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There an .....i tanon S.:n the pnaent iatereat in ndloao\1.,. 

tall.ea\ troa 1a10leu' 11'81lpOD11. Jlmlpt. tor '1te 1 DI am OODM1118d in 

tbi• ~ M0\1.cft, th1ll dlacnaMi• 1fill be large~ OOllt1ned 

to the \echateal. aad .S.en\Ulo OODld.deraUcma enmarated in ta tol.-

1oll'1nc paragraph. 

1l'QI .. ~ pol8' et-., ... ii ...... with -

taCNB\• ud "1Pe• of radloect.ift aaterlal. produeed 'b7 detonat.ione of 
{ 

nuclear weapons, the IR90hani- innlftd in looal and world-v1cs. d:l.9-

tribution ot tallwt, incei-pon.\1.ca in the toot! obain ancl fMmtua1 

.... 'bJ' 1-aD "91np, ~ •• , ........ of - 1'hele bedT and of 

pu'ticular organ.a ot the body to radiation !rora t&llout both outaide 

and inside the bod;r, and with poaaible biological coneequences to 

both the pneent pnera\ion and aucoeeding pnera.Uone. a>T1.0W1l7, 

this cannot be Tined solely aa an uademio enrciae. Fraa the pcdnt 

ot Tin ot our interest in human weltan, concern for p0esible ha.n­

tul el.tect,e OB this and future generations 1mediately CGllOO to the 

tore and conotitutos a }rlaary !actor in our interest in the sub.1•°'• 

At this point it becmee neeeasary t.o diatinguiah between one's 

intenst in tall.out frart tests ot nuclear weapons, per se, and one•s 

interest in the developnent and tnting ot nuclear weapons in relation­

ship to sueh questions u international relations and nuclear vartara. 



WldlAI..., , • .,1 ..... wsiu.11, pl'i.ol' to llSJa, '° 1-' 1111e ••••l"I et 

.. e.tteota ot .............. - tile peop1M ot ~ and ...... 

9114 P'Olf d1a v1"1l tbe pu11p ot V.., and tholt&b\a ot a po.u1l>le 

tatwe w.r ~ atem.o 111apOM took •a .... _, _.. ~ 

o&1 ..n, the feet 'Ula\ .,_... ft...._ and tile Kanb&ll Iela1:11 

naU.'fU .- lGO .U... r... tbe *'-tifm of a lap '9ft dftt.le cm 

........ 1- USJa noe!wd ~ fallen '° MUe USA bU'D8 ud cleR 

on .a.au .. -. t.i•"""'ll'lllltl .,.. ... acat• .....-. * 
~ hOITOl"ll ., • _,_.. .... 

Wbat eaptund'he 1Mglmt4.on wae * nalis&tim th&\ in aM.td.en _, 

to l'lldl&tioa, blad and th--1. etteo\e n the site ~ a _,.ton liJ1an > 

whole citlff dclDMlnd ld.ght. be illYolftd with purel7 ndlat.toa atteete 

w1\h no tires, • tallinc buildi••• ne trauaat..to 1njar.1u 8' .u. 
'?hie OGl1081".U ia ~ u 1' bu beoClle ~th&\~ could be 

a lone-t.em huard u wn. In .ld41t.ion to del.a39d attecta .trca in­

creased radiat4.0D expo8lU"9 &\ W. Ullle ot the bcllbing SCll8 ot tM tall.­

OU\ aatertal reu:lne rad1.oact1Te tor yeara and ccul.d thu connitute a 

conU&mi.Dg hUU'd. 

Aleo inherent 1n ctU'J'ent dlaCUBsiou ot fallout, 1• the •tter ot 

vhetbtr or not the United Sta.tu should att.pt. t.o build optimal capa­

bility in the UM ot nuclear wapon• in the ennt et war and e'f91\ as a 

deterrent to war. 

One ot the dit.f'ieultiea in diecueaing .tallou\ ia ~t ot uhiedng 

objectivity. The subject has becOf1G intimately involved in many 
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.W.t.ur po&V.en S........ the prl1Nildli'1' ot a Mjor ar mn up4 

v. ldAl•-1 etteeiwl ot tallellt. u a .,.... re .... \im Gt wapo111 

...... -- Pla1M up ldJ8111'1Md.8':1• s.. om" .u.wa ot ""' ~ 

um.u ot P•.01• \doloPoal bUU'llla '111 radtalton r... tal.l.otrh OU... 

