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There are several factors in the present interest in radioactive

fallout from nuclear weapons. Except for the remarks contained in

this introductory section, this discussion will be largely confined

to the technical and seientifie considerations emmerated in the fol-

lowing paragraph. |

Frou the solentifis point of view, one is soneerned with the cee
snounts and types ofradioactive material produced by detonstions of

nuclear weapons, the mechaniens involved in local and world-wide dis-

tribution of fallout, incerporation in the food chain and eventual

uptake by human beings, estimated exposures of the whele body and of SSSR

particular organs of the body te radiation from fallout both outside

and inaide the body, and with posaible blological consequences to

both the present generation and sueceeding generations. Obviously,

this cannot be viewed solely as an academic exercise. From the point

ef view of cur interest in human welfare, concern for possible harm

ful effects on this and future generations immediately comes to the

fore and constitutes 2a primary factor in our interest in the subject.

At this point 1t becomes necessary to distinguish between one's

interest in fallout frem tests of nuclear weapons, per se, and one's

interest in the development and testing of mclear weapons in relation~

ship to such questions as international relations and nuclear warfare.
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While miny poeple were willing, prior to 195i, to let the menery of

the effects of the atenle bam on the peoples of Hiroshima and Naga-

eaxd grow dim with the passage of time, and thonghtes of 2 possible

fubure war involving atenie weapens teck on a nore and more hypotheti-

cal cast, the fact that Japaneses fishermen and the Marshall Island

natives some 100 wiles from the dstenation of a large test device on

Hareh 1, 195) received sufficient fallout to cause skin burns and clear

out effects on the bleood-forwing organs ence again suggested the

possible horrors of a nuclear war.

What captured{he inagimtion was the realisation that in addition
to yadiation, blast and thermal effects at the site of a negaton burst ,

whole cities dannmind might be involved with purely radiation effects

with no fires, no falling buildings, no traumatic injuries at all,

This sencern is enhanced as it has becase apparent that there could be

& long-term hasard as wall, In addition to delayed effects froa in-

creaeed radiation exposure at the time of the bombing some of the fall-

outs waterial remains radioactive for years and could thus constitute a

continuing hasard,

Also inherent in current discussions of fallout is the matter of

whether or not the United 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.

Ome of the difficulties in discussing fallout is that of achieving

objectivity. The subject has became intimately involved in many
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people's enctions, During the 1956 Presidential election campaign it

even becase a political issue. Some persons who believe that a strong

militery poaition increases the probability of a major war have urged

the biclogienl effects of fallout as a reason for cessation of weapons

testa and have played up uncertainties in our estinates of the upper

limits of possible biological hasards of radiation fron fallout. Othery

believing that a strong military pesition ie vital to cur netional wel-

fare, have disecunted theses uncertainties, Both say be assumed to be

motivated by a strong desire for nutional security and world peace and

to be sineere, although not always wholly objective, in the relative

importance which thay aseribe te fallout fran weapons tests or to

weapons teste themselves. Undoubtedly, many cltisens who conscientiously

abhor war have found an cutlet far theiy emotions in campaigning against

the testing of nuclear weapoas, Unfortunately, cessation of testing,

pesticularly on a unilateral basis, does not of itself even begin te

regelve the intricate problema in mman relationships which have in

the past repeatedly led to war,

Another difficulty is one of achieving a proper perspective in

dealing with the mamer in which the effeots which might be produced

 

vy fallout would appear, The unknown is always difficalt to grasp and

engenders fear until it becomes known or can be related to scumething

familiar, The fact that many of the effects fran fallout from nuclear

testing are onea which do not become apparent at once is baffling to
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the majority of people and the fact that they could be produced by

something as intemgible as radioactive atoms lends the subject a weird

ness that is hard to dispel,

We have a situation quite the reverse of what has pertained in

the past with respest te the great epidemio diseases. ‘Smallpox, oholera,

and typheid fever epidentes were very real and terrible events that in

devestating fashion decimated whole populations. The problem was te

seek the cause and elixizate 1¢ by sanitation or by immuniaing the popu-

lation te the specific causative organign, With radiation hasards

whether fron fallout, fron weapons testa or from the medical uses of

x~pays it is otherwise. There are no formidable pressing measurable

effects for which to seck a cause. Onecan with varying degrees of

eonfidemss predict effects fren the present rate of nuclear weapons

testing that can never be measured or clearly identified with the spe-

cific cause. Tet each predicted effect 1s deseribed in the fom of

same well-know tragic event ~— a deformed or weakened child, leukemia,

bone cancer or the vague but seemingly faniliar "presature death.®

The problen here 1s to find some msans of comparing the radiation

hazards inherent in fallout and in the medical and industrial uses of

OER,

atomic energy with some more familiar 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 from such a familiar

thing as fire. Yire exacts 10,000 lives a year in this country and at

the present rate 300,000 per generation, It scars and maims many
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thousands more. The autensbile, s vary real syubel. of sodern civilisa~ SINAN

tion, ie the cause in the United States alone of seme 10,000 deaths and

a like number of maimed each year ~ at the present rate more than «

million deaths per generation, Siudlarly, people reject comparison

with the deaths and injuries which are very substantial and sine qua

non fer the nom-atemie aspeeta of cur national defense effart imluiing,

ef course, aviation. TI suspect one of the reasens for this is the

eumeocplece nature of the incidents witich lead te death and injury. SNARE,

They are recorded in our newspapers daily, A hasard more comparable ~

te that of radiation -anog op air pollution -—~ cannet be used for

comparison eimply because we heave no comparable body of knowledge upon

whieh te base an estimate of the possible deleterious effects on our

citizens. Yor radiation, and espeaially radiation fron fallout, is the

only contemporary man-made general enviromental hasard about which we

have sufficient information to define 1t at all, and because we can

define 16 there ia a greater obligation to keap it minimal.

