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Introduetion

There are several factors in the present interest in radicactive
fallout from muclear weapons. Rxuvept for the rwmarks contained in
this introductory section, this discussion will de largely confined
to the technical and scientific considerations emmerated in the fole-
lowing paragraph.

From the soientific point of view, one is ccncermed with the
smounts and types atru&mun material producnd_‘oy detonations of
miclear weapons, the mechanisms invelved in local and werld-wide dis-
tribution of fallout, incerperation in the food chain and eventual
uptake by human beings, estimated exposures of the whels body and of : sssios
particular crgans of the body to radiation from fallout both outside
and inaide the body, and with posaible bilological censequences to

both the present gensration and suoceeding generatioms. Obvicusly,
this cannot be viewed solely as an academic exercise. From the point
of view of cur interest in human welfare, concern for possible harm-
ful effects on this and future gensrations immediately comes to the
fore and constitutes 2 mrimary factor in our interest in the subject.
At this point 1t becomes necessary to diatinguish between one's
intersest in fallout from tests of nuclsar wexpons, per se, ami one's
interest in the development and teating of muclear weapons in relation-
ship to sueh questions as international relations and nuclear warfare.
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while many poepls were willing, prior to 195k, to lot the menmcry of
the sffocts of the atemie bomd on the pecples of Hiroshima and Nagh-
sell grow dim with the passage of time, and thomghts of a possible
future var iavelving atemioc weapons tock on a nore and more hypothetd-
cal cast, the fact that Japansss fishermen and the Marshall Island
patives some 100 wiles from the detomation of a large test device en
Harsh 1, 1954 received sufficient fallout to cause skin burns and clear
ouh effects on the blood-forwing organs onoe agaln suggested the
possidls horrors of & molear war,

What capturedfhs imagimticn was the realisation thet in addition
0 radiation, blast and thormal effects at the site of a megaton burst,
whols cities downwind might be involved with purely radiation affects
with no fires, no falling bulldings, no traumatic injuries at all,
This concern is enhanced as it has becase appavent that there could be
& long~-term hasard as well. In addition to delayed effects from ine
creased radiation exposure at the time of the bombing some of the falle
out material remains radioactive for years and could thus censtitute a
continuing hasard,

Alzo inherent In current discussions of falleut is the matter of
vhethar or not the inited States shonld 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 becams intimately involved in many
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peoplels snotioms. During the 1956 Presidential election campaign it
o becane a politioal issue. Sewme parsons who bellevs that a strong
wilitary position incresses the probability of a major war have urged
the bielogisal effects of falloud as a reason for ceassation of weapons
testa and have played up unoartainties in our setimates of the wper
lixits of peseible biologissl hasards of radiation from falleut. Otherw
belisving that a strong miditary position is vital to our national wele
fare, have disescunted thess uncertainiies, Both may be assumed %0 be
motivated Yy & strong desive for netional secarity and world peace and
%o be sinoere, although not alusys wholly cbjective, in the relative
Inportance which thay aseridbe te falloud from weapons tests or to

woapons tests themselves., indoubtedly, many citisens who consclentiocusly

sbhor war have found an cutlet for thely eactions in sampalgning aga&mt
the testing of muclear weapcas., Unfortunately, cessation of testing,
particularly on a unilateral basis, doks not af iteelf even begin to
regolve the intricate provlems in hwman relationships which have in

the past repeatedly led to war,

Another difficalty is one of achieving a proper parspective in
doaling with the mamner in which the effects which might be produced
by fallout would appesr., The unknown is always difficult to grasp and
ongenders fear until it becomes known or can be related to scmething
familiar, The fact thal many of the effeets from fallout from nuolear
testing are ones which do not become apparent at once is balfling te
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the majority of people and the £ach thal Shey esuld be produced by
something as imtangible as radioactive atoms lends the subjecst & welrde
muthﬁisuardtédupol.

We have a situation quite the reverse of what has persained in
thwt\dﬁhmgetkmﬂapmm. Smallpox, cholesrys,
MW£qumwrymmmmmhmtm
devestating fashion decimated whole pepulations, ‘nuprf&lumto
sesk the cause and elimirate it by saxdtation or by lmmunixing the popu-
1stion 40 the specific causative organiss, With rediation hasards
whether from fallout, from wedpons tests or from the medical uses of
x-pays it is otherwise. There are no formidsble pressing measureble
aﬂmtwvhiehtomkam. One. can with varying degrees of
confidenne predict effects frem the present rate of muclesar weapons
testing that can never be measured or clearly identified with the spo-
¢ific cause. Yot each predicted effect 1s described in the fom of
some well-known tragic ovent -~ a deformed or weskened child, leukemia,
bone cancer or the vague but seemingly familiax "prematures death.?

