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I. OOMPARIBON OF FIBSION PRODUCTS BY WEAPORS TESTING AND POVER REACTORS

The problem of ths dispossl of rsdicactive wastes exists not only 4in the
Tield of weapons testing dut also to a crucisl degree in the power reactor progras,
In the latter case, more control can be exercised over the fmmediate fats of the
fission products, but disposal must eventually bde made, If disposal is to be
simple encugh 50 that muclear power can be economically competitive, then ad.
vantage vwill bave to be taken of patural di{spersing systems. The possidility
g exists that ultisrtely the resctor-produced activities my enter the food cyele

and man. 7The basic prodlem of permissidle exposure and many of tbhe distritution

mochanisms in the dicephere are, therefore, the same for bosbs and for reactors.
For comparison of the potential magnitedes of the two prodblems, it can be

DV )

noted that & 100-msgawatt (beat) resctar will in the course of one year's operatios
produce the same quantity of long-lived fission products as the detomstion of a
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l-maghton fissicn bosd, One reactor of the type contemplated for the muclear
propulsion of aireraft vould operste at s pover level of adout 300 megawatts,
equivalent to 3 megatons of bosbe per year. The British estimate their production
of power vith onclear reactors at about 6,000 megavatts by 1965, At 10§ efficlency
this 1s 60,000 megawatts of heat, equivalent to 600 wegatons of fission per year.
The estimte of United States nuclesr power production by 1975 is 20,000 to

50,000 megawatts (electrical).
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I, ESTABLISHED PERMISSIBLE EXPOSURE LEVELS

Because the scarcity of adequate biological data makes estimates of the
uinims smount of radiation necessary to produce damage only approxisste, the
Internatiooal Commission on Radiological Protection bas sdopted the philosophy
of setting permissible exposure levels for the genersl population in terms of
the inevitable patursl radiation to wvhich man is exposed. The patural rsdia-
tion levels vary seversl fold, depending on geographic locstion, Bven coo-
servative geneticiste (such as i;xnor) agree that msn has evolved anid this
redisation vithout apparent dammge. 8ince 8% csnnot constitute s genetic
bagard, the linitlngAmtou vith regerd to long-term fallout are effects such
as csncer or leukemis., Vhile some authorities feel that the vatursl levels
could be ipcreased by a8 fuctor of ten vithout detectable effects of this sort,
the most conservative vill sdait only aa abeclute safety limit of tvice
patural beckground. This i{s by no means guessvork but depends on a large
amount of experimentsl vork by geneticists and diologiste. To quote from
the Report of the Committee on Cenetic Effects of Atomic Radiation, Bummary
Repart page 6: "There 1s & counsidersdle mergin of uncertainty about much
of this, and ss 8 result, th-re sre vaturslly eome d'fferences of oplolon
among gedeticists themselves as to exa:t numericsl walues, M Bo 2_-_.

sgresmsnt as to fundamental conclusious” (Italice in originel),

The principle has been sdopted, therefore, by the Ioternstional Commission

oo Radiological Protection that an additiooal smount of rediation equal to that
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normally received from natursl sources {s peruissidle, even for entire populs-
tions ~-- wen, vomen, and children.®? o other wvords, it fs the opinion of ‘
geneticists that ve can safely double the redistion dose the human race is :
receiving.

The average natural background radistion is made up ss shown in the follow-

ing tadle. :
| THE AVERAGE RATURAL BACKGROUND RADIATION i
' i
Dose Rate : '
4 Sourc
N ¢ (wr/yr) i
Local gamms rays (from Rs, U, etc.) S0
Cosuic rays 3 )
. Potassium {n body 20
Radiocarbon {n body 1
| 100 wr/yr (vbole-body irradistice)
Radium in bones 60 (booe only)
Total dcse rste to bone 160
X
The local gammm dose slone bas been measured to be as high as 170 wr/yr in some |
Svedish houses {slum shale concrets) aad 100 wr/yr in Scottish bmildings (granite)
1
B ® The sctusl recommsndation of the TAS-NRC Committee oo the Genetic Efiects
of Radistion, Summary Report, page 29, i less restrictive; “,...maders of our
‘- geoeral population shall not recelve...(from all sources)....an average of :
. wore thas 10 roentgens, in sdditics to backgromnd, of foniziag redistion ss a
gy totsl scewmlated doss to the reproductive cells from oconception to sge 0",

Ten rosotgens s 10,000 sr, end distridbuted over 30 years s a rate of 3% wr/yr.
Tais 1s 82 sdditions)l doss of twice the aversge beskgromod irredistion. The
sbove i3 the permitted nstional sversge dose; individuals are permitied wp to
20 rosutgens by age 30, or sa aversge of 1600 wrfyr. Ve bave used che more
rigorous limit suggested by the ICRP, since exposures resulting from world-wide
fallout should be Juiged sgainst the most conservetive interpatiowsl staadards,
It shoull be clesr, however, that ve are using the most conservative vealuss and
thet large safety factors are iaberent in these mwsbers.