The present level of exposure from medical and dental x-rays

(lh x in 30 years) is of about the same magnitade as the exposure fre

naturval sources of radiation. ‘The present level of radiation exposure

from fallout from weapons testing to date and future levels at any

realistic rate of weapons testing, whether by ome nation or by many,

are sven lower (0.02 to 0.5 r in 30 years). They are a fraction of the

natural radiation exposure to which man and other living things have

always been subjected. In fact they are far below thoge which have

mag
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been employed in experimental work in order to demonstrate detectable

pathologie o¢ genetic changes.

Ry the spring of 1957 the pres and cons of the hasards from radio~

active fallout from nuclear weapons testa wore being hotly debated

ia the lay journals and even to sow extent in scientific publications,

Tras, 1t was not surprising that on April 18, 1957 the Joint Committee

on Atomwle Evergy, which had for nearly a year been acoumlating back-

ground information om fallout, fosmed a special subcomalttes on radia-

tion for the purpose of conducting open hearings on the entire subject

of the "ature of Radioactive Fallout and Ite Eifects on Hen.® Congrese~

man Chet Helifield is Chaizuen of thia Comittee. These hearings took

Place between the dates of May 27 and June 7, 1957 and the hearings

thenselves together with the abundant appendices in the printed text

of the hearings, constitute the most complete body ef information and

authoritative statezents on the subject available now. With very few

exceptions the material which will be covered in this paper is either

contained or referenced in the printed text of the hearings.

It should be sade elear ab the cutest that the author has dons

none of the scientific work discussed in this paper although for a

i stensit das,

rumber of years he has been intimately asseciated with the biamwdical

research program of the AEC which sponsored a very large share of it.

Enough cannot be said in recognition of the many scientists who have

worked so hard to develop such information as we now have available on

the subject. This they have dene tirelessly and even enthusiastically
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in spite of the fact that many of them would have preferred other out~

lete for thetr scientific talents more basie and perhaps more glamorous,

They recognised the importanse of the probles and have pitched in when

aad wherever they could sake a contribution to cur knowledge of the

subject, regardless of where their research support came frous and re-

gardiess of the implications of their observations insofar aa tending

to inexpase or decreaze current estimates of the hasards of fallout.

 

Tne detomtion of molear devices preduess fission predacte in

greater or leaser amounts depending on the characteristics af the par

tieuiar devices used. The malier devices, those in the thousands to

several hundred thousand tons TH? equivalent range, produce their ax-

Ploaive force by nuclear fission giving rise to proportionate amounts

ef fLasion producta while so-called H-boxbs, bombs in the million-ton

range, may derive less than 10% of their explanive force froa fission.

Thermonuclear reactions per se may give rise to tritium (radioactive

hydrogen) while the neutrons produced in the reacticna produce radio-

astive carbon from the nitrogen in the atmosphere. The amount of

carbon-1l); produced is swall relative to that normally present in the

atmosphere, so that with a half-life of the order of 5000 years its

aotivity ie not significant when compared with the amount of fission

preduct activity resulting from the fission reactions. iIn addition,

the neutrons 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 variety

of mterials. ‘his results for the most part in radionucleides of

relatively short half-life suchas Fe-59 half-life 47 days, mnganese

54 half-life 310 days, S1-131 half-life 2.6 hours, and C1-38 half-life

37 minutes, sodium-24 half-life 14.8 hours. Measurable amounts of

' 2n-65 halflife 250 days, and CO-60 half-life 5.3 years have also been

detected in fallout mterial.

In early fallout from a surface explosion radioisotopes of short

half-lives are 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 my constitute

the principal hasard to unshielded persons aa was the case with the

Marshall Islanders onthe ATOLL of Rongelap at the time of the March 1,

1954 detonation (31). From 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 gastro-intertinal tract and to other regions of

the body from I-131 with a half-life of eight days, and M-140, Strontium89

and Strontium-91 with half-lives of 12.8 days fifty-five days and ten hours

respectively my overshadow in significance the effects of the longer-lived

fission products. These fission products have been identified in fallout

and in biological mterial, plants, animals, and animal and human urine

collected a few days toa 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 yield megaton range weapons. They are of lesser importance with

fallout (off-site) from kiloton range tests. Hartgering's studies suggest

that under these circumstances the amounts are amall in absolute terms and

that the radioactivity my gain access to the human body by inhalation

rather than by going through the food chain. From the standpoint of the

long-term world-wide fallout hasard, however, these isotopes are of little

concern.

The important fission products 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 ready 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 readily

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 soil 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 strontium90 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 one part in 100,000 of Pu

which may be present in the food. Adding to these facts knowledge of the

amounts actually disversed 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 is well

to call attention to the fact that a deep underground burst such 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

yield, and the conditicns of detonation, particularly the altitude of

firing.