The problem here 13 Lo find some means of comparing the radiation
hazards inherent in fallout and in the medical and industrial uses of

atonic energy with some more famlliar natural or man-made hasard which
is presently accepted for one reason or another. Thers is & natural
tendeney to reject comparisons with the hagards {rom such a famillar
Lthing as fire. Flre exacts 10,000 lives a year in this country and at

the present rate 300,000 per gemeration., It scars and maims many



thousands more. The autamcbile, & vary real sywbel of modern eivilisa~
tion, 1s the canse in the Umited States alome of seme LO,000 deaths and
2 ke mumbey of maimed sach year «- at the pressat rate mors than a
m«mmwgmﬁm Siuilarly, psople rejesct comparison
with the deaths and injuries which are very substantial and sine qua
non for the non-atemiso aspeets of ocur natiomal defense sffort Snoluding,
of ecurse, aviation. I suspect one of the reasems for this 4o the
stmorplacs nature of the fncddents which lsad to death and inhuory,
Thay ars recorded in our newspapers daily, A hasard more comparedls
to that of rediation -~ mmeg or alr pollution -~ eanmot be used for
eonparison simply becanse we have no comparabls body of knowledge upon
which t0 base an estimate of the poseibls deleterious effects on our
citisens. For radiation, and espeaially radiatioen from fallout, is the
only oontemporary man-nsde general anvirommental hassrd about which we
have sufficlent information to define it ad all, and because we can
dafine 16 there is a greater obligation to kesp it minimal,

The present level of exposure from medical and dental x~rays
(L r 10 30 years) is of abont the same magnitude as the exposure frem
matural sources of radiation. The present level of radiation exposure
from fallout from weapons testing to date and future levels ab any
realistic rate of weapons testing, whether by one nation or by many,
are sven lower (0.02 to G5 r in 30 years)., They are a fraction of the
matural radiation exposure to which man and other living things have
always been subjected., In fact they are far below those which have
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been employed in experimental work in order to demonstrate detectabls
pathologle o genstio changes,

By the spring of 1957 the pres and cons of the hasards from radics
aotive f£allout from nuclear weapous tests were being hotly debated
in the lay journals and svwn to some extent in scisntifis publications,
Thus, 1t was not swprising that on April 18, 1957 the Joint Cosmittee
on Atomie Evergy, whish had for nearly a year been ascoumulating backte
ground information om fallout, fosmed A spesisl subooemittos on radis~
Won for the purpose of condusting open hesrings on the entire subject
of the "Hature of Radicactive Fallout and Its Effects on Men.® Congressw
man Chet Holifield is Chairean of this Committes. These hearings took
place between the dates of May 27 and June 7, 1957 and the hearings
thesselves together with the sbundant appendices in the printed text
of the hearings, constisute the most complete body of information and
authoritative statements on the subjeot available now. With very few
axcaptions the material whieh will be covered in thds paper is either
contained or referenced in the printed text of the hearinga.

It should be made clear ad the outset that the author has dons
none of the scientifie work discussed in this paper although for a

ERb

msber of years he has been intimately asscciated with the bicmedical
research program of the AEC whioh sponsored a very large share of it.
Enough cannot be said in recognition of the many scientists who have
worked so hard to develop sush information as we now have available on
ths subject. This they have dons tirelessly and even enthusiastically
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in spite of the Cact that maxy of them wouwld have preferred other cut-
lots for thelr scientific talands more basie and perhaps nore glamorous,
They recognised the importance of the problem and have pitched in when
&nd whersver they could make a contribution to cur knowledge of the
mbjest, regaydless of where their research support cams from and re-
gardleas of the implications of their chservations insofar as tending
tc inaxease or decreoaze cwrrent estimates of the hasards of fallout,

The detomation of muwlear devices produces fission products in
greater o lesser amounts depending om the characteristies of the par-
ticular device used. The smaller devices, those in the thousands to
several hundred thousand tons THT squivalent rangs, produce w«:—_
plosive foroes by nuclear fission giving rise %o proportionate amounts
of fission producta while so-called B-bowbs, bombs in the million-ton
range, may derive less than 10% of thedr explanive force from fisaion.
Thermonuclear reactions per so may give rise o tritium (radiocactive
hydrogen) while the nsutrous produced in the reacticns produce redioe-
agtive carbon from the ritrogen in the atmoaphere, The amount of
carbon-1l; produced is mmall relative to that normally present in the
atmosphere, so that with a half-l1ife of the order of 5000 yesrs its
activity is not significant when compared with the amount of fission
product activity resulding Lrom the fission reactions. In addition,
the neutrems produced by nmuclear devices detonated on the surface of
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the earth or on towers and the like induce radicactivity in a variety
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-1ife 310 days, Si-131 half-life 2,6 hours, and Cl-38 half-life
37 minutes, s;dium-ZA half-life 14.8 hours, Meesurable amounts of
' Zn-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 gamma ray emitting isotopes in near-in fallout may constitute
the principal hemsrd to unshielded psrsons as was the case with the
Marshall Islanders on the ATOLL of Rongelap at the time of the Msrch 1,
1954 detonation (31). PFrom the standpoint of possible damage from radio-
isotopes which may be ingested or inhaled soon after fallout the dose to
the thyroid gland, t¢ the gestro-intertinal tract and to other regions of
the body from I-131 with & half-life of eight days, and Ha-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 havs been identified in f£allout
and in blological mmteriel, plants, animals, and animel 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 area (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 importance with
fallout (off-site) from kiloton range tests. Hartgering's studles suggest
that under these circumstances the amounts are small in absolute terms and
that the radiocactivity may galn access to the humen body by inhalation
rather than by going through the food chain., From the standpoint of the
long-term world-wide fallout haszard, however, these isotopes are of litile
concern,

The important fission producte from the standpoint of world-wide,
or delayed fellout, are Sr-90 and Cs-137 with half-lives of 28 and 27
years, respectively. Their importance in delayed fellout 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-144 of half-life 275 days is also reedily
taken up by the body. It belongs to the rare earths and is not readily
taken up by plants. Having an intermediate half-life it might be of some
concern were it present in greater quantities than it 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
plutoniun disseminated by a nuclear detonation may be greater than the mess
of strontiun-90 or of cesium-137 it is taken up very poorly from the soil
by plants -— 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
vhich may be present in the food. Adding to these facts knowledge of the
amounts actually dispersed In nuclear tests one can readily dismiss Pu

as unimportant in the long-term fallout problem.