~ tba\ a ..._. aUitu:r PMLtll.on :le dt.al to oar naU.-.1. wl-

,_., ............. ~ ....... *... ... 'M7 - ...... '°be 
.nt...W .......... dell1n t• nat-.l. llilllV1'1'.Dl wor1d,.... ... 

w be a1._., altMiaah an~ ....,17.objeeU.w, 1n ~ nl&Uw 

_...... V!d.ob ..._,. alNll'ibe to t&l.l.ol&t b'al ..,,_. tam • to 

..,_. M8'e th .... 1.,... l.1ndoab\iedl7., M1V' citS.Mu wbo ....S.eatioul;y 

abhar we haft tocmd an outlet tor ~ ..niou 1n ~ acatnn 

the ~ ot nneleu vea:pcM. vnt~, oeasat.ion ot ta.Ung, 

pUtd.o.l.&1'17 on a udlaterel. buta, doe• not at it.salt ~ beiin t,o 

reeolw the intricate pn>bi.a. in Jmun relationahipe vhioh have in 

the paet. npea~ lecl to war • 

.lnother dl.ttieulty 1• om ot aohin1ng a Jlft'fJ9r penpeot.ift in 

dealiug w:lt.b the manner in which the elleots 1dlicb might. be produeed 

by .tall.out would appear. it. unlmOlfn is alwa;ye ditticul\ to OUP and 

~ tear unt.11 it becanea known or can be related to ecneth:lng 

faaillar. The .tact. that ~ ot the ettec'tS frQ'I ta.Uout fro&ll nuclear 

tcastiq are onea vhi.eb do not beome apparent at once is battl1.ng to 
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V. ~or.l.'1' ot J>IGPle hf1 the tU\ tis&\ __,. e-1d 1- J)l'Ofluiolld b7 

.... ttd.lls u i~la .. ndl...Uw atme lade ttll .Wjeot, a winl-

•• that 1• hard " diepel. 

Ve haft a eitua'1oa qui.ta the I'.,._ tl vba• bu perW.ned 1D 

\be,... vi.tit~ k the .... ,.,, ......... c11 ....... Sllall.poz, obolen, 

anil ~ tner ~- vue 'flirt' real &Ill tan!LbJa ..,..., •t. in 

~ taehion cSecr.1MW *'48 pclllOl.V.w. on. ;pt'Ob1- _. t. 

-* U. ..... ad eURl-te 1\ \)y 8114MM• w _,. :l-'dlf.111 tibl popao­

~ te 1M apeo:f.tJ.o oauat.tw _... ... Wltb ...U• barlDda 

....._ f).'Cm talloa~ tna w..-a teJl\a • boa \h9 ..U.oal uu ol 

.....,.1\ ia ot.hezwi.-. There are no lNlt.idable pl'Uld.ng measurable 

etteot. tor wtd.eb to Mok a O&U&llJ. a.~ eaa tlith ~ degnee at 

contideMe prffict etteota tna the preeen rate et. nu.clear weapoiw 

tut4ll& that an nner be meuund or oleu'~ 1deDU.t1ed with t.be SP9-

oitio oauae. Ye\ eaoh pl'9dlcW etten ia deeerlbed 1n the .tom ot 

8Cll9 wll-knovrl tnc1c event - a detG'IWd m- weakened ohild• leukemia, 

bone cancer or the yague but aeu 1ngq t-.uiar "pr.atun death." 