Local or near-in fallout occurs 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 matter fron the surface of the earth. The radtonucleides

produeed by the explosion say be deposited on or incorporated inte thia

material depending upon whether or not it 1a more or less caspletely

fueed or totally vaporised. After the fireball covls, the larger particles

daposit on the earth in a matter of mimtes and up to several hours after

the detonstion. This senstitutes the legal or neamin or early fallout

weich for mall weapons may extend out from the pcint of burst a few

miles and cover tens to a few hundreds of square miles while for mageton

weapons 1% may extend out to a sevexvea) hundred ar nore miles and cover

thousands of oquary ulles,

‘tropospheric or latitudinal fallout is a more delayed fallout of

the debrie which either has not penetrated the trepepause te the strat-

caphere or if it hae penetrated into the lower stratosphere tha particle

ize is euch that it cases down fairly rapidly. It occurs over a period

of tw or three weks or a month or so after a detonation and consists

ef relatively fine material (a few micra to small fractions of a micron)

suspended in the lower part of the atmosphere, the troposphere, where

rain and other weather phencasna occur. It is carried around the world

in the same general band of latitude as that of its origin and dees not

in any significant amount cross the equater. It is deposited on the

earth's surface by weather events, principally rain and snow and probably

to soma axtont by dew. Thus, the distribution of tropospheric fallout

is determined cemrally by the site of foamation, factors such as local

weather conditions and distance traveled (in thousands of miles)

er gel Sate
Ureoth
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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 USSR.

Stratospheric fallout has somewhat different characteristics and

distributions. It consists of particles which rise into the atmosphere

but which do not fall out either as near-in or early fallout or as

tropospheric or latitudinal fallout during the first month or two follow-

ing their formation but because of their small size are removed from

the upper atmosphere so slowly that their average period of suspension

is a matter of years. Machta stated that it is not kmown whether theyare

earried down into the tropopause only by sir currents or are also carried

down by theirown 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

still 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 mike 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 time.

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 factors of no more than two to three at the most among

those areas where rainfall is moderate and heavy.

The other mijor hypothesis discussed at the fallout hearings was

that of Brewer of Fngland (6). Machta described this theory of a slow

poleward circulation of stratospheric air from the equatorial regions

during which time the air my be carried 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 Hemisphere with the lion's share moving

towards the Temperate and Arctic latitudes. Machta states (26, 27) that

it is possible that the formation of new higher tropopauses by the passage

of storms in the Temperate latitude my entrap stratospheric air into the

troposphere, and that the break tn the tropopause found frequently in

the vicinity of the jet stream is a place of preferential exchange of

air between the troposphere and the stratosphere. A corollary to this |

would be lesa stratospheric fallout near the equator where the tropopause

is very persistent and clearly defined as opposed to the polar regions where

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 little or no debris coming

out near the equator and again sombut 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

fact that the nations who have done the most weapons testing to date
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have done so quite extensively in the North 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 mechaniam accounts for five or ten or

more me Sr-90/mi~ of the present average of 30 ma Sr-90/mi” 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

collected during the winters of 1954-55 and 1955-56. There was a definite

inorease in the slope of this cumulative tabulation at the time of Operation

TEAPOT at the Nevada test site in the spring of 1955, butthe 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 PLUMBBOB in Weveda (Hay 28 te Oeteber 7). 1% would appear

then that aajor increments in Sr-90 fallout have occurred seasonally in

Wew York City, whether or not test activities were going om at the tine.

This would suggest that these late winter fallouts contained a consider

able ancunt of stratospheric debris. It is hoped that pot sampling at

various sites around the world will determine whether the increases cb-

served at New York and also at Pitteburyh are truly seasonal effects

characteristic of these latitudes, and if so, whether it is characteristle

Lor the South Temperate Zone and even the Tropic Zone as well. Pot

samples were being taken at the following stations as of October, 1957.

UNITED STATES

Birmingham, Alabama

West Los Angeles, California

Coral Gables, Florida

Leaont, TLlinois

New York, New York

Vermillion, South Dakota

Salt Lake City, Utah

OUTSIDE THE UNITED STATES

SePE

Viera, Austria

Rio de Janeiro, Brasil

Santiago, Chile
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CURSING TE UNITED STATES (contd.)

Bogota, Colosbis

Guayaquil, Zousdor

Quite, Rouader

Dekaxr, French West Africa

Honelvlu, Hawaii

Hiroshima, Japan

Nagamki, Japan

Kikuyu, Kenya

Kaxachi, Pakistan

Duxyban, South Africa

Pretoria, Seuth Africa sects

Causeway, South Rhodesia

Taipei, Taiwan

Bangkok, Thailand

Good data from these stations will go a long wey toward clarifying

the picture. At the game time the ANC is sampling the stratosphere by

means of balloons up to 95,000 feet. This will prowide some factual ine

formation on the concentrations of Sx~90 and other fission products at

different altitudes and locations in the stratosphere. A recently in-

augurated Department of Defense high altitude sampling program will be an

important supplasent to this,

I believe one can state with confidence that two or three years fron

now we will have to depend much less on hypotheses and may even have
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settled on « fim banis the broad principles of stratospheric movement,

