in a soil may be altered by



- 22 -

agrioulitural practices such as desp plowing, This changss the positicen
of the fallout with respect to the root some of the arops. In the case
of shallowwprooted crops such as some grasses and mauy vegetablss, the
desp plowing may materially reduce the uptaks of &x~90, A% best, one
san expeet only a fewfold changs in uptake by the plant from these mech-
anical soil treatments, Liming celoiumwpoor soil will scmewhat reduce
8r-90 uptake by redusing the Sr-90/caledm ratio,
he Effect of Fallout en Water Supplies

Tresh £adlcut onto surface waters, stresas, lakes and coeans is
quickly diluted unlike fallout on soil which at firet is conoentrated
mutwmmmmmxymmuamdmmm
plants, In fresh waters the Sr-90 ¢ taksn up by the plamt and amimal
1ife and eventually settles out in the laks bettom or the rud of the
river, Open waters also contain more or lass scil and powdersd rock in
suspension which may carry the S50 with it removing it by sedizenta-

tion,

In the case of water that comes from wells and springs the Sr-50
has been largely removed by filtration through the soils, Mixed fission
produet tropospheric fallout in open lakes and rivers has posed a problem
at the tims of fallout to certain industries like the photeographic film
industry, whieh involve processes requiring largs volumes of water which
must be sxtremely low in radiosctivity of any sort. From the standpoint
of effect on man fallout into waters from weapons testing has not con-

stituted a major concern, although drinking water made directly from
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melting snow has been found at times to contain levels of radicactivity
higher than that in the more usual sources. In the event of nuclear
war with high levels of fallout, much, indeed most, of it could be re-

moved by water softeners and ion exchange resins (21).

A few years ago, when the soil contained less fallout and the rate
of fallout was increasing, a mejor share of the Sr-90 in forace consumed
by livestock was from direct fallout on the vegetation. Since the level
has increased in the soil, the indications are that most of the Sr-90
now gets into the plant by way of the soil and root upteke. Experiments
with black-eyed peas, lima beans, and snap beans at Beltsville, Maryland,
during 1956 indicated that only a small part of the Sr-90 in the vegeta-
tion caina from dir;dt deposition'on the pléiit sul;facas. In situations
such a8 that reported by Alexander of alfalfa which was grown on two
very sandy soils in Illinois and derived its calcium from high calcium
subsurface horizons rather than from the plowed layer, the uptake of
Sr-90 was very small in comparison to vegetation that obtains its calcium

largely from the plow depth, where the Sr-90 occcurs.

# This and the following section are btased almost entirely on the
testimony of Dr. I[yle Alexande., Dr. Robert Reitemeier and Dr. Alan
Seymour in The gature of radicactive fallout and its effects on man,
Hearings before the Special Subcommittee on Radiation of the Joint
Committee on Atomlc Inergy, Congress of the United Ltates, May 27, 28,

29, and June 3, 1957, Part 1, pp. 5i2-523.



A mumber of studies of the uptake of Sr-90 have beon undertsken
with & variety of fleld arops. Considerable varistion oceurs from one
spesdes o another.

The cesium ion 13 30 firmly held by the scil surfaces that it is
nod readily avallable %o plants. Iikewims, the rare earths and plutoni-
un are littls taken up by plants from soils, hence, these slements
beccs of interest only to the extent that they are deposited diresctly
on foodstulfs or in wvater supplies. All evidence available puints to
a rather large disorimination factor for the uptaks of cesiwm from soil,
Hense)l and Heald found a factor of 50 in favor of the uptake of potas-
sium relative to cesiuwa, Evidence for discrimination against the uptake
of stromtilum relative to caloimm 1is conflioting. Under field conditions
&t 93 sitas in 11 states no discrimination, on the average, was found
betwoen the ratio of calcimm and strontium in alfalfa and wheat and the
ratio in the exchangeable form in the solls on which they were grown.
Ap Alaxander has said, there may be no gingle answer to the question “
but 1t seems that ona should not count on a large discriminatlion factor
against strontium,. " . . . At the present time in the United 3tates, we
can £ind forage that has 8r-90 to calciwm ratics that are lower than,
higher than,or equal to the ratioc of thess elements in an exchangeable