Before discussing the three general types of fallout, it ig well
to call attention to the fact that a deep underground burst suoch as was
accomplished in Nevada in September 1957 is completely oontained 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
.yield, 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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vaperised cloud matter froem the surface of the sarth. The radiomclolides
prodused by the explosion nmay be deposited on or incorporated inte thias
material depending upon whether or not it Lis nore or less caxplstely
fuesd or totally vaporised, After the fireball cosls, the largsr partisles
deposit on the earth in a matter of mimutes and up to several hours after
the detonation., This scowtitutes the losal or near-in or early fallout

- which for snall weapons may sxbend out from the pcint of burst a few
mles and cover tens $o0 a few hundreds of square miles while for megaton
weapons it may extend cut %0 & several hundred o more miles and cover
thoupands of aquare wiles,

Tropospheric or latitudinel fallout is & more delayed fallout of
the debris whlch either has not penstrated the tropcpauvse to the strat-
osphere or if it has pemetrated into the lower stratosphers tha particle
sixe 13 such that it canes down falrly rapidly. It occurs over a period
of two or three weeks or a month or so alter a detonation and consisis
of relatively fine material (a few ndore to small fractions of a micron)
susperded in the lower part of the almosphers, the troposphers, where
rain and other weather phencmens occur. It is carried around the world
in the same general band of latitude as that of its origin and dees not
in any zignificant amount oross the equator. It is deposited on the
earthts surface by weather events, prineipally rain and snow and probably
to some axtont by dew. Thus, the distribution of tropospheric fallout
is dotermined gererally by the site of fomation, factors such as local

weather conditions and digbance 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 radlo-
active debris now encountered over the northern hemisphere as a result
of weapons testing in the Pacific, in Nevada and by the USSR.
Stratospheric fallout has somevhat different cheracteristicas and
digtributions. It consists of particles which rise into the atmosphere
but which do not fall out either as near-in or early fallout or as
tropospherie or latitudinal fallout during the first month or two follow-
ing their formation but because of their smell size are removed from
the upper atmosphere so slowly that their average period of suspension
1s a matter of years. Machte stated that it is not mown whether they are
carried down into the tropopsuse only by alr currents or are also 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 stratosgphere is
8till very primitive and it will take several more years of intense
effort, much of it associated with studies of nuclear weapons tests debris,
before one can meke more definitive statements on this point,
There are two major hypotheses as to the distribution pattern of
stratospheric fallout which are being considered at the present tiwe.
One is the relatively simple one of relatively rapid horizontal mixing
with more or less 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 essentially no fallout where there is no rain at all and
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variations by fmotors of no more than two to three at the most among
those areas wherse rainfall is moderate and heavy.

The other major hypothesis discussed at the fallout hearings was
that of Brewer of Pngland (6). Machta described this theory of a slow
poleward circulation of stratospheric air from the equatorial regioms
during which time the air may be ‘fcarried to heights in the range of
100,000 feet. Accordingly, debris injected into the stratosphere at
11°%, the longitude of the Pacific test aite, would be transported in
lesser amounts to the Southern H&ninphera with the lion's share moving
towards the Temperate and Arctic latitudes, Machta states (26, 27) that
1t is possible that the formation of new higher tropopauses by the passage
of storms in the Temperate latitude may entrap stratospheric air into the
troposphere, and that the break i.‘n the tropopsuse found frequently in-
the vicinity of the Jet streanm is a place of preferential exchange of
air between t he troposphere and the stratosphere, A corcllary to this
would be less stratospheric fallout nesr the equator where the tropopause
is very persistent and clearly defined as opposed to the polar regions where
it 1s generally lower and less distinct. With present patterns of testing
this would mean & greater removal of stratospheric debris in the Temperate
and polar regions of the Northern Hemisphere with 1ittle or no debris coming
out near the equator and again som® 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 is that such a pattern
in the Northern Hemisphere could be in large part a reflection of the

faet that the nations who have done the most weapons testing to date
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have done so quite thensiwly in the Ngrth 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

mors me Sr-90/m12 of the present average of 30 mc Sr-90/m12 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 amownt of Sr-90
collected during the winters of 1954-55 and 1955-56. There was a definite
incresase in the slope of this cummlative 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 Eniwetck proving ground May through July 1956. In 1957 it preceded
Operation PLUMEBCB 4n Nevada (May 28 to Ostober 7). I% would appear
then that majer increments in 5r90 fallout have cocurred seasomally in
New York City, wvhether or not test activities were geing cu at the time.
This weuld suggest that these late winter fallouts combained & consider-
sble amount of stratospherie debris. It is hoped that pod smpling at
various pites around ths world will determine wvhether the increases ob-
served at New York and alsc at Pittsburgh are truly seasonal effects
charagteristic of these latitudes, sd Lf so, whether 1t is charssteristis
for the South Temperate Zune and even the Tropis Eome as well., Pot
samples vere being taken at the following stations as of October, 1957,
UNITED STATES