mixing and the mechaniem of the escape of melear debris te the tropo-

PRLS

The Present Distribution and Amounts of Fallout Radioactivity

Sampling Methods

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

out material on gwmed paper, in pots, in sell, in water, in milk and

other foodstuffs and in Inman end animal bores and other animal tissues

have been eellested in the United States and from all over the world,

They have been analysed for gross gamma activity, mixed beta gama activ

ity, for strostiu-90, for osalue-137, cerlue~-l, bariwe-1)0, and a

number of other flesion products as well as for induced activities. In ate

general, we have as much or more fallout on the United States as any-

where in the world outaide of ruclear weapons test sites. Furthermore,

average values of Sr-90 in soils and food supplies in Northern United

States are as high aa are found in other similarly large geographic

areas. There may, however, be in remote localities areas with greater

average soil content of Sr-9 of which we are as yet unaware. Likewlse,

we know that in 1956 in one area in Cardigan Wales, where the soil is

extremely lov in caledum (0.3 gna/Kg), bones fron a sheep grazing the

area have shown as high as 170 yyo Sr-90/gm Ca.

Probably the most reliable index of total fallout to date in a

given area ie to be found in analyses of carefully selected soil samples,

By. Iyle Alexander, 7.3. Department of Agrlavlture, has been in charge
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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

pericdically from 17 sites in addition to sampling for special studies,

On a world-wide basis 51 sites 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 a depth of two inches and again 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 som

of the Sr~90 to below this layer to a depth of several more inches, It

has been clearly shown from these studies that in areas like Antofagasta,

Chile, where there is essentially no rainfall, there is practically no

Sr-90, i.e., 0.02 in 1956 as compared with 2,0 Sr-90 mefrat” 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 mo/mi* 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 Sr-90/mi” fallout has been heaviest

across the Northern United States. Present average values
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. ratatacas

for that region are sbout 30 me/mi®. (we have no data from the great

lend mass encompassed by the USSR and Satellite States and Comseunist

Cains).

Another method of sampling referred to earlier is by collestion in

stainless steel pots. These sauples give good estinates of the present

inerenenha being added. Finally, there is the gummed papar network

whieh though inherently less reliable, wae started in 1951 and has given

ua data for catimating both oumulative 82-90 deposition and gamma does

exposures. Food sampling activities have concentrated on milk from the

Chicago and Rew York wilk shed areas as well as smepling of other food

stuffs beth here and abroad with special reference to foods which son-

stitute principle sources of caleius in the diete of various peoples.

Peak Sr-90 content of milk in these two regions has risen each year

vith @ peak far Perry, New York milk af 5.6 uye Sr-90/ga Ga in Novenber,

1956. Mere recent AEC Health and Safety Laboratory,data for Perry, New

York dried milk in tems of yye Sx-90/ga Ca follow:

These,
NS

THAhe

December 1956 - 3.16 April 1957 « 3,12

Jamary 1957 ~ 3.83 May 1957 - 3.91

February 1957 - 1.02 June 1957) - 59

Mareh 1957 - 3,00 July 1957 = he 7h

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 Sr-90/gm Ca with a high value in May of that year of 17. “More re-

cent HAS). data for Nandan powdered milk follow:
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Januery 1957 = dob April 1957 - 6.75

February 1957~ 8.17 May 1957 ~ 9.79

March 1957 - 7,38 June 1957 - 10.91

July 1957 = 17.33

Interestingly enough, British data on milk Sr-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 ppo 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 corresponding United States soils than in the Mnited

Kingdom soils. Undoubtedly milk Sr-90 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. Thus, the milk data to some extent reflect rate of fallout.

Analyses for Cs-137 have been done on milk and other material

including living human beings and human urine. Anderson and Langham

(2) have out forth strong arguments for the concept that soil and plant

data on Cs-137 which is generally very poorly taken up by plants but

is readily taken up by animals might be used as an index of accumulated

fallout in soil and of rate of fallout onto plants. Radioactivity

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 calcium ratio of the diet,



Samples 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 analysed for Sr~90. The moat recent data, 1956-57, indicate an

average in small children (a few months to a few years old) of about

0.8 yuo Sr.90/gm Ca. Samples containing more than three times this figure

have not been reported for this age group. Older ohfildren and adults run

appreciably lower. Interestingly enough and not inconsistent with the

milk data from Western Europe the Sr-90 levels in human bone for the

United States and for Western Europe 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, makes for non a

uniform distribution in an area.

The vertical distribution of fallout in a soil may be altered by
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agricultural practices such as deep plowing. ‘This chances the position

of the fallout with respect to the rovt some of the craps. In the case

of shallomrcoted creps such ss seme grasees and many vegetables, the

deep plowing may materially reduce the uptake ef S90, At best, one

ean axpect only a feufeld change in uptake by the plant from these mech-

anical soll tresteents, liming caleiwepeer scil will somewhat reduce

Sr-90 uptake by reducing the ar-90/caletum ratio.

Fresh fallout onto surface waters, streams, lakes and oceans is

quickly diiuted unlike fallout on scil which at first is concentrated

in a few tep inches and readily available te a variety af shallow rooted

plants. In fresh waters the Sr-90 4e taken up by the plant and antnal

life and eventually settles out in the lake bettas or the mid of the

yiver. Open waters alao contain more or less soil and powered rock in

suspension which may carry the Sx-90 with it removing it by sedimenta-

tion,

In the cape of water that cones from wells and springs the Sr~-90

has been largely removed by filtration through the soils, Mixed fisgion

preduet tropespheric fallout in open lakes amd rivers has posed a probles

at the tima of fallout te certain industries like the photographia film

industry, which involve proeessss requiring larce volumes of water which

must be extrwmely low in radioactivity of any sort. From the standpoint

of effect on man fallout into waters froaa 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

way with high levels of fallout, much, indeed moat, of it could be re-

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

 

A few yeara ago, when the soil contained less fallout and the rate

of fallout was increasing, 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 soil and 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 came from direct deposition on the plant surfaces. In situations

such as that reported by Alexander of alfalfa which was grown on two

very sandy soils in Illinois and derived its calcium from high caloium

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.