form in the éurzace horigzons of the scdls from which the forage came,®

These variations are probably due to unequal distribution of the fission
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products and exchangesbls e¢aleium in the soil, and variations in what
oonstitates the root some of these particular plants,
Strontiwe-90 and Ossime-137 in Meat and Milk
Ceniun-137 in the dlet of cattle is belleved tc oeme almost en-
tirely from direct contamination on the plant. That entering the scil
is bound up to about 99% and henoe 48 not taken up by the plant. What
Ce-137 45 ingested goos to blood and soft tisswes, The great bulk of
1 48 found in the body musels mass, lLike potassivs, 18 twrns over
£airly rapidly in the body with a half residence time in mmans of
about O days., In comtrast to the case with 3r-50 the body content
of C8~137 reflects more nearly the rate of intake and is not oumulative,
In other words, the equilibrium state 1s achleved in a few months, In
the cow, Ce-137 i3 exereted in the milk as well as in the urine.
Major sources of Cs-137 in our diets are thus meat and milk, Aa long
as the rate of testing in terms of fisslon product yield remeins what it is
0s~137 as an internal radioactlive contaminest in uman beings will be rel-
atively insignificant, (See earlier section on Cs~137/K-lO ratio.)
In masmals 5r-90, like calcdum, is found for the most part, over 993
of 1t, in the bone. Therefore, meat is exceedingly low in Sr-50 and is
2 relatively Sr-90 free and equally caleium-{ree item of the diet., Meatl
contains only about 10% the caloiws per umit of wet weizht that milk does.

SES

Uptake studies of Sr-9C in milk-res diets In rats, goats, and mmans
indicate diserimination azainst Sr-9C in favor of calcium of about 25%.
According to Comar, Sr-%0 in milk 1s less diseriminated against, about
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55% uptake in relation to calcium. FEquilibrium state studies in humans
or animals have not yet been done so this may be e pessimistic figure.
The cow does a very good job of discriminating against Sr-90 in the
formation of milk. The milk has only about 1/7th to 1/10th the stron-
tium-90/caleium ratio of the cow's diet. (1, 7, 8) Comar has described
some factor present in milk which if taken in at the same time tends to
increase the Sr-90/calcium uptake ratio from vegetables towards that of

milk itself (9).

The discussions which follow concern themselves with levels of
fallout and their biological effects outside those areas nearby nuclear
veapong test sites where "near-in® fallout may be heavy and where acuts -
effects such as radiation burns and whole body radistion injury would
be expected in unsheltered persons present in the area, The effects of
the latter sort of faliout are fully discussed in "Some Effects of Ionizing
Radietion in Human Beings" (30). It should be kept in mind also that
where reference 18 mde 1o the "present rate of testing" or "present
pattern of testing" we are not dealing with something relatively prscise
like the present birth rate, The number of weapons tested, the fission
product yield, and the relative amounts of fission product debris dis-
tributed as nearby fallout, latitudinal fallout and as world-wide
stratogspheric fallout have been different each year. In order to simplify
the picture when extrapolating to future testing, we have quite arbitrarily
had in mind effects thatwuld result were the patterns of testing prior

to 1957 or its equivalent repeated by 1965.
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At the present writing the exposure of humens in the U.S.A. to pen-
etrating external gamma rediation from fallout is at a rate of about
0.1 r (0.02 to 0.5 r) for 30 years according to the 1956 National Academy
of Science report;? L%‘esium-lB'? , which is the source of an tppreciable frac-
tion of this figure, has been shown by lLangham (21) not to concentrate in
the gonads above other non-muscle containing body messes so does not add
locally in a significant way to tha"éonadal dose from Cs-137 in the muscles
(0.03 r), other radionucleides in the hody and from Cs-~137 and other
radionucleides and cosmic readiations in the general environment.