1'ba problea hen ia to t1a:I ... -- or ~ th.e radiation 

!".azuda inherent in tallout and in the Mdical. and industrial uaee o£ 

atCllio energy with s<JU aore tald.llar natural or man18.de huard which 

is presently accepted tor one reason or another. 1bere io a na~ural 

tendency to rejfft C<llll.parieona 'With the haurds front 3Ueh a .faailiar 

thir.11 as tire. fire uacts 101000 llvea a year in tltls country and at 

the present rate .300,000 per generation. It scars and tlt&iq !l&l'JY 
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ttaoa...... ..... .. ~, .. .,,,..,,, l'e8l 8""'91 et ....... e:L1fllh.. ~:,::~:~'.ii'.! 

tS.•1 u \bl -- ln the \lid.tad 8tatu al.om ot ... b0,000 deatbl and 

a lit. l'IUlibW of *'*' uoh ,.._ - at. the pn..- rate ...., vu a 

.nu ..... pv .-ti-. ~, people fttjen ~ 
1d.tb tbe dat.U and WU'i• wtd.a .. 'fW7 ~ &Ill alne qua 

.. ,., .............. .....,... ., .. natd.mal. -- etto.n bolDdlng, 

., ....... , wiatl•· :t auapeot. .. of ............ bJr tb18 u .. 
IC I Ulllt• .... et tM t•t1• "'4clib lMd W .... qj b3'1J7• 

..,. an ......... 1n Ottl' .....,.,... clail7• A hauTd we ~ 

'8 tblt.\ et Z'IMIS&tlon -- -. • air po11u'1on - Oillll10t. be ue4 bW 

.-1w.taoa abrpl.1" beoaue w baW no OOllpfll'8ble 'bol,1 ot knovledge upon 

vtd.ell to 'baae m eetiaaw ot tbe »Ud~ deletvlou.s etteow on our 

oiU...,.. fer Ndiation, and eapee!.allJ' radS.aUon hta tall.ou\, 1• tt. 

o:a1y ~ ........... genaal •~ h.aurd abou\ vhieh we 

haft eutticlen\ int .. \1on to dat1na 1\ at an, an4 beoauae w can 

det1ne it there ia a greater obl.1gation to keep 1\ lld.n:lalal. 

'!be pneent leN1 ot apoetlN rroa se4loal and dental x-n.ys 

(ls r 1n 30 ,.an) i• ot abc\ ta. ... Jaapttude as thta cxpoeve tl'Cll 

natunl 90\lt"cea ot radiation. The pnuJen lttrrel of radiation expoaure 

tr. tall.wt !ran weapons teft1ng to date and tu.tu:zre 1"9ls at any 

l'Rlist.ic raa ot WNpODtJ teet.tnc, whet.ha by one nation or b:f llaJ:O"i 

ue enn lower (0.02 to o.5 r in 30 yean1). 1'187 are a traction ot tbe 

natvnl rtldiation expoeure to vh1oh Mn and other living tbinga h&ft 

alvaye been subjected. In tact they are tar below thoee which have 



-.. _,.loJed in .,.n..nw '.-k s.a --.. w •oranrate *'8ctable 

pa\hol.ocie or geutio ~. 

17 tM aprS.nc or 19S7 tat. pl'9I _. eou ot ~ h&urds b:fa ractt.o­

utift taU.aat tl'Ca naolMt ....- tuta wen be1nc ho'11 -._. 

ill~ 1'1 Jounaala am.._ k ._ _._..in ~ pu'blloattom • 

...... 1\ ... no\ llG'Pl'ild.ns th&~ .. Apr.U. 18, 1'51 ibe led.a\ c-i\tee 

• A'-de &!m'Q, 1ftda bad t• __.11' a 7e&r Me8 aootmllat41'1 'bllek­

..... W..U• • ~, t-4 a IP'ldal ••Cllld"- • ncn .. 
U• fw tblt ptll'J)OM t:6 oenclaoUltl .,.. bMft.lp cm the eaU.n aabje°' 

ot tile ._\!an ot a..n.oantw hlloO am lta lf.teo\8 ca HD.• Concnae-

-.n Che\ Ka'li.t18l.d 1• Cbalnlan tit ~ Oaud.\W.. !he• ~· took 

plaee bet.veen the dat.e et Mq 27 aw! .1'me 11 19S7 am t.h• hearings 

thWlfte ~ with tile ~ apptndiee1 in the ~ text 

ot tbe hearJ.np, eonerU."1te the moat Ofllpl.et;e bod,J ot intOJ'M&Ucin and 

authorik1d:n nat•enk on h eub,jeo\ &Tail.able now. With 'fW'T tw 

~ the ute.rial which td.11 be OO'IWed ia this paper ia either 

eoat.dned or raterenced in the printed text ot the bearings. 