 

# Thas and the following section are tased almost entirely on the

testimony of Dr. Lyle Alexande.’, Dr. Rubert Reitemeier and Dr. Alan

Seymour in The cature of radioactive fallout and its effects on man,

Hearings before the Special Subcommittee on Hadiation of the Joint

Committees on Atomic ‘nergy, Congress of the United Ctates, May 27, 22,

29, and June 3, 1957, Part 1, pp. 512-523,
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A munber of studies of the uptake of Sx~90 have been undertaken

with a variety of Meld crops. Considerable variation oceura from one

species to another.

The cesiun ion is so firmly held by the acil surfaces that it is

not readily available to plants. Likewlee, the rare earths and plutoni-

wa are little taken up by plants frou soila, hence, these elements

beceme of interest only to the extent that they are deposited directly

on foodstuffs or in water supplies. All evidence avaliable paints to

a rather large discrimination factor for the uptake of cesiwa from soil.

Henzel and Heald found a factor of 50 in favor of the uptake of potas-

sium relative to cesiwa. Syidence for discrimination against the uptake

of strontiwa relative to calolua is conflicting. Under field condltions

at 93 sites in 11 states no discrimination, on the average, was found

between the ratio of calcium and strontium in alfalfa arxi wheat and the

ratio in the exchangeable form in the solis on which they were growm.

As Alexander has said, there say be no single answer to the question saint

but 1t seeme that one showld not count on a large discrimination factor

against strontium. *. =. . At the present time in the United States, we

ean find forage that has Sr-90 te calcium ratios that are lower than,

higher than,or equal to the ratio of these elements in an exchangeable

fora in the surface horisons of the soils from which the forage cane."

These variations are probably due to unequal distribution ef the fission
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products and exchangeable caleium in the soil, and variations in what

constitates the root sone of these particular plants,

Strontivwe-90 and Cesiwe-137 in Meat and Milk

Cesiu-137 in the diet of cattle is believed te come almost an-

tively fron direst contamination on the plant. That entering the sail

is beund up to abeut 99% and hense 49 not taken up by the plant. what

Ce~137 is ingested goes to biced emt soft tissues. The great bulk of

it is found in the body muscle mass, like potassiua, it turns over bs

fairly rapidly in the body with a balf reaidense time in humana of

about 110 days. In contrast to the case with Sr-90 the body content

of Ca-137 reflects more nearly the rate of intake and is not ousulative.

In other words, the equilibrium state is achieved in a few months, In

the cow, Ce-137 is oxereted in the silk as well as in the urine,

Major sources of Cse-137 in our diets are thus meat and milk, Aa long

as the rate of testing in terms of fMisslon preduct yield remains what it is

Ca-137 as an internal radioactive contaminant in huaan beings will be rel-

atively insignificant. (See earlier section on Ce~137/K-10 ratio.)

In mammals Sr-90, like caleium, is found for the nost part, over 992

of it, in the bone. Therefore, meat is exceedingly low in Sr-9) and is

a@ relatively Sr-90 free and equally caleium-free item of the diet. Heat

containg only about 10% the caloium per unit of wet weight that ailk does,

Uptake studies of Sr-90 in milk-free diets in rats, goats, and humans

indicate diserimination against Sr-90 in favor of calolum of about 25%.

According to Comar, Sr-90 in milk is less diseriminated against, about

HRB
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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 ratioof 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

4noerease 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

weapons test sites where "near~in" fallout may be heavy and where acute

effects such as radiation burns and whole body radiation injury would

be expected in unsheltered persons present in the area. The effects of

the latter sort of fallout are fully discussed in "Some Effects of Ionizing

Radiation in Human Beings" (30). It should be kept in mind also that

where reference 18 mde to the "present rate of testing" or "present

pattern of testing" we are not dealing with something relatively precise

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 fellout 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 mtterns of testing prior

to 1957 or its equivalent repeated by 1965.
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At the present writing the exposure of humans in the U.S.A. to pen-

etrating external gamma radiation 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 Acadeny

of Science eoportg4esiun-137 » which is the source of an Copreciable frac-

tion of this figure, has been show by Langham (21) not to concentrate in

the gonads above other non-musecle containing body masses so does not add

locally in a aignificant way to the gonadal dose from Cs-137 in the muscles

(0.03 r), other radionucleidss in the body and from Cs-137 and other

radionucleides and cosmic radiations in the general environment.

Sr-~90 levels in the bones of infants and young children average

0.8 ymo/gm of caleium with an observed range plus or minus of no more

than a factor of 3. Adult bones contain much less Sr-90, There follows

a table developed at a meeting of an ad hoo group called together by the
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Concentrations Predicted future | Predicted consen- Predicted consen~

in children, concentrations trations in 1975 trations in 1975

fall 1956 fro strontiue-; froa all Sr-90 if past tests or

90 en groumd be«-|] produced before equivalent wore

fore 1957 1957 repeated befare

1965

0.8 1.5 to 2 1.5 te 345 3.8 to 9
yuo Sr-90/g Cal  yye gti 2tes 5 te 12

| & te 10 10 0 35
gue Si~90/g Ca yye Sx-90/g Ca   

AEC at the suggestion of the Joint Comittes on Atasic Mmergy to at-

tampt to estimate average futare le. veils of Sr~90 in the population.