Sr-90 lsvels in the bones of infants and young children average
0.8 p;uo/gm of caleium with an observed range plus or minus of no more
than a factor of 3. Adult bones contein much less Sr-90., There 'fo]lows

a table developed at & meeting of an ad hoc group called together by the
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Concentrations | Fredicted future | Fredicted consen~ Predicted conoen-
in children, | ooncentrations | tretions in 1975 | tratioms in 1975
£all 1956 from strootium-|{ from all Sr-50 | if past tests o
90 on ground be~| yproduced baftwe equivalant were
fore 1957 1957 repeated bafors
19635
o:;go Sr-90/g On 11;::;:96/3 On x‘g :: 305 3‘5 : gz
kto 10 mu};
yyc Sr-90/g Ca e 9r-90/g Ca

AEC at the suggestion of the Joint Committes on Atoxic Energy to at-
tmpt to estimate averags futare le.vels of Sr-90 in the population,
(The full text of & muwsary report of this mesting is to be found in
the JCAR Hmz:lxgs.)mF The figures and predictions semarisze the eonclu-
alons of the group and deal with the northwestern part of the U,3.A.

which 48 taken as representative of sn area with above average 3r-90

contamination with respeet to the werld as a whole,

The considerations leading to each of the three sstimates in the

last two colwmns follow:

‘ _ 3 g offe | _man, dearings before
the Soacia‘!. bubcom:nittee on Radiation of tho Joint Cormittee on Atomic

Fnergy, Congress of the United States, Washington Government Printing
Uffice, Parts 1 & 2, 1957,

i gty
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1. If the residunl stratospheric comtent vare to be depoo-
ited with wiform dlstridution over the surface of the
sarth,

2. On the assumpiion thad falloud of the residus) (1956)
stratoapheric coutent would have the ssme geographis
distridbution as the previous stratespherie fallmus.

3+ On the assawption that 550 injected near the equator
w2y be moving northward and entering the troposphers
preferventially above 0PN, in such a manner that the
fraotion of the stratespherie comtent falling ent in
these latitudes is inwreasing with time.

Badiation expeosure % the population ss a whole can be categorised

az follows:

Natural sources of exposure to gonods (sea level)  L.3z/30 yra.

Gonadal dose in U.S5. from fallout "at present

rate of testing® (0.02 40 0.5 Flesscecersrosses  0.,137/30 yrm,
Sr-70 dose to bome in 1975 to inhabitants of

rortheastern U.5.A. {rom present rate of - 4o

testing contimusd through 1965 cseeeecscrsssss 0,01 t0 0.07 r per yr.
1.3.,b71975 the dose £0 LONR sesessrsssscsnsns 0.3t 3.1

AR



are delnysd sffects, Were the mozt pessimistic views eventuslly proved
$0 be trus, Sthay weuld, if they could be neasured at all, appesr nod as
cloar-out events readily relsted to the cause, but 25 relstively swall
statistingl inoresasss in the muber of ceses of bLoms canoer, leukewda
and congenital abrorwmalities, or as a shartening of the aversge life man.

In the £101d of genstics there are two prineipal hasards with
whioh we are converned when we study the effecta of ionising rediation
s3 & watagenie agent, First, there is the possidie risk to the humsn
rage as a whole, .Mumm-mmanmma.
1 the entire race wers subjest to it, would result in a mutation rate
uieh would 1sad eventually to degradation of the species. On the
other hand, the maximun tolersble mutation rate for humans, tolsrsble
in the sense of survival of the race, is not knowm.

The other hasard 1s the danger to sme individuals, the personal
tragedies assooiated with the birth and life of a defective child, The
Hek oSemloR Cy Committes estimated that in the noamal course of events in
the next 30 years 100,000,000 children will be born in thls country and
that there will be among them some 2,000,000 with "tangible® genetie
defects. In the whols world 2,000,000,000 children will be born dhur-
ing the same period, of which seme 10,000,000 will have tangible genstic