Birmingham, Alsbams

West Los Angeles, Califcrmia

Coral Gables, Florida

Lenont, Illinols

Hew York, New York

Vermillion, South Dakota

Salt Lake City, Utah

QUTSIDE THE UNITRD STATES

S

Vierma, Austria
Ric de Janairo, Brasil
Santiago, Chile
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OUZSITE THE UNITED SYATRS (comtd.)
Bogets, Oolosbis
Cuayaqull, Eousder
Quite, Eonador
Delear, Fronch West Africa
Honolulu, Rawmil
Hiroshing, Japsn
Hagsaaki, Japsn
Kikuyu, Kenyn
Earechi, Pakistan
Duyban, South Afriea
Py ‘lﬁl" I.’ South Africa i
Causevay, South Rhodesia
Taipel, Talwan
Bangkok, Thalland
Good data from these stations will go s long wey toward clarifying

the pieture. At the same time the ASC is sampling the stratosphere by

mesns of balloons up to 95,000 feet, This will provide some factual ine

formation on the concentretions of S5r-50 and other fission products a%

different altitudes and losations in the stratosphere. A recently ine

augurated Department of Dafense high altitnde sampling program will be an

important supplament to this,
I believe ons can state with cenfidence that two or three years from

now we will have %o depend much less on hypotheses and may sven have
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setiled on & fim bagls the byroad princdples of stratospheric mevement,
mixing and the mechantism of the sscape of nucloar dsbris to the tropo-
pause,

The Present Distridbuiion and imocunks of Fallout Radicactivity

During the past several years sesveral thousands of samples of falle
out material on guwmed paper, in pots, in sedl, in water, in milk and
other foodstuffs and in Mumen and animal borws and other animal tissues
have been eellocted in the United States and from all owver the world,
They have been analysed for gross gamms sctivity, mixed beta gamsa sotiwe
1%y, for strontime-90, for osslum-137, cerius-lll, bariw-110, and a
nwber of cther fission products as well as for induced actividtdes, In
gereral, we have as much or acye fallcut on the United States as any-
where in the world outadde of ruclear weapons test xites. Furthermore,
average values of Sr-90 in solls and food supplies in Northern United
States are as high as are feund in other similarly large geographie
areas. There may, however, be in remote localitiss areas with greater

average scil content of Sr-9C of which we are as yet unaware, Likewlse,
we know that im 1956 in one area in Cardigan Wales, where the soil is
extrenely low in calcdwm (0.3 gma/Kg), bones from a sheep grazing the
area have shown as lLigh as 170 yyc Sr-90/gm Ca.

Probably the most reliable index of total fallout to date in a
glven area i to be found in analyses of carefully selected soil samples,
Dr. Iyle Alexander, ¥.3. Department of Agrlovlture, has been in charge

bl
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of the United States soil sampling program and has collected meny of
the samples himself. In the United States samples have been collected
poricdieally from 17 sites in addition to sampling for special studies,
On a world-wide basis 51 gites 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 groumd cover such as grass.
Samples are taken usually down to a depth of two inches and egein from
two to 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 inches, It
has besen olearly shown from these studies that in areas like Antofegasta,
Chile, where there is sseentially no rainfall, there 18 practically no
Sr-90, i.e., 0.02 in 1956 as compared with 2,0 Sr-90 mc/'mi2 in areas
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 snnual 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 Sra90/h12 fallout has been heaviest

across the Northern United States. Pressnt average values
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for that region are sbout 30 me/mi?, (We have no data from the great
lsnd mass engompasved by the USSR and Satallite States and Comeurdet
Chins).

Another mothod of sampling referred to carlier is by collestiomn in
stainless steel pots. These ssmples give good estimates of the present
inoremonts being added. Finally, there is the ginmed papsr network
whieh though inherenmily less reliable, was started in 1951 and has given
us data for estimating both qumulative 3r-90 depveition and geoma dose
axposuras. Food sampling activities have contentrated on mllk from the
Chicago and Few York wilk shed areas as well as smpling of other food
stuffs both here and abroad with special refarence to foods which con-
stitute prinedple sources of calsdwm in the diets of various pecples.
Peak Sr-9%0 content of milk in these two regions has risen each year
uthamkzwm»ry,mzmmgs.éw%$mmﬂm,
1956, Here recent AEC Health and Safety Leboratory,data for Perry, New
York dried milk in tems of yye Sr-90/ga Ca follow:

MR

December 1956 - 3,16 April 1957 - 3,12
Janary 1957 - 3.83 May 1957 - 3.91
February 1957 - L.02 June 1957 = L.59
Hareh 1957 - 3,00 Juldy 1957 =~ L7k