It lllloald be Mele el.ear a\ the ow.tan that the author bu dme 

none ot the soientil1o work discuased in thia paper althoup tar a 

number ot yean he hae been 1nt1J&a11e~ UMCia\ed with the biOllii'ldical 

:reaearob Jll"O&l'• ot \be A.EC whioh sponsored a ft17 large ah.are ot 1 t. 

Enough cannot be said 1n ~t.ion ot the IJWl'3' scientists who have 

woriced so hard to deftlop Roh intorraat.1011 u we new have available on 

the aubject. Thia thq have dObe tinlesaly and tmln enthuaiast1oally 



ia --- of "'8 tae" -- 1IU&7 of -- 1"Nl4 ..... pntel'ftd ether ...... 

leW tw \W.r H1en\itio Wed9 _.. buie and perbapa ... glaorou • 

....,. reoopl.eed tbe ~ ot .. ,....,_ al haft p1toh8d in when 

Md ......,... t.hey coa1cl -- a ~ 'o oar lmov~ ot the 

nbjet\, ncVdlen ot ....... ~ ~ ~it -- tna ad n­

,...u.. .. ot-. 111pu..u.-. ot ~ •~ inaotu u t..ung 

'° ~ .......... tNl'NQ ....... of .. tlwrda ot tau.-. 
!1111!!!! !M ~I( !!fl!!Pll! Nl!D 

Die c11t\omUoa tit .. 1 .. ,. fled.OR pnda••• nus.on Pl'OCfa.U u 
prMter • leeeer ---. depnd1ac • tbt olulracten.niu ot the par­

Ueul&r -.S.oe ued. The ••ller drt1eea, those in the t;houarxll to 

....i )mndnd thouaud .. m equl~ ranee, produce t.IMd.r a­

plOtd:n twee D,' nuclear t1881on giv:btg riae ~ pl'OpOri.iomte ~ 

ot t1..S.on prodtlcte whUet eo-called B..\>Cllba, bCIUta in the ldlli.on-ton 

range, uy den.ft lff• \baa l°' ot ~ explc:ad;re force f.raa fiulon. 

Thenacmuoleu reactions per se M1' gift ri.ae t.o tritium (n.dioactift 

h1dro&en) while the neutrons produo9d in the reaotiom.t prodlJOe radio­

actiw carbon fl"Cln the nitnpn in the a1lmoapbere. The aaO\Ul' ot 

cu'bon-lb prodnoed is ..ii relat.J:n to that normally' present 1n tile 

atmoephen, so that with a bal.f'-11.te Gt the order ot 5000 1ean its 

uttviw is not aigniticant when ceepared with the aaoun\ ot fiald.on 

pl'(Jduot. activity resulting fl"Oll the tinion reactions. In ac:id1.tlon1 

the neutrCft8 ]rOduced by ll\101.ear ded.Cff detonated on the nrtace ot 
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the earth or en towers and the like induce radicaotivity 1n a •riety 

or sterials. Thie results tor the most part in radionuoleidea ot 

relatively short halt-lif'e such as Fe-59 halt-11.f'e 47 days, mnganeae 

54 balt-Uf'e ~10 days, Si-131 half-lite 2.6 hours, and Cl-38 hall"-life 
\ 

37 minutes, sOdium-24 balf'-llte l.4..8 hours. Measurable amotmts of 

Zn-65 halt-lite 250 days, and C0-60 halt-life 5.3 years have also been 

detected in fallout naterial. 