R ITTp



dafesta, If LO r i3 deken as tw radiation dose per gensraiicn nsoces-
sary o doubls the presont "sponmtanecus® mutation rate, the 10 r dose
per genoration menticned in the N.A.8.-M.R.0, report as being tolar-
abls though not harmless would add in the United States alone 50,000
tangidle defects in the first generution and eventually after 20 to
gensyetions about 500,000 per gemeration, 1.e,, sdbout 16,000 per yoar,
A dose of 0,13 7 o the gonads per U5, genersiion is estinated tobe
inowrred fyom the pressnt rate of weapons testing. This would produce
in the first gerawvation an additional 650 peveons with tangible gemstie
defoats, and 4f this rate of exposmre contimued there would eventually
be 6,500 per generation. There weuld be in addition about 5,000 esdry-
onlo and neonatsl deaths, still-births and childnood desths in the
firet gonsration and sbout 50,000 per gensration eventually, There
would alse be @ lavger but unknown mmber of minor intangible defects,
Wers the dose received by the entire world populatien the ssme (actu-
ally it 15 lower) the figures would have to bs multiplied by 20, In
absolute mmbers they are large. On the other hand, when ons compares
them with the 2,000,000 tangible gemetic dafecte which are now occwrring
in each generation and the millions of embryonic, necnatal dsaths,
8till-birthe and childhood deaths frem genstic causes, they are a
small fractional increase. The effects of medical x-rays could be
said to be adding eventually about 1/13th to the present U.5. %otal,
while fallout "at the present rate of testing® would add an increent
of about 1/300th,

‘‘‘‘‘‘‘‘‘
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These [igures are based ¢n hundreds of experiments in frult flies, s
a fev very large experiments irmvolving hundreds of thousands of wies |
umwmm;oeam»bmmm,mmmm
pmﬂungwmambymuwamwwmmma
few man genctics studies in non-Arradiated populaticns. The esti-
mates are crude and mast de lmproved. 'There are nsaded additionzl care~
ful human genetics studies involving & tremsndous amount of work =
taking advantage of documented consanguineous marriages and using blood
types as well as grose indices of gerwiio changs, One of the big prebe
lems 1s the Iact that many human sbnornslities -~ in fact, nost - are
not clearly delinested as being genetisally determined c developmental
in origin, Indeed many of them, Jike mongclims, seem to be the result
of both genetic and envircrmental factors.
| It has beon genarally agreed that rediation mutations are cumulas
tive and direetly mrvportiomal to dose, dowm %o mero. TYet below 25 »
e studles have been dome in othar than single-celled organisms, Such
studies may never be done in meamals, {ov in order to test accurately
even a few logl at 25 r would require an expariment involving a million
or more individuals. This means that mueh more basic work will have to
ba dene at the macrow-molecular level to establish once and for sll that

R

the single hit concept of radiation induetion of gene mutation which
sesms to hold for bacteria, viruses and for the fruit fly held for
namnals as well al low dose rates and with low total doses, Mearmwhile
we must accept this hypothesis for there is little to no evidence to

the contrary,
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Life Spen

To the best of our knowledge, except for high level rediation to
vital orgaens, the life shortening effeet of lonizing radiation is the
result of total body expcsure or it may manifest itself in succeeding
generations as a result of genetic damage. ihere 1s considerable ex-
perimental data in small mammls on the effects of fairly large single
event whole body exposure, i.e., one to two hundred r and more given
elther once or repeatsd. There is considerably less information at
smaller dose increments. In general, it can be said that with large
inerements (100 r or more) there 1s a curtailment of life expectancy
from the time of exposure of approximstely 25% per ID/50. Thus, &
single dose of 200 r would be expected to reduce an individual's life
expeotancy from that point on by roughly 12.58. (28) With smaller inore-.
ments, severel r to upwards of 100 r, the affect in experimental enimmls
is less marked. Probably this can be explained on the basis of & partially
effective reparative process so that the curtailment of 1life expectancy is
a little less than 1% per 100 r. (4) If this holds for humens a group
of persons who had accumilated at the age of 45 years approximstely 100 r
in increments of several roentgens at a time and who would normally be
expected to live another 25 years would lose an average of 2-3 months

of their life span.
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There is no definitive information st low dose rates, 1,e., Oul r
per day or C,3 r per week, whieh 1s in the range of the permissidble
levels as recommended by the International Comission on Radiation Pro-
tootion, A few axperiments at these lewvels have been done in wmics and
rats, In each inctance the averege lifs span of the irradiated group
was slightly higher than that of the comtrol, It appears, however, that
the sparing offest is during wmiddle life and perhaps chronie low level
sxposure has scme sort of noowgpeeific effect by permitting survival
of experimental snimsls in the presence of gertain ectoparasites. In
any event, the longer-lived animals in the irradiated group do not live
any longer than the longerelived animals in the contxal group, The
causes of death in thess low dose level experiments are not notewrthy
though in one experiment thers was an increase in the nmumber of ceses
of loukemia, However, there was not a sufficient mmber of cases appeay-
ing early in life to swing the over-all statisties one way or ancther,
A dose rate of 0.13 r per 30-year reriod would reduce the average life
span by at the most a few dxys.