Auguet 1957 - L.25
The highest values recorded in the United States have besn from Handan,
Horth Dakota, where in 1956 the average of the monthly samples was aboud
10 yue 5r-90/gm Ca with a high velue in May of that year of 17. l‘ove re-
gent HASL data for Mandan powdered milk follow:
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Januery 1957 - 4 April 1957 - 6.75
February 1957- 8.17 May 1957 - 9.79
March 1957 - 7.38 June 1957 - 10.91

July 1957 - 17.33

Intereatingly enough, Aritish data on milk 9r-90 from six 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-90/gm Ca and Perry, New
York milk 5.68. This was in spite of the fact that there was more
strontium-90 in the ocorresponding United States soils than in the United
Kingdom solls. Undoubtedly milk‘Sr-9O reflects to a significant degree
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., Thuas, the milk data to some extent reflect rate of fallout,

Analyses for Cs-137 have been done on milk and other material
ineluding living human beings and human urine. Anderson and Langhem
(2) have put forth strong arguments for t he 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., Radiocactivity
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 intake. 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

soil and the Sr-90 to caleium ratic of the diet,



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
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agricuitural practicss sueh as desp plowing. This changes the poaition
of the fallout with respect to the root sone of the arops. In the case
of shallowspocted crops such as scae grasses and many vegetablss, the
deop plowing may materially reduce the uptaks of 8390, AS besd, ocne
oan axpset only a feufold changs in uptake by the plant from these mech-
anical soll trestmants, Liming ¢alefupoor scil will somewhat reduce
MMWM&.WMMW.
Ihe Effect of Fallout on Vater Supplies

Fresh fallcat cnto scrface waters, stresms, lakes and cocesns is
quickly diluted unlike fallout on soll whioh at firet is concemtrated
in & few top inches and readily availsble to a variety of shallew rooted
plants, In fresh waters the Sr-50 1¢ taken wp by the plast and aminal
1life and eventually sottles out in the lakce Lottom or the mud of the
rivar, Open waters also contain more or lsss soil and powdered rock in
suspengion which may carry the S50 with it removing it by sedimenta-

tion,

In the cave of water that comes frem wells and springs the Sr-50
has been largely removed by filtretion through the sails, Mixed fisslion
product tropespheric fallout in open lakes and rivers has posed a problen
at the time of fallout to certain industries like the photegraphio film
industry, whieh involve processes requiring large volumes of water which
must de extrenmely low in radicsctivity of any sort. From the standpoint
of effect on man fallout into waters from weapons testing has not cone-
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 inoreasing, a major 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 soll end root uptake. 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 caine from diréc"c deposition'on the pléﬁt sul;faces. In situations
such a8 that reported by Alexander of alfalfe 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 occurs.

# This and the following section are based almost entirely on the
testimony of Dr. Iyle Alexande., Dr. Robert Reitemeier and Dr. Alan
Seymour in The nature of radicactive fallout and itg effects on man,
Hearings before the Special Subcommittee on Hadiation of the Joint
Committee on Atomlc Lnergy, Congress of the United Ltates, May 27, 23,

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 exchangeabls ealeium in the soil, and wariations in what
constitates the root some of thess partioulsr plants.
Strontiwe-50 and Ceslwe-137 in Neat and Milk

Cesiume-137 in the diet of eattle is belleved to oome almost en-
tirely frem direct contamination on the plant. 7That entaring the scdl
is bound up to about 99X and henge 48 not taken up by the plant. What
Ce~137 13 ingestod goes to blood axd soft tiasues, The great dulk of
1t 1s found in the body musele mass, Like potassium, 1% turms over
fairly rapidly in the body with a half residense time in huaans of
about 1O days. In contrast to the oase with 8r-90 the body content
of Cs-137 reflects more nearly the rate of intake and is not oumulative,
In other words, the equilibrium state is achleved in a few months, In
the cow, Ce-137 is exereted in the milk as well as in the urine.

Hajor sources of Cs-137 in ocur diets are thus meat and milk, Aas long

as the rate of testing in terms of fisslon product yleld remaing what it is
Ca=137 as an internal radioactive contaminant in human beings will be rel-
atively insignificant. (See earlier ssction on Cs~137/X~LO ratio.)

In masmals S1=90, like caledum, is found for the most part, over 99%
of 1t, in the bone. Therefore, meat is exceedingly low in Sr-50 and is
3 relatively Sr-90 free and equally calcium-{ree item of the diet., Meat
contains only about 107 the caloium per umit of wetl weight that milk does,

SHERHRII

Cptake studles of Sr-9C in milk-res diets In rats, goats, and humans
indicate disgrimination azainst Sr-9C in favor of caloium of about 25%.
According to Comar, Sr-50 in milk is less diserimirated sgainst, about
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55% uptake in relation to calcium., Equilibrium state studies in humans
or animals have not yet been done so this may be a 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 towerds 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 alsc that
where reference 18 mde to 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
stratospheric 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 matterns 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.S5.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-musele containing body messes so does not add
locally in a significant way to the gonadal dose from Ca-137 in the musoles
(0.03 r), other radiocnucleidss 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 puo/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

& table developed at a 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
£21) 1956 from strontivm-| from all Sr-50 | if past tests or
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

ARC at the suggestion of the Joint Committes on Atoxic Energy 1o 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 is %aken as represontative of an area with above average 31~90

contamination with respeet to the werld as a whole,

The considerations leading to each of the three sstimates in the

last two colwmns follow:

] _ re_f{a : fe men, Adearings 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 residual stratospheric omtent were t0 be depoo-
ited with wniforn distridution over the surface of the
sarth,

2. On the ssmupdion thad fallout of the residusl (1956)
astratospheric ooutent would have the same geographis
distridbution as the previous stratespherie fallous.