In earlf tallout troa a aurf'ace esplosion radioiao~opes or short 
i 

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 gamm& ray emitting isotopes in near-in fallout Dl!Ly constitute 

the principal. h&.m.rd to tmshielded persons as was the can with the 

Marshall Islanders on the ATOLL of R.ongelap at t.l:le time of the March 1, 

1954 detonation (31). From the standpoint of possible danJ3.ge from radio-

isotopes which ire.y be ingested or inhalec soon after fallout the dose to 

the thyroid gland, to the gastro-intertinal tract and to other rt1gions of 

the body from I-131 with a half-life of eight days, and ?a-140, Strontium-89 

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

respectively my overshadw in significan<.".e the effects of the longer-lived 

fission products. These fission products have been identified in fallout 

and in biological naterie.l, plants, animals, and ani.'llil and human urine 

collected a few days to a few weeks, and in the case of Sr-89 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 or high 

1"iesion yield megaton range weapons. They are or lesser importance with 

fallout (oft-site) from kiloton range tests. Hartger1ng 1s studies suggest 

th&t under these oircumatancea the amounts are small in absolute terms and 

that the radioactivity rtfly gain access to the hUllliln body by inhalation 

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

long-term world-wide fallout hazard, however, these isotopes are or little 

concern. 

The important t1as1on producte from the standpoint ot world-wide, 

or delayed fallout, are Sr-90 and Cs-137 with half-lives ot 28 and 27 

yea.rs, respectively. Their importance in delayed fallout lies in their 

relatively long half-lives, and their ready assimilation b,y the human 

body and the tact 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 pl.ants. 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 focd chain. 

Finally, a \IOrd concerning Pu-239 (22). Although the mass of 

plutonium disseminated by a nuclear detonation ma.y be greater than the :uass 

of strontium-90 or of cesium-137 it is taken up very poorly from the soil 

by ?lante - only about one pt.rt in 10,000. Further, the human intestinal 

tract takes up only a.bout one part in 10,000 to one fftrt in 100,000 of Pu 

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

amounts actually dispersed in nuclear tests one can r~.adily dismiss Pu 

as unimportant in the long-term fallout problem. 
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Txpea ot hllout and Their IrarutP90 pi Diatri.R»tism 

Before diaouas:Sng the three general types or f'allout, it is well 

to call attention to the fa.ct that a deep underground burst suoh as vas 

accomplished in New.da in September 1957 is COJJ1Pletely contained and 

produces no surface or atmospheric contamination. 

There are three different classes Qf fallout from tests, the rela­

tive abundance of which is determined by' the nature of the weapon, its 

' 7ield, and the conditions or detonation, particularly the altitude of 

firing. 

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

touches or comes euff iciently close to the ground to draw up into the 
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ftpOli.aed c1ead •t\er h9l the llU'laol ot tM Mith. The JNIAIDUC1•14H 

~·• b7 tbe explos:lon •be dtlp08ited on or incGrpoffted into t.hia 

ater.t.al __..._ upon '141.ftber or no\ i' 1• un w 1"1 ~ 

,.... .. ~ 'ftpOl'1ud. Attelr the t1nbal1 coo19, the ·~ par\iolee 

.,._, oa the Hfth in a •\tel'" ot ldmtee ud up to ...,...i heart atte 

u. cle\cmatd.e. !hia __....._ the loea1 Oil" DHl"-in or ~ fallen 

wtd.ell l• ..u wapoDI ..,. .... °"" .tlW * po18' ot b.n • t• 
1ll1ee w .,.. ten8 \o a tw lnmctrede ot ...,. .U.1 whUe to up.ton 

wapou it ..,. eztend oa• ~ a Nftftl ~ _. more ldl.ee and eotV 

~ ot 9qUAre .u. •• 
~rlo or latitudinal tallw\ ia a more ~ .tallov.t. ot 

the debris whioh either has not penetrated the \'ropopauae to the 8'rat­

c:lllphe.re or it i\ hu pemtrated into the lCN9I" at.ratosphare the petiole 

aise 1• nah that it caaea down .tair]T rapidl)' • It occurs owr a period 

ot t.vo • three 1IMke or a Nllltb ~ so alter a detonation arJd ~ 

ot 1'81aU.,.q rim aaterial (a tew rd.era to -.all fractiona ot a mcron) 

nepended ill \be lower pan ot t.he a~1 the tropoaphae, wh8l"e 

rain and other veathel" phem:ua:na occur. It is carried U'OUDd the 'WfJ!rld 

in th9 ... aeneft1 band ot latitude u that of it.a origin am doe• not 

in any aigDi.ticant amount croee the e<zuat,or. It is deposited on the 

earth's surface by weather eYente, principally rain and sll:O'W' and probably 

to Balle exte8' b)f' dew• Tb.ue, the diatrl.buti.on or \rOpospberie fallou\ 

1• detena1ned eenerally by the lrl.te o! formation, factors such as local 

weather conditions .and di~.ce traveled (in ttm.i.sands ot miles) 
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determining regions of greater or lesser concentration. (26, 27) 

Tropospheric fallout has contributed significantly to the radio-

active debris now enco\Ultered over the northern hemisphere as a result 

of weapons testing in the Pacific, 1n Nevada and by the USSR. 