Laukenmda

The present Enxakﬁaia rate in the United States is eprproximately
11,400 cases per vear. It is an established fact in many axperiments
done on animals that larpe doses of radiation induce leukenmia. In
some experiments, although the total mumber of cases was not inoreased,
the onget was grestly accelerated b the radiation exposure., Though
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the data from the Atomic Bomb Casualty Commission in Japan are still
fregmentary and will not be complete for a number of years, they cen

be iterpreted as consistent with the concept that large single doses

of radiation to man do definitely inorease or accelerate the appear-

ance of leukemia (27). The data which have accumulated on the incidence
of leukemia asmong rediclogists 18 consistent with the hypothesis that
large total doses in the vicinity of several hundred to 1000 r end more,
even vhen recelved in small increments, are leukemogenio in some individusals,
Finally, the study of Court-Brown and Doll in Fngland on the inoidence of
leukemia in radiation-treated patients with spondylarthritis ankylopoietics
suggests that large doses of radiation to the bone marrow may result in
leukemia. (10) The control group for this study is sc small that one
really has no informstion on what the inoldence of leukemia in these
patients would have been without radiotherapy. However, if compared with
the incidence of leukemia generally among the British population as a
whole the effect is clear-cut. The available expurimental data from
fairly extensive studies indicate that depending on the type of leukemia
the induction curve may be either sigmoidal or linear. ¥For doses of less
then 100 r in humans and in statistically significant numbers of experi-
mental animels there are very little data, Whether or not there is a
threshold for leukemia induction by radiation is not definitely kmown.
While it has been generally accepted among students of leukemla that there
iz some dose of radiation perhape in the vicinity of 50 r below which
leukemia 1s not induced, Dr. E, B, Lewis of California Institute of
Technology (22), anéd Dr. Hardin Jones of the University of California at

Berkeley (17) have proposcd the hyvothesis that leukemla ianduction from
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ionizing radiation is a linear function of dose regardless of dosc rate
and ha;e suggested that for each mr exposure per year to the entire pop-
ulation of the United States there would eventually be an additional 10
cagses of leukemia per year, 1.e., about 40 cases per year ag a result of
fallout, Using this same reasoning there would be roughly an additional
3,333 cases per year were the population to receive 10 r of mn-made
radiation every 30 years, the exposure conslstent with the recommendations
of the N.,A.S, Committee on Genatics,

It has also been postulated that bone-seeking radioactive nucleids
such as radiostrontium might be leukemogenic. The present average body
burden of Sr-90 in children in the United States is slightly less than
1/100th the meximum permissible bone concentration for Sr-90 for ths
population as a whole. This has been given as 0.1 aleroourie for an
adult, 1.s., 100 micromicrocurie per gram of calcium. 100 ppo/gram
caleium would lead to an exposure to nearby bone marrow of about 0,14
rad per year, and thai is, about 10 rad Ian a 1life tims or leass than 5
rad in 30 ysars. If Lewis! hypothesis 1s correct, that leukemia induc-~
tion is linear with doge 1o the bone merrow, and were all the bone merrow
to receive this dose, which 1% do=s not, such a body burden for all
people in the United States could mean zn additional 5-10% increase in
leukemia (500 to 1C00 casas) each year. Lhere is a considerable body of
experimental data indlcating that with large cingle dosss lsukemia doss
not result if a fair fractlon of the hamatopoletic system is snielded