3. On the assumption that S3~50 injected near the sguator -
way be moving mertiward and entering the troposphere
preferentially above YPN, in swoh a manner that the
fraction of the stratospherie comtent falling cus in
these latitudes is inoreasing with time.

Radiation exposure o the population as a whole c¢an be categorised

az follows:

Haturel sources of exposure to goneds (sea level)  L.3r/30 yra.

Gonadal dose in U.5. frem fallout "at present

rate of testing” (002 %0 0.5 Flesccecesssossee  0.13r/30 yru,
3r-90 dose to bome in 1975 to inhabitants of

northeastern U.S5.A. from prepent rate of - 4

testing contimusd through 1965 csssecssesseses 001 to 0.07 r per yr.
1.3.,2:71975 the dose £0 DON® veserrssssssrsese 0.3 %0 3.1 >

ESrniay



Melogionl Effests ¢ Anticipated fxrom Falloud o Date
The radiation effects of world-wide fallout from weapons testing
are delayed sffects, Were the most pesmimistic views eventually proved
0 be true, Shey would, 1f they could be measured at al), appear nod as
slear-out events readily relsted to the cause, but 2s relstively swall
statistinal inoresses in the muuber of ceses of bous canoer, leukewds
and oongenital adbrnormalitiss, or ap A shortening of the average life man,

In the £1i01d of genstics there are two prineipal hazards vith
whioh we are conoerned when we study the effects of ionising rediation
as a wutagenie agent, Firat, there is the possidles risk to the humsn
raoe as a whole, .mumwmmamma,
1€ the entive rece wers subjest to it, would remult in a mutation rate
ubieh would 1gad eventually to degradation of the species. On the
other hand, the maximum telersble mutation rate for humans, tolsrsble
in the sense of survival of the race, is not known.

The other hasard is the danger to sme individuals, the personal
tragedies associated with the hirth and 1ife of 2 defective child, The
Hok oSomN.RoCy Coomittos estimated that in the nommal course of events in
the next 30 years 100,000,000 children will be born in this country and
that there will be ameng them some 2,000,000 with "tangible® gsnetie
defeets. In the whole world 2,000,000,000 children will be born dur-
ing the sams period, of which some 10,000,000 will have tangibles genstic

PSS TS Ie I
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dafecta, I LO r is dtaken as the radiation dose per genarsiion neoes-
sary $o donble the pressnt "spontanscus® mutation rate, the 10 r dose
per generation nentioned in the N.A.8.-N.R.C, report as baing tolar-
sblo though not harmlesy would add An the United States alome 50,000
tangible defects in the first generution and eventually after 20 to X
gensretions abeut 500,000 per gemeration, i1.e,, sbout 16,000 per yeaw,
A dose of 0,13 r o the gonads per U,8, genmsiion 1s estinated tobe
inourred fyom the pressnd rate of weapons testing. This would produce
in the first gerevation an additional 650 persons with tangible genstie
defeetz, and 4 this rate of exposure continued there would eventuslly
be 6,500 per generation. There would be in addition about 5,000 embry-
ol and neonatal deaths, otill-births and childhood desths in the
firet goneration and sbout 50,000 per gemeration eventually., There
would alse be a larger but unknown mmber of minor intangible defecte,
Werw the dose received by the entire world populatien the same (actu-
ally it is lowar) the figures would have to be multiplied by 20, In
sdbsolute mmbers they are large. On the other hand, wheon ons compares
them with the 2,000,000 tangible gemetic defects which are now cecwrring
in each generation and the millions of embryonic, necnatal deaths,
atill-birthe and childhood deaths from genstic causes, they are a
small fractional increase, The affects of medical x-rays could be
sald %o be adding eventually about 1/13th to the present U,S. %otal,
while fallout "at the present rate of testing” would add an increment
of aboat 1/300th.

.........




These [igures are based ¢n hundreds of experiments in frult {lies, e
a fev very large experinents imvolving hundreds of thousands of wies |
in which ouly seven gens locd have been studisd, and the large Mman
Wn&wnhpmbymuwemmtymmma
few luman genstics studies in non-irradiated populatiens. The esti-
nates are crude and must de improved. 'There are nseded additionzl care-
ful husan genetics studies involving & tremsndous amount of work —-
taking advantage of dommented consanguinecus marriages and using blood
types az well as grose indioss of genwiic change, One of the Mg prode
lms 1s the fasct that wmany human abnormalitiss -~ in faot, nost ~ are
not clearly delineated as being genetieally determined o developmental
in origin, Indeed many of them, like mongolism, seem to be the result
of both genetic and envirommental factors.
| It has beon genarally agreed that rediation autations are cuwmlas-
tive and direotly proporticnal to dose, down %o mero. TYet below 25 »r
no studies have been done in othar than single-celled orgsnisms. Such
studies may never be done in mamals, o in order to test accurataly
even a few logl at 25 r would require an expariment involving a =million
or more individuals., This means that mueh more basie work will have to
ba dene at the macro-molecular level to establish once and for all that