Stratospheric fallout has somewhat different characteristics and 

distributions. It consists of particles which rise into the atmoaphere 

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

tropospheric or latitudinal fallout during the first month or two follow­

ing their formation but because or their nall size are removed from 

the upper atmosphere so slowly that their average period of BUSpension 

is a matter of years. ~chta stated that it is not known whether they are 

carried down into the tropopause only by air 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 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 llllke more definitive statements on this point. 

There are two najor hypotheses as to the distribution re-ttern 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 tropopiiuse, 

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 fal1out where there is no rain at all and 



- 13 -

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

those areas 'Where rainfall is moderate and heaV)". 

The other najor hypothesis discussed at the fallout hearings wa.s 

tha.t or Brewer of Phgland (6). Machta described this theory of a slow 

poleward circulJl.tion of stratospheric air from the eQ.tatorial regions 

during whioh time the air rrAy be carried to heights in the range of 

100,000 feet. Acoordingly, debri'e injected into the stratosphere at 

u°:N, the longitude of' the Pacific test site, would be transport.ed in 

leaser amounts to the Southern Hemt.pbere with the lion's share moving 

toward.a the Temperate and Arctic latitudes. Maohta states (26, 27) that 

it is possible that the formation ot nev higher tropopiuaes by the pa3sage 

or storms in the Temperate latitude nay entrap stratospheric air into the 

t troposphere, and that the break ill the tropopluee tound frequently in· 

the vicinity of the jet stream i&a place of preferential exchange of 

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

would be less 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 Nqrthern Hemisphere vith little or no debris coming 

out near the equator and again som1 but lesser a.mounts of fallout appearing 

in the South Temperate and South polar regions. 

Actually the observed distribution of strontium-90 is similar to 

that discussed by Maohta. The only trouble here is that such a pattern 

in the Northern Hemisphere could be in large part a reflection of the 

faot that the nations who have done the most w01apons testing to date 
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have done so quite extensively in the Nwth Temperate Zone and farther 
r 

north. The observed fallout pa.ttern might thus represent distribution 

or tropoapheric fallout. Undoubtedly, an appreciable part or the fall-

out observed in the Northern Hemisphere ia the result of this mechanism 

of transport, but whether this mechanism accounts for five or ten or 

more me Sr-90/mi
2 

of the present average of 30 mo Sr-90/mi2 in the US.A 

is at present uncertain. The pot oollectiOllll of the AEC Health and 

Safet1 laboratory in New York City (15) show jumps in the amount ot Sr-90 

oolleoted during the winters ot 1954-55 and 1955-56. There was a definite 

increase in the slope Of this cumulative tabulation at the time of OperatiOD 

TEA.Par at the :Nevada test site in the spring or 1955, but~ the :following 

year the increase occurred prior to the beginning of Operation REDWING at 
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S!1!J!!! .Pl mm !IMl1 (OODW.) 

...-, 001-1da 

~ ....... 
Quite, ...... 

Dllr.w1 7nMh Vin .AMoa 

1-1vla, u.mJ 

........_, ,.,. 

111mra,..,. 
l'....ad., Paklnaa 

~ S.tbAMM 

..... s.a, ...... U.S. 

e&u•.,., South RhodMia 

~,Taiwn 

Bangkok, Tba.Slancl 

Good data trca the8e atat.iona ld.11 go a long _,. toward olar1t1ills 

the pio\ure. A\ the - u. \be .AEO ta aaplS• v. nra~ b7 

..._ ot balloona up to 9S,OOO tee\. 'l'hia will pror.lde ame taotaal in­

tonaUon on the ecmoentftticu ot Sr-90 and other fill.ton produc\e at 

dU'terent alt:1"1daa met looati.ou in the stratoapbere. A recent.17 in­

augurated Departaen\ ot Detense high altitude sampling PJ"Oil'8B will be an 

~ aupplaaed to this. 