from total bedy radiation, "ith a certaln type of mouse lymphoma, even

T s moas . Ea -~ s - - > w as a N = ~

Berkeley (17) have proposcd the hyvothesis that leukemla ianduction from
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effect of & large single exposure to radiation (18). One of the problems
in attempting to estimate the lsukemogenic effects of relatively low
doses of rediation is that we do not know the proportion, if any, of the
preaent incidence of leukemia which may be the result of natural radio-
activity. Undoubtedly, hereditary factors play a role, Carcinogenic
hydrocarbons are known leukemogens (29) while in experimental studies
susceptibility to rediation induced lsukemia can be appreciably altered
by artificially induced endocrine imbalances (19). It is logical to
agsume that endocrine :‘aoters as well as chemical and hereditary ones all
play mjor roles in determining the "natural incidence™ of leukemis.

It appears then that if leukemia in general or even one type of
leukemia éan be the result simply of a radiation~induced somatic muta-
tion untempered by homeostatic factors, fallout at the present rate of
weapons testing could, on the baslas of certain assumptions as to the
nunmber of cases of leukemia due to bmckground radiation, result in this
country in some 30-40 additional cases per year or about 1000 per gen-
eration., The sams assumptions lead to a figure of 900 cases per year
as the result of medical x-rays (27,000 per generation). If small
amounts of Sr-90 relatively uniformly distributed in bone can indeed
produce leukemia in the manner postulated by lewls, fallout from con-
tinued weapons testing "at the present rate™ could eventually lead to
35 to 250 additional cases per year (1000 to 7000 per generation). To
complete the story, one must keep in mind that co-carcinogenic factors
and additive factors mey in certain susceptible individuals prepare the

bway for a small dose of radiation to trigger a case of leukenmia,
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Bone Cancer
The present inoldence of bone sarcoms in this country is about

2000 cases annually. What, if any, part of this is the result of na-
tural radioactivity is not known. It is quite apparent from the observatias
of radiotherapiasts thRt a dose of external radistion of something more
than 1000 r given locally to the bone is required to induce cancer, and
cancer induetion by doses of less than 2000 r is a very rare occurrence.
As to the induotiom of oancer by chronic irradiation from bone-seeking
radionucleids we have a considersble body of date in humans (3, 24).
Practically all of this information desls with exposure incurred during
adult 1ife, In the recent studies ten of the fif'ty persons who received
radium therapeutically were discovered because of symptoms attributable to
the radium such as bone marrow, while of the iwenty-eight luminoms dial
workers studied sixteen came under observation because of symptoms. Aihus,
they represent a heavily biased sample, In order to achleve a more complete
pilcture of radium and mesothorium toxicity in husmns studies have begun on
several hundred additional exposed persons not known to have sympioms at
the present time. Briefly it can be stated that no case has come to our
attention bf bone cancer in an individual exposed to nure redium salt in
adult 1life who had left in him at the time of observation (usually 20-30
years after the material was ingested) less then 1.3 microcuries of radium.
The National Committee on Radiation Protection and the International
Commission on Radiological Protection have taken a 1ittls less than

1/10th of this figure, 0.1 microcurie, as the permissible radium burden
for adult workers and 1/10th of that or 0,01 nc for the population as

a whole. "“ith radium the exposure toc the bone is not uniform. If it
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were, a person with 0,01 microcurie would be getiing approximately 4

rads per year to the bne and one with one mierceurie would get approx-
imately 40 rads per year. Since radium distribution tends to be spotty
one must think in terms of localized areas receiving 10 or more times

this average exposure. On the other hand, Sr-90 tends to be much more
evenly distributed in bone. This would be especially true in growing
bone., The radiation from Sr-90 is:a moderately energetic beta rey as
opposed to the princimally very short range alpha radiation from redium.
The dose to the bone then will be much more uniform. There is experimental
work in mioe (14) indicating that at higher dose levels the more uniform
the distribution of the radiation 1n bone the more tumors are produced.