(The full text of a momary report af thie neoting is to be found in

the JCAE Hearings. * The figures and predictions summarise the conclue

sions of the group and deal with the northwestern part of the U.3.4.

whieh is taken as representative of an area with above average 52-90

contamination with respeet to the warld as a whole,

The considerations leading to each of the three estimates in the

last two columns follow:

 

  

| : re_fa fe man, dearings before
the Special Subeomelttes on Radiation of the Joint Committee on Atomic
Fnergy, Congress of the United States, Washington Government ?rinting
Office, Parts 1 & 2, 1957.

Wapabe
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1, If the residual stratospheric content ware to be depoe-

ited with wiilfarn distribution over the surface of the

earth.

2. On the assumption that fallout of the residual (1956)

atratospheric content would have the same geographic

distribution as the previous stratespheria fallout.

3 On the assumption that 82-90 injected near the equator .

may be noving northward and entering the tropeaphere

preferentially above XN, in sush a manner that the

fraction of the stratespheric eontent Zalling out in

these latitudes is increasing with tine.

Radiation exposure to the population as a whole can be categorised

as follows:

Natural sources af exposure te gonads (sea level) 232/30 yra.

Gonadal dose in U.S. from fallout “at present

rate of testing” (0.02 0.0.5 r)essccccceseeeee Ool3r/30 yrae

S90 dose to bone in 1975 to inhabitants af

northeastern U.S.A. from present rate of LA 4

testing continued through 19465 .sscocscesceses Oc0l to 0.07 r per yr.

Lote, DY 1975 the dome to bone sesccrossescessee 0.3 to3.1¥

paoeecerony ae



Mologic feats t anticipated from Fallout

The radiation effecte of world-wide fallout fron weapons testing

are delayed effects, Were the mort pessimistic views eventually proved

to be true, they would, if they could be nezsured at all, appear not as

clear~oub events readily related to the cause, but as zelatively sall

statistical increases in the muber of cases of bone cancer, leuckeda

and congenital abnormalities, or ag a shortening of the average life gan.

 

pega ines

 

In the field of genetics there are tro principal hazards with

which we are concerned when we stuty the effects of ionising radiation

as a witagenie agent. First, there is the possible risk to the huusn

race a9 a whole, There is undoubtedly some ancont of radiation which,

if the entire rece were aubject to it, would result in a mutation rate

whieh would lead eventually to degradation of the species. : the

other hand, the naxiaun tolerable mitation rate for humans, tolerable

in the sense of survival of the race, is nob known.

The other hasard is the dunger to ema individvals, the personal

tragedies associated with the birth and life of a defective child, The

HA.S.oN.RC, Comittes estimated that in the namal course of events in

the next 30 years 100,000,000 children will be born in this country and

that there will be among them some 2,000,000 with "tanzible" genetic

defects. In the whole world 2,000,000,000 children will be born dur

ing the same period, of which some 10,000,000 will have tangible genetic

SeSetet



defecte. If LO r is taken ae the radiation dose per generation neces

nary to denble the present “spontanscus® mutation rate, the 10 r dose

per generation sentioned in the 4.A.5,.-1.8.0, repert as being tolarm

able though not harmless would add in the United States alone 50,000

tangible defects in the first generation and eventually after 20 te 3

generations about 500,000 per generation, 1.6,, about 16,000 per year.

A dome of 0.13 r to the gonads per 0.5, generation is estinated tobe

inourred from the present rate of weapons testing, This would produce

in the first generation an additional 650 persons with tangible censtic

defeats, and if thie rate of exposure continued there would eventually

be 6,500 per generation. There would be in addition about 5,000 embry~

onie and neonatal deaths, etdll-virths and childhood deaths in the

first generation and about 60,000 per generation eventually. There

would alse be a larger but unknown mumber of minor intangible defects,

Were the dose received by the entire world population the seme (actu

ally it is lower) the figures would have to be multiplied by 20. In

absolute mmbers they are large. On the other hand, when ons compares

them with the 2,000,C0O tangible genetic defects which are now cecurring

in each generation and the millions of embryonic, neonatal deaths,

etili-birthe and childhood deaths from genetic causes, they are a

amall fractional increase, The effects of medical x-rays could be

said to be adding eventually about 1/13th to the present U.5. total,

while fallout "at the present rate of testing” would add an increnent

of about 1/300tr.

yor



These figures are based on hundreds cof experimente in fruit flies, eR

a fev very large experinants involving hundreds of thousands of mies

in which only seven gene locd have been studied, ani the large Inman

genetics atudy in Japan by the Atemie Bomb Casualty Comission plus a

few bunan genetics studies in non~-irradiated populations. The exti-

mates are crade and must be improved. | There are needed additional care-

ful human genetics studies involving a tremendous amount of work -~

taking advantage of documented consanguineous marriages and using blood

types as well as gross indices of gunetic change, One of the big preb~

lene is the fact that many husan abnormalities -~ in fact, most — are

not clearly delineated as being censtieslly determined or developmental.
in origin, Indeed many of them, like nongoligm, seem to be the result

of beth genetio and enviromental factors.