I beUen am ean ata'8 with contidenoe that two or t.hne ,..rs tl"G& 

now w will h8.'ft to depend much leu on hypotheses and uy even r.aw 



N"2ecl on a .t.1Jll bulll tU ~ ~ fJt ~ mf J111n, 

"1'1:1111 am tbe ...maid.• or the .... ot rmo1..,. debri.• t.o the tropo-

~· 
1M ~~,_. Dlatl':lbu\'la a -.u.•• ,!/!! ~ !!'l!!D\Y.t.V 

Dud.q \be peat •""1 ,.an ...-..1 \houanda ot .-plea ot tall­

°"' U\edal GD IBIL .-cl J'&Pel"1 in pot.a, in ..U, in .W, ia Jdlk and 

... ~ad in,..... .. mdMl ........... alaa1 u .... 
haw Melt eo11eet.ed in the UntW statee ad tl'9 all ONr tbe world. 

!hq h&ft been ana11Wf tcr pO.a gw acttvlt;y, ra:tnd beM gma ans. .. 

1t7, tor stroat.ita-90, tw ONd._.137, oer.1. ..... 11.J.t, bui,....llaO, and a 

n t• tit .u.. t:leltlea PJ'Odllne u wll •• • Sllllwd aoid.Y.LV.... ID 

ger:mial, ve b&Ye u m.uoh or ..,. fallcu\ on ttJ9 Utd.ted state• u &JV'­

lthel'e in the world cmtatde ot rmolea.r 'ftA1'CM ten sites. Furtheaore, 

__.. Tlll.uaa ot Sr-90 in soUa and tood suppl.1• in Northern United 

SU.tea are ae high as are toand in other ldllilar~ large g90p'Apbie 

anu. 'theft u:r, howvw, be 1D lWIOte local!t1as areas with greater 

~ soil content ~ Sr-90 ot wb1oh we &N as JWt unaware. 11kewia, 

we know that b 19$6 in one area in C&rdigan ¥1&1.ea, where the soil ie 

atnmel)" lw in calc:l'Ull ( 0.3 pa/Kg), bone• traa a eheep grasing the 

II.Na haw shewn u high ae 170 'Jl:fO Sr-90/p ea. 

Probably the most reliable 1ndu of total .tall.out to date in a 

giwn area 111 to be foam in analyaee ot caretull7 selected soil eamplaa. 

Dr. !.yle Alexa."lder, "(J.S. Department ot Agriculture, has been in charge 
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or the United States soil sampling program and has collected mny of 

the eamples 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 eampled in 1956 and most of these 

aitea are being reaampled in March, 1958.. Samples are collected from 

level open areas \D'lcultivated and with low ground cover such as grass. 

Samples are taken usually Cl.own to a depth of tw inches and again from 

two to ei:>C inches in depth. The amo\D'lt of Sr-90 found per unit area 

sampled is readily converted to equivalent Sr-90 per square mile. For 

the tirst several yeara of sampling the top two inches cont.a ined prac­

tically all of the Sr-90. Recent samples indicate penetration by BOJD9 

or the Sr-90 to below this layer to a depth of several more inches. It 

baa been olearl.y shown from these studies that in u..s like Antofagasta, 

Chile, where there ie eseentially no rainfall, there 1s practically no 

Sr-90, 1.e., 0.02 in 1956 as com.pared vi.th 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 eam& year ranged only from 1.8 

to 2.9 mo/rni2 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 (1.3) 

clearly indioate that in terms of Sr-90/mi2 fallout has been heaviest 

across the Norlihern United States. Present average values 
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tw that ngS.on are &bod .30 .;mt. (We haw no data hal the pen 

1wl w.e _.rueed b:r the USSR an4 8a'8lli'9 st.nee ad 0.-Dl.n 

Qdaa). 