Ons hundred puc of rediostrontium/gm calcium, the presently considered
permissible body burden for the poi?nlulation 28 a whole, would give about
0.28 rad per year or 20 rad in 60 years, i.e., three times the exposure
rate to bone from naturally occurring radicactivity or from 4 to 28

times that from the Sr-90 body burden estimates for 1975 referred t o on page

.——*'

Experimental work in mice and dogs at low body burden levels 1s
incomplete, but the evidence to date seems quite clear that the curve
for bone tumor formation in mice is either steeply sigmoidal with much
less relative effect at low doses or t hat there is asctually a threshold
at about 10 microcuries per kilogram at body weight. In other words,
very few if any bone arcomas will result from 100 uuc Sr-90/gram of

caleiunm (14).
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World-Wide Fallout Effects in the Fvent W

Assuming that "the present rate of testing™ lies somewhere between
5 and 10 megatons of fission per year, we can very crudely extrapolate
to the world-wide effects of a nuclear war localiszed to the Horthern
Hemisphere, In areas not actually involved in near-in fallout for each
1000 megatons of fission one would multiply by from 100 to 200 the
first generation effacts, the posaible inocrease in leukemia cases, and
the effedt on average life span as estimated above to result from the
"present rate of testing’. Any Sr-90 effects would be ten to twenty
times those which might result from tests carried out prior to 1957.

This of course assumes a megaton to kiloton detonation ratic and pattern
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(surface bursts to air burst retlo) compareble to that which has per-
tained in weapons tests to date,

Caution should be emphasized in such extrapolations becauss owr
ﬁm»wbm&udmﬂ%hﬁ%umxﬁnchmm
or wore times higher than for Southern Hemisphere countries. Further-
more, & mclesr war would be zs a aingls event, not a continusd rabe,
For instance, the gorwtic effects from gene mutations induced would
oot bulld up to an equilibrimm, bub would gradeally fall off after the
first genergiion to that omsistend with the then existing “residual
background® exposure, Idkewise any postulated rise in the mmber of
leukemia cases resulting from extermal whele body exposurs would be
limited to a gingle generation exvept as the "background® exposure was
to a legser extent reised by the Ce-137 of half 1ife about 28 years.
n the other band, any Sr-90 effscts would involve several gererations
but in dlwinishing degree,

SHYARY
The blologleal effects widoh may be incurred i1f past atomie tests
o their equivalent are repeated by 1965 may be swmarized as follown:

1. Qenetic Effscts

The estimate for the genelic effects in terms of gens mutstions
iz based on & wealth of selentific data and whils not absolutely proven,
the burden of proaf should lie with those who question it, The esti-
nmates indicate an inorease in the pressnt incidence of “tangible®



bion
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guntic Mdafucts in the U.8.4. by o faotor of 1/3000 and AL the added
thons the ineremsnt after 20 %0 30 zeneretions would be 1/300th, Fur
e wordd populstion as & vhele the ircreaps weold bo scuewvhat less.
459 3 .« AL LA

Thers would be an average curtailment of 1ife epan of 20 Bore than
tdﬂﬂ_g/i“l&

3‘
f basis for the wper linit of increase in leuckewia ssses i

/

st1)] in the roals of hypothenis, thersfore, the estimate would e
betmon esesntially no incresse to as wuch as 3/LOth over the presemt

{

/
incidense rute of 11,400 cases per year Ain t2is comidyy. it

/

¥hethar or not there would bo any incresase in bene canoer is Jues-

tionadble. In any svent it wonld be very small,

All of these estimates which in absolute mmbers add vwp %o a fipne
well below jresent day xperionce with sccidental desths sssme thab
there will b0 no further sdvances in the Llolorical sciences with yes-
peetmtmwmm treatmont of leukemia and bons canter, and
in our abi}ﬁty to counteract or protect agalinst the rutasendic effects
of 19{&311{; radiation,

Acknowledgments
The author appreciates very much the assistance given him

in thie preparation of the manuseript by Dr, Forrest Western, Assistant
Dir¢jetor for Radiation Protection, and Hal Hollister of the Fnvironmental

Sciences Branch, both of the Division of Biology and Medicine, USAEC,
vho made many helpful suggestions in the preparation of the manuseript,.