It has been generally agreed that radiation sutations are cumla-

té.ve and direetly proportional to dose, dom to sero. Yet below 25 r

ne ataudles have been done in other than single-celled organiams. Such

studies way never be dene in mammals, for in order to test accurately

even a few loal at 25 r would require an experiment involving a million

or more individuals, This means that much more basie work will have to

be done at the macro-molecular level to establish once and for all that

 

Seti

the single hit concept of radiation induction of zene mutation which

segue to hold for bacteria, viruses and for the fruit fly hold for

nammals as well at low dose rates and with low total doses. Mearmhile

we must aceept this hypothesis for there is little to no evidence to

the contrary,
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Span

To the best of our knowledge, except for high level radiation to

vital organs, the life shortening effect of ionizing radiation is the

reault of total body exposure or it may manifest itself in succeeding

generations as a result of genetic damge. There is considerable ex~

perimental data in small mammals on the effecta of fairly large single

event whole body exposure, 1.e., one to two hundred r and more given

either once or repeated. There ia considerably less information at

smallerdose increments. In general, it can be said that with large

inerements (100 r or more) there is a curtailment of life expectancy

from the time of exposure of approximately 25% per 1D/50. Thus, a

single dose of 200 r would be expected to reduce an individual's life

expectancy from that point on by roughly 12.5%. (28) With smaller inore-.__

ments, several] r to upwards of 100 r, the effect in experimental animis

ig less marked. Probably this can be explained on the basis of a partially

effective reparative process so that the curtailment of life expectancy is

a little less than 14 per 100 r. (4) If this holds for humans 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 life span,
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There is no definitive information at low dose rates, 1,05, 0.1 r

per dayor 0.3 r pex week, which is in the range of the permissible

levels as recomended by the International Camisasion on Radiation Pro-

tection, A few experixents at these levels have been done in wice and

rats. In each instance the avewage life span of the irradiated group

was slightly higher than that of the control. It appears, however, that

the sparing effect is during middle life and perhaps chronie lev level

exposure has seme sort of nonspecific effect by permitting survival

of experimental snimales 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 control group, The

causes of death in these low dese level experiments are not noteworthy

though in one experiment there was an increase in the momber of cases

of leukemia. However, there was not a sufficient musber of cases appear~

ing early in life to swing the ever~all statistics one way or another.

A dose rate of 0.13 r per 36-year period would reduce the average life

span by at the most a few days.

Leukemia

The present, heukeada rate in the United States is epprorisately

11,00 eases per year, It is an established fact in many axperiments

done on animals that large doses af radiation induce Jevkeala. In

some experiments, although the total mumber of cases was not increased,

the oneat was vreatly accelerated by the radiation expomre. Though

“EreeabelkeTSht
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the data from the Atomic Bomb Casualty Commission in Japan are still

fragmentary and will not be complete for a number of years, they can

be interpreted as consistent with the concept that large single doses

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

ance of leukemia (27). The data which have accumulated on the incidence

of leukemia among radiclogists is consistent with the hypothesis that

large total doses in the vicinity of several hundred to 1000 r and more,

even when received in small increments, are levkemogenio in some individuals.

Finally, the study of Court-Brown and Doll in Fngland on the incidence of

leukemia in radiation-treated patients with spondylarthritis ankylopoietica

suggests that large doses of radiation to the bone marrow may result in

leukemia. (10) The control group for this study is so small that one

really has no information on what the inoidence 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 experimental data fron

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 animals there are very little data. Whether or not there is a

threshold for leukemia induction by sadiation is not definitely Imown.

While it has been generally acecpted among students of leukemia that there

is some dose of radiation perhaps in tne vicinity of 50 r below which

leukemia is not induced, Dr. F, B. Lewis of California Institute of

Technology (22), and Dr. Yerdin Jones of the University of California at

Berkeley (17) have propose¢ the nyvothesis that leukemla induction from
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lonizing radiation is a linear function of dose regardless of dose rate

and have suggested that for each mr exposure per year to the entire pop-~

ulation of the United States there would eventually be an additional 10

cases of leukemia per year, i.e., about 40 cases per year as 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-mde

radiation every 30 years, tha exposure consistent with the recomnendations

of the N.A.S. Committee on Genatics.

It has alao 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 mxinum permissible bone concentration for Sr~90 for ths

population as a whole. This has been given as 0.1 microourie for an

adult, 1.6., 100 micromicrocurie per gram of calcium. 100 ppo/gram

ealcium would lead to an exposure to nearby bone marrow of about 0.14

rad per year, and that is, about 10 rad in a life time or less than 5

rad in 30 ysars. If Lewis! hypothesis is correct, that leukemia induc~

tion is linear with dose to the bone marrow, and were all the bone mrrow

to receive this cose, which 1t doss not, such a body burden for all

people in the United States could mean an additional 510% increase in

leukemia (500 to 1000 cases) each year. There is a considerable body of

experimental data Indicating thet with large single doses leukemia does

not result if a fair fraction of the hamatopoletic system is shielced

from total bedy radiation, “ith a certain type of mouse lymphom, even

shielding one extrentty of the aninual will vitiate the leukemegenic
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effect of a large single exposure to radiation (18). One of the problems

in attempting to estimate the leukemogenic effects of relatively low

doses of radiation is that we do not know the proportion, if any, of the

present incidence of leukemia which may be the result of natural radio~

activity. Undoubtedly, hereditary factors play a role. Carcinogenic

hydrocarbons are know leukemogens (29) while in experimental studies

susceptibility to radiation induced leukemia can be appreolably altered

by artificially induced endocrine imbalances (19). It is logical to

assum that endocrine factors as well as chemical and hereditary ones all

play mijor roles in determining the "natural incidence” of leukemia.