4nothe:r •thod ot •• pUag reta'ftd to earlier is b7 coU.eoUoa 1n 

nainlw 8'M1 pote. !belle ._1 .. P.• ... ...u.aaw. ot .. pJWe8' 

tno11 •• beinc ....s. n....u.,, ~ u thl cwd ,... mtwo111: 

whiola ..._ 1~ 1- rel'•IG•, vu_...... in 1'51 • hu &twa 

u data tor ..U.-id.ns both cnmttlaUft S.-90 dellOfd,Uon and grr•• doee 

~·· Food sapling actd...S.tii.e• haft eoneeat.rated on aUk tNn the 

Cbieaac> and 1'ft Tork milk 8Md ueaa u wll •• aarpling ot other fOOd 

tt.1d'.ta Mu. -. ..s ..... witll specd&l. reference to tooa wh1l'b oon­

ati\tlte principle sources ot ealcd.ma in the diete ot VU'iou• peoplee. 

Peak Sr-90 ~ ot td.lk in theae two reg:iou baa risen each year 

with a peak tar Per'ey'1 New Yark milk of S.6 ~ Sr-90/p Ca in Nonmbel', 
, (HASL) 

19.)6. Hore recent AEO Health and satety Labor&tol";Y.Adata Ear Perr;y, Na 

Yen d1"1ed milk in term.a ot ~ Sr-90/p. Ca toll<Wt 

llMmber 19$6 - 3.16 April 19$7 .. 3.12 

January 1957 - ).8) ~ 1957 - J.91 

Febnar,y 19$7 - 4.02 

March 1957 - J.00 

June 1957 - h.59 

July 1957 - h.74 

August 19$7 - 4.2$ 

The higheet Yaluee :recorded in the United states have been f'raa Mandan, 

liorth Dakota, where in 19$6 the average of the monthly samples was about 

lO i•i:te Sr-90/ gm Ca with a high value in Hay of th.at :mar ot 17. ~:ore re­

cent HASL data .ror Handan powdered m.ilk follows 



January 1957 - 4.4 

February' 1957- 8.17 

March 1957 - 7.38 

- ?O -

April 1957 - 6.75 

>B7. 1957 - 9.79 

June 1957 - 10.91 

July 1957 - 17.33 

Interestingly enough, British data on milk Sr-90 f'rom six loaa-

tions for October, 1956, range from 4.6 to 10.3.(5). The same month 

Mandan, Borth Dakota milk oontained 8.9 µpo Sr-90/gm Ca and Pe%"17, Nev 

York milk 5.68. This va.s in spite of the tact that there was more 

strontium-90 in the oorrearpondina United States soils than in the United 

Kingdom soils. Undoubtedly milk Sr-90 reflects to a significant degree 

not only uptake of Sr-90 :Into the animal f'ood from soil but also Sr-90 

that has adhered to the plants in the field and hence has by-pused the 

soil. Thus, the lllilk data to some extent re£1ect rate o! fallout. 

rutalyses for Cs-1.37 have been done on milk and other material 

including living hUDBn beings and hunan urine. Anderson and Langham 

(2) have put 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 1n all anlyses are very small in terms of natural radio­

active potassium-40, in humans about l/2oth. Having a 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 Ca-1.37 con­

tent or hUil'lins reflects rather well the intake rate, while as will be 

seen later, the Sr-90 content of hunnns reflects its build-up in the 

soil and the Sr-90 to calcium ratio of the diet. 
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Samples of human bone from all over the world and representing all 

ages have been collected by Dr. J. L. Kulp (12, 20) ot Columbia Universit7 

and analyzed for Sr-90. The most recent data, 1956-57, indicate an 

average in smll children {a few months to a few years old) or about 

o.s wio Sr-90/gm ea. Samples containing more than three times this figure 

have not been reported tcr this age group. Older children and adults run 

appreciably lower. Interestingly enough and not inconsistent with the 

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

United States and tor Western Europe an not ve17 different. 

The gt'egt of Amgultyro.1 Practices 

As mentioned earlier, such farm practices as leaving sloping grotmd 

bare to erosion by wter er by wind can move the fallout from where it 

tell to some place of accumulation. This, of course, mkes tor nm­

uniform distribution in an area. 

The vertical distribution of fallout in a soil may be altered by 
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tap'lenl"11d pncU.w ...... ...., pl••· Ne