I

the single hit concept of radiation induetion of gene mutation which
sesms to hold for bacteria, viruses and for the fruit fly hold for
nammals as well at low dose rates and with low total doses., Heamwhile
we must accept this hypothesis for there is 1little to no evidence to

the contyary.
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Life Span

To the best of our knowledge, except for high level radiation to
vital orgens, the life shortening effect of lonizing radiation is the
reault of total body exposure or it may manifest {tself in succeeding
generations as a result of genetic damage. There is considerable ex-
perimental data in smell mammm1s on the effects of falrly large single
event whole body exposure, i1.e., one to two hundred r and more given
slther once or repeated. There is considerably less information at
smaller dose increments. In general, it can be said that with large
increments (100 r or more) there 1s a curtailment of life expectancy
from the time of exposure of approximstely 25% per ID/50. Thus, a
single dose of 200 r would be expected to reduce an individual's life
expectancy from that point on by roughly 12.58, (28) With emaller inore=. .
ments, several r to upwards of 100 r, the affect in experimentel animals
ia less marked. Probably this can be explained on the basis of a partially
effective reparative process so that the curtailment of life expectancy ia
a 1little less than 1% per 100 r. (4) If this holds for humens a group
of persons who had accumulated at the age of 45 years approximately 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 1life spen.
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There iz no definmitive infarmation at low dose rates, 1,e., 0.1 r
per day or C.3 r per week, whieh is in the range of the pexmissidble
levels as resommended by the Internationsl Camission on Radlation Proe
teotion, A few axperiments at these leovels have been done in mice and
rats, In each inctance the averege life apan of the irradiated group
was slightly higher than that of the control, It appears, however, that
the sparing sffest is during wmiddle 1ife and perhaps chronie low level
SXPOsuUTe has some sort of nonegpeeific effsct by permitting survival
of experimental animals in the presence of certain ectoparasites. In
any event, the longer-lived animals in the irradiated group do not live
any longer than the longer-lived animals in the centrol group, The
causes of death in thess low dose level experiments are not notewarthy
though in one experiment there was an increass in the nuxber of ceses
of loukemia., However, there was not a sufficient mmber of cases appear-
ing early in life to swing the ever-zll statisties one way or another,
A dose rate of C.13 r per 30-year period weuld reduce the average life
span by at the most a fow days.

Laukemia

The present ieukﬁuia rate in the United States is eprproximately
11,L00 cases per vear. It 1s an established fact in many axperiments
done on animals that large doses of radiation induce levkenla. In
some experiments, although the total mumber of cases was not insreased,
the oneat was greatly accelerated bv the radiation sxposure. Though

SRR
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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 can

be inerpreted as consistent with the concept that large single doses

of radiation to man do definitely increase or accelerate the appeer-

ance of leukemia (27). The data which have accumulated on the incidence
of lsukemis among rediologists is consistent with the hypothesis that
large total doses in the vicinity of several hundred to 1000 r and more,
even vhen received in small inecrements, are leukemogenioc in some individusla.
Finally, the study of Court-Brown and Doll in Pngland 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 information on what the inoldence of leukemia in these
patients would have been without radiotherapy. However, 1f compared with
the incidence of leukemia generally among the British population as a
whole the effect is clear-cut. The awvailable experimental 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
than 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 lmown.
While it has been generally accecpted among students of leukemia thet there
ie some dose of rediation perhaps in the vicinity of 50 r below which
leukemia is not induced, Dr. E, B. Lewis of California Institute of
Technology (22), and Dr. Hardin Jones of the University of California at

Berkeley (17) have proposcd the hyvothesis that leukemla induction from
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lonizing radiation is a linear function of dose regardless of dosc rate
and haQe suggested that for each mr exposure per year to the entire pop-
ulation of the United States there would eventually be an additionsal 10
cagses of leukemia per yesr, 1.e., about 40 cases per year as a result of
fallout, Using this same reasoning there would be roughly an additional
3,333 casges per year were the population to receive 10 r of mn-made
radiation every 30 years, the exposure consistent with the recommendations
of the N.,A.S5. Committee on Genatics.

It has also been postulated that bons-seeking radioactive nuclelds
such as radlostrontium might bhe 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 concentraiion for Sr-90 for ths
population as a whole. This has been given as 0.1 mleroourie for an
adult, i.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 that is, a2bout 10 rad in a 1life tims or less than 5
rad in 30 ysars. If Lewis! hypothesis 1s correct, that leukemia induc-
tion is linear with dose to the bone merrow, and were all the bone marrow
to racelve this cose, which it do=s aot, such a body burden for all
people in the United States could mean zn additional 5-10% increase in
lsukemia (500 to 1000 cases) each year. Lhere is a considerable body of
experimentael data indicating thsat with large cingle dosss lesukemia doss
not result 1 a fair fractlon of the hamptopoietic system is shielded
from total bedy radiation, "ith a certala type of mouse lymphoma, even

shielding one s«treniiy of the anizal will vitiate the leukemogenic
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effect of & large single exposure to radiation (18). One of the problems
in attempting to estimate the leukemogenic effects of relatively low
doses of radiation 1s that we do not know the proportion, if any, of the
present incidence of lsukemia 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 radiation induced lesukemia can be appreciably altered
by artificially induced endocrine imbslances (19). It is logical to
agsune that endocrine :‘aotors 88 well as chemical and hereditary ones all
play mjor roles in determining the "natural incidence” of leukemda.