It appears then that if leukemia in general or even one type of

leukemia can be the result simply of a radiation-induced somtic muta-

tion untempered by homeostatic factors, fallout at the present rate of

weapons testing could, on the tasis of certain assumptions as to the

number of cases of leukemia due 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

amounts of Sr-90 relatively uniformly distributed in bone can indeed

produce leukemia in the manner postulated by Lewis, 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 may in certain susceptible individuals prepare the

way for a smll dose of radiation to trigger a case of leukemia,
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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 radioactivity is not knowm. 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 induction by doses of less than 2000 r is a very rare occurrence.

As to the induction of cancer by chronic irradiation from bone~seeking

radionuoleids we have a considerable body of data in humana (3, 24).

Practically all of this information deala with exposure incurred during

adult life, In the recent studies ten of the fifty persons who received

radium therapeutically were discovered because of symptoms attributable to

the radiua such as bone marrow, while of the twenty-eight luminous dial

workers studied sixteen came under observation because of symptoms. Thus,

they represent a heavily biased sample. In order to achieve a more complete

picture of radium and mesothorium toxicity in humjns studies have begun on

several hundred additional exposed sergons not known to have symptoms at

the present time. Briefly it can be stated that no case has come to our

attention of bone cancer in an individual exposed to sure redium salt in

adult life who had left in him at the time of observation (usually 20-30

years after the material was ingested) less than 1.3 microcuries of radium.

The National Committee on Radiation Protection and the Internations]

Commission on Radiological Protection have taken a little loss tian

1/l10th of this figure, 0.1 microcurie, as the permissible radium burden

for adult workers an‘ 1/10th of that or 0,01 pe for the population as

a whole. “ith radium the exposure to the bone is not uniform. If it
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were, & person with 0.0] microcurie would be getting approximately 4

rads per year to the bame and one with one microcurie would get approx-

imately 40 rade 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 ray ag

opposed to the princimlly very short range alpha radiation from redium.

The dose to the bone then will be ich more uniform. There is experimental

work in mice (14) indicating that at higher dose levels the more uniform

the distribution of the radiation 4n bone the more tumors are produced.

One hundred puc of radiostrontium/gm caloium, the presently considered

permissible body burden for the pogululation as 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 radioactivity or from 4 to 28

times that from the Sr.90 body burden estimates for 1975 referred to on page

eenmeeremeae ©

Experimental work in mice and dogs at low body burden levels is

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 orthat there 1s 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

calcium (14).



 

Assuming that "the present rate of testingt 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 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 possible increase in leukemia cages, and

the effect 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 ratio and pattern
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(surface burste to air burst retie) comparable to that which has per~

tained in weapons teste to date,

Caution showld be emphasized in such extrapolations because our

figures have been baged on the United States exposures which are two

or more times higher than for Seuthearn Headeshere countries. Further~

more, a ruolear war would be cs a single event, not a continued rate.

For inetanse, the genetic effects from gene matations induced would

not bulid up to an equilibria, but would gradeally fall off after the

first genergtion to that consistent with the then existing “residual

background” exposure, Likewise any postulated ries in the mober of

leukemia cases resulting fraa external whole body exposure would be

limited to a wingle generation except as the "background" exposure was

to a leaser extent raised by the Oo~137 of half life about 28 years,

Gn the other hand, any Sx-90 effecte would involve several conerations

but in diminishing degree,

STRMARY
The biologioal effects wich may be incurred if past atomic texts

or their equivalent are repeated by 1965 may be summarized as follow:

1. Genetic Effects

The estimate for the genetic effects in teras of gene mutations

ie based on a wealth of setentific data and while not absolutely proven,

the burden of proof should lie with those who question it. The esti-

mates indicate an increase in the present incidence of "tangible"
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genetic dafects in the 0.5.4. by a factor of 1/3000 and if the added

erpoeure rate fron weaporw teeting wore to contine over many genere-

tions the inaresent after 20 to 30 generations would be 1/300th. Por

the world population as a whele the increase would be somewhat less.

 

ee WES24ONG

Therd would be an everage curtellment of life span of no nove then

@ day on/two.

the basis far the upper linit of increase in leukesta cesses is

etit{ in the resin of hypothesis, therefore, the estimate would lie

vetwesn exesatially no inoresse to as much as 2/lOth over the present
‘

/

iicidsnse vate of 11,800 cases per year in this coumtry. stile
!

‘h. Ounoee
Whether or not there would be any inorease in bene cancer is quea-

tilenable. In any event 1% would be very enall,

All of these estimates vitich in absolute numbers add up te a Nigure

well belewpresent day experience with sccidentel deaths assume that
thece will be no further edvances in the blolocieal eclences with res~

peet to the prevention and treatment of leukesia and bone canser, and

in our abality te counteract or protect against the rautavente effecte

of tontzing radiation,
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