Tba cosalc rey doee s about doudbled at the altitudes of Denver snd Los Alamoe
{5,000 to 7,000 feet). It s clear that vsrious human populatiocns live under

. vide ranges of irrsdiation without detectadble differeaces in tbeir health, csncer
incidence, longevity, etc. A comparison of Sweden with Denmerk is particularly
{otesresting in this respect, sioce doth countries bave exceptiomally sccurste
vital statistice availadle over the past century and since the sxposure levels
are quite 4ifferent. Purther study of these reccrds is certainly desirsdle,
Yut up to now no significent differences ascridbedle to redistion are kmown.

X The maximum permissible 1ife-time burden of 0.1 uc of Bro° fn the xmmn

. Yody (for the genersl population) bas been established dy the Committee on
Pathologfcal Effects of Atomic Radiation (Summary Reports, page 39). This

i amcunt of activity, if maintained at a constant level, would irrsdiate the

- bones to the axtent of 260 wr/yr. Bince formation of the skeleton is complete
by age 20 and no further significsnt incarporatios of Sr9° occurs after this
age, the assumptiocn of an iovariant level of S8ro° in the body is unrealistic,
The maximom amount of 8r%° will be found in the skeleton of persons of approxi-
mately 20 years of sge. Beyood this age, the 8r°° level vill declime by redfo-

agtive decey. Assuming a mximum Bdurdan of 0.1 uc st age 20 and allowing for

redicactive decay, the aversge dose rate to the bones during & life-time is
120 mr/yr (Eisendud) ur just sbout the averege matursl redistiomn dose.

Bince much of the conservatiss in permissible levels {s engendered dy
genetic arguments and since 8r¥ frrediates only booe and therefore ceanot
) possibly cause genetic damege, the propoeed level of 0.1 uc is certainly safe
ah probadly by s considersdle margin.
. Pernissidle levels for persons working with radiosctivity are a fachor of
ten higher then the numbers given adove for large populations.
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III. PRESENT SY°

The meximum presevt level of Sr9° ia the bdooees of t.'e populstion of the
United States 1s reported by Libdy to be 0.001 uc, or 1/100th cf the nev Inter-
vationsl Commission om Rsdioclogical Protection's permissidble level for large
4 populations.® The United Btates probebly has the highest Sro° level in the
/ world becsuse of the fallout from the Nevada Test Site. The dose rate to the
e booe from 0,001 pc 8% 14 2.6 ur/yr, compared vith tbe 160 wr/yr average e

from matursl sources.

IV. PREDICTED PUTURE Sr’° LEVEL

If weapous testing vere halted nov, the 8r70 level vould cootinue to rise e
for s time, due tc the accumulation in the strstosphere of rediocectivity from
, vespons alresdy detonated. Prom odservations, 1t has been cstimated that this i
rediocectivity i{s falling ocut of the stratosphere with o half-time of S to 10

90

. ’ years snd thet a Br’ activity equivalent to about 2b megatoos of fissiocn may

still be ip the stratospbere. It is extremsly 4{fficult to estimate the exact

’ Yy level to which Brw concentretions mey rise as a result of the sudbsequent fall-

SOn B out of this activity. Bowever, ressonable estimstes can be msde and upper

e linfts establisbed vith some degree of confidence.

v ® Libby‘'s "Sunshine™ or "MPC" unit is besed on the official United States
Lt Natlicosl Bureau of Standards' permiseidle level for workers of 1 yo and in
R tearss of this uait, the present Sr9 level ia 1/1000th of permissidle., The
recont IRC-MAS Committes on the Biological Effects of Radiation recommended
the ICRP valwe for large populations.
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Libby’s predictiocs, ou the bdesis of currently availsble dats, is that the
amount of ar® in yeople wmay eventually rise to 0,00k to 0.010 uc, by say 1970.
Eisenbud bas reached a similar conclusion. He reports that 1f all factors
are given their most pessimistic values, the maximum upper limit vhich could
poesibly result is 0.026 uc, snd that this limit say te ss lov as 0,002 pc.