1.

be
56

10'

11.
12,

- 43 -

Referenceg
Alexander, George V., Nusbaum, Ralph E,, MacDonald, Normen S,
(1956) 4. Biol. “hem, 218, 911-919.
Anderson, Frnest C., Schuch, Robert L., Figher, William R,, Langham,
Wright (1957) Science 125, 1273-1278;

on Radiation of the Joint Conmittee on Atomic Energy, Congress of the

United States, Washington Government Printing Office, Part 1, 1957,
752-765 (hereafter referred to as JCAE Hearings).

Aub, J,. C., Evans, R. D., Hempelmann, L. H., Maitland, H. S. (1952)
Medicine 3], 226-239.

Blair, H, A. (1956) Univ. Rochester ARC Project Report UR-442.
Booker, D. V., Bryant, F. J., Chamberlain, A. C., Morgan, A., Spicer,
G. S. (1956) A.E.R.E. HP/R 2182,

Brewer (1957) JCAE Hearings ], 148.

Comar, Cyril Lewis. (1956) Radiolgsotopes in the study of minera]

metebolism, Pergamon Press.
Comr, C. L. and Wasserman, R, H. (1956) Progress in Nuclear Fnergy,

Series VI, Biol. Seoi. 1, 153-196.

Comr, C. L., Wasserman, R, H., Nold, M, M. (1956) Proc. Soc. exp.
Biol. 92, 859-863,

Court-Brown, W. M. and Doll, R. (1956) Brit. Med. Research Counecil,
Appendix B, Cmi. 9780.

Dunning, Gordon M. (1956) Nucleonics 14, 38-41.

Fckelmann, Welter R., Kulp, J. lawrence, Schulert, Arthur R, {1958)

" Seience 127, 26627/,



13.

15.

16,

17.

18.

19.

20.

21.

23.

2.

25,

26,
27,

28,
29,

30.

- ld -

Eisenbud, Merril (1957) JCAE Hearings ), 557-575.

Pinkel, M. P. Texas Rep. Biol. Med. (in press).

Harley, Jomn H,, Hardy, E. P., jr., Whitney, I. 8., Eisenbud, Merril
(1957) JCAE Hearings 1, Fig. 5, 602.

Hartgering, James B., Schrodt, A. G. (1957) JCAE Hearings ], 725~741.
Jones, Hardin B, (1957) JCAE Hearings 2, 1116-1136.

Kaplan, Henry S, (1954) Cancer Reas. l&, 535-548.

Kaplan, Henry S., Nogareds, C. Susan, Brown, Mary B. (1954) Recent
Progr. Hormone Res. 10, 293-333.

Kulp, J. lawrence, ¥ckelmann, Waltor R., Schulert, Arthur R. (1957)
Sclence 125, 219-225; (1957) JCAF Hearings 1, €94-704, 705.

Lacy, William J. (1957) JCAT Hearings 2, 2054~2056 (and references cited).
Langham, Wright (1957) JCAE Hearings 1, 741-751.

Lewis, . B. (1957) Science 125, 965-972; (1957) JCAE Hearings ],
962-977.,

Libby, Willard F, (1956) Proc. Net, Acad. Sei. 42, 945-962; (1957)
JCAE Hearings 2, 1227-1229, 1373.

looney, W, B., Hasterlik, R. J., Brues, A. M., Skirmont, E. (1955)
Amer, J. Roentgenol. 73, 1006-1037.

Machta, Lester (1956) JCAE Hearings 1, 141-169.

Machta, Lester, List, R. J,, Hubert, L. F. (1956) Science 124, 474-477;
(1957) JCAF Hearings 1, 162-169,

Moloney, William C. and Kastenbaum, Marvin A. (1955) Science 121, 308-309.
Nat. Acad, Sci. Report (1957) JCAE Hearings 2, Appendix 4, 127,

Shay, H., Gruenstein, M., Marx, H. E, and Glazer, L. (1951) Cancer

Res. 11, 29-34.



- A5 -

31. Sondhaus, C. k., Sharp, Robert, Bond, V. P., Cronkite, F. P. (1956)
USAEC T.1.D.-5358. |

32, Van Middlesworth, L. (1956) Science 123, 982-983.

33. Western, Forrest (1957) JCAE Hearings 1, 499, 50,.

34. Nat. Acad. Sci., Nat. Research Council. (1956) The Biological Effects

of Atomic Radiation: A Report to the Public.