It appears then that if leukemia in general or even one type of
leukemia éan be the result simply of a2 rediation-induced somatic muta-
tion untempered by homeostatic factors, fallout at the present rate of
weapons testing could, on the basla of certain assumptions as to the
number of cases of leukemia duve to background radiation, result in this
country in some 30-40 additional cases per year or about 1000 per gen-
eration. The same assumptions lead to a figure of 900 cases per year
as the result of medical x-rays (27,000 per generation). If small
emounts 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 mndditional 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

’way for a smell dose of radiation to trigger n case of leukemisa,



- 38 -

Bone Cancer
The present inoldence of bone sarcoma in this country is about

2000 cases annually. What, if any, part of this is the result of na-
tural radiocactivity is not known. It is quite apparent from the observatias
of radiotherapists thAt a dose of external radiation 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 1s a very rare occurrence.
As to the induotion of cancer by chronic irradiation from bone-seeking
radicnuoleids we have a considerable 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
redium therapeutically were discovered because of symptoms attributable to
the radium such as bone marrow, while of the twenty-eight luminoms dial
workers studied sixteen came under observation because of symptoms. thus,
they represent & heavily blased sample, In order to achleve a more complete
plcture of radium and mesothorium toxicity in humans 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 of bone cancer in an individusl exposed to nure redium salt in
adult life who had left in him at the time of observation (usually 20-30
years after the material wes ingested) less than 1.3 microcuries of radium.
The National Cormmittee on Radiation Protection and the Internationel
Commission on Radiological Protection have taken a 1littles less than

1/10th of this figure, 0.1 microcurie, as the permissible radium burden
for adult workers and 1/10th of that or 0.0l uc for the population as

a whole. "“ith radium the exposure to the bone is not uniform. If it
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were, 8 person with 0,01 microcurie would be getting approximately 4

rads per year to the bamne and one with one mlerocurie would get approx-
imately 40 rade per year, 51:160 redium distribution tends to be aspotty
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 especislly true in growing
bone. The radiation from Sr-90 is:a moderately energetic beta rey as
oppossd to the princimlly very short range alpha radiation from redium.
The dose to the bone then will be much more uniform. There is experimental
work in mice (14) indicating that at higher dose levels the more uniform
the distribution of the radiation in bone the more tumors are produced.

One hundred apuc of rediostrontium/gm caleium, the presently considered
permissible body burden for the po:}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 asteenly sigmoidal with much
less relative effect at low doses or t hat there is actually 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

caleium (14).



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 effecta of a nuclear war localized to the Northern
Hemisphere., In areas not actuslly 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 inorease in leukemia cases, and
the effedt on average life spen es 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 burste to air burst retic) comparsble to that which has per-
tained in weapons taste to date,

Caution should be emphasized in such extrapolaticns because o
Sigw)unbm&udmmmmstnumxﬂﬁehmm
or wore times higher than for Southern Hemdsphere countriss. Further-
more, & ruolesr war would be 23 a zingle svend, not a continued rate,
For instance, the gawile effects from gene mutations induced would
not bulld up to an equilibrimm, bud would gradeally fall off after the
Lirat genergiion 4o thats oomsistendt with the then existing “residmal
background® exposure, Iikewise any postulsted riss in the mmber of
loukesia cases resulting from external whele body expesure would be
Umited to a wingle generation exoept as the "backpround® exposude Was
t0 a leaser axtent raised by the Co-137 of half 1ife about 28 years.
On the other hand, any Sr-90 effsots would involve several gemerations
but in dminishing degree,

SmeARY
The dlologioal effects widoh may be invurred 1f past atomie temts
o thedr equivalent are repeated by 1965 may be swmarized as £ollown:
1. Qenetic Rffocts
The estimate for the geneiic effects in terms of gene mutations
iz based on & wealth of seientific data and while not absolutely prowven,
the burden of proof should lie with those who question it. The esti-

mates indicats an inorease in the pressnt incidence of *tangibla®
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genetic defucts in the U.S5.A. by a factor of 1/3000 and 40 the added
thons the lnerement after 20 %0 30 gwneretions would be 1/300th. Pur
e wordd populstion as & whele the incresss weold bo scuswhad less.
20 i o m’;‘ 5 5 006

Mmumwmwm-wgmmm
tm’ﬂ_g/iﬁ%

3‘
fmrwmwmzwmmmwu

/

#t41f in the reals of Nypothemis, therefore, She estimate would e
Wcmmmwmuam»mmmm

/
!.m rate of 11,400 cases per yoar in this comtey. i
!

L. Booe Owoer

¥hether or not there would bo any incresse in bene ecancer is Jues-

tienadble. In any ovenb it would be very ssall,

A1l of theae estimetes wilch in absolute mumbers add up te a figure
well below present day experience with accidomtal deaths assme tha
there will bo no further sdvances in the blolorieal sclences with res-
poct o the provestion and treatwent of leukemia and bons canoer, and
in our ammty to counteract or protect agalnst the rutaserdc effects
of fonizing rediation,
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