v. 13T AXD OTHER PISSION PRODDCTS

ar” is accompanied by otber fission products, most of which beve such
short lives that they do not persist long enough to constitute s basard. Ooe
of these fission products, Cs}37, hes en sbundance and & redicective half.1ife
comparsble to 5r%° (about 30 yesrs). It seems very improbsdle, however, that
ce137 can be & significant bazard becsuse of the short time which {t remsins
fneide the human body. It 1s not sccummlated ss 1s 8r°%°, but 1is eliminsted
within s fev months. Therefore, vhile Cs1>7 1s nov presect {o tbe bumma
body (st & level of sbout 1/20th of the natursl potssaium rediocactivity), oo
{ncresse in this level will result from stratospheric storsge.

Los Alamos bes devoted considersble effort to the study of Csld7 beceuwse,
vhile it is barmless, 1t 1s much sasier to meesure than 1s Sr%., These
msasurements are sxtremsly wseful in increesing our understanding of the
metecrologicsl fuctors influencing the Bro° calculations. Our results bave
been reported at the mseting of the Americen Nucleer Society in Chicego on
Juns 6-8, 1956, and at the Couference oo the Msasursment of Body Radioactivity
in leeds, England, oo April 16-17, 1956 (to be published in the Decesber 1956
fsowe of The British Journal of Rediology). A complete account of results to
date 15 being prepared for pudblication in Scieunce.
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VI, CORCLUS 10m8
<

On the basis of tbese dsta, vhich sre reported in the unclassified scisutific
literature (reprints of vhich are attached), it is coocluded that thers is mo
uuotorthuhthmmt:r”hnlwulmu likely to be resched as
& result of wvetpons 00 fur tested. There ore ommsrous bWsic documruts oa this
genere)l sudject which are still classified decsuse thwy costais specific
vespons data, The usclaseified documente coctaia sll the pertisent infarwmtios,
end thare is certainly no reasce to fesl tiat damgisg facts are deing withheld.
It 1s obvicws that & full-sosls puclear war my produce catastrophic lsvels of
fallout and that indiscriminate testing of wvespoms by many mations could, after
e pariod of time, cause the perxissible levels to Ve amcesded.

This {5 also the viev expressed in the Dummmry Reparts on “Biolagical
Rffects of Atomic Madiation”, of the Metiomsl Acsdeny of Sclesces-Batioceal
Reosarch Council, page 601 “At present the amcmt of 8r ° fa the stretosphere
from maclesr vespons tests (s far too small to spprosch maximm perwiseidls
conoentretion sven If {t vere all to be dsposited nov. Bowever, If the testisg
progress Of the seversl couatriss producing therwcomclsar vespoms vere to
intensity, lmm otoruge tine may becows & critioal {tem fs terws of
agard to makiasd., Por this reascn, & contiming progrsa to investigats this
phoncusnon 15 needed®,

A grave and responsible comcers vith the loag-teru laglications of wespoms
testing mst be mintained to tnsure that the responsidiliti ; of Project Bwm-
shine are aoA Deglected; Byt the concern mst o Jeed om & ressonsd comsidere-
tiom of the selectific evidence availabdle snd Dot on smtiomal emaggeretions.
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Actually, the present situntios provides an crtressly useful “trscer experimsat®;
1t Dot osly can byt mast be stadied with csre aad thoughtfulasess 1f we are to
enter the ere of etomic power protected by koowledge. If dus attestion 1is gives
tn this prodlem, then {a the course of the pext fov years the costinwed studise
¥y Project Seunshine can provide data peraitting sa sccurste extrspolation of
the expected maxismms level which Sr” csn resch. Sufficiest advesce warning
of the rise 1n 80 levels vill be evailable to prevest the perwisefdle levels
being exceedad foadvertently.

The present disegrecarnt among the erperts om b8 proper maximme permiseidle
lavels for large populations aad the degres of tezard implisd by ¢ given exposure
18 a result of the deficiencies snd uncertsinties fin the twsic Mological data.

If sufficient long-terw bdiological experimsststicn is swpported to supply the

xissing Liformaticn, the disegreemsuts can bBe resolved eod peruissidle levels
eatablisded {n vhich the pudblic can bave confidsoce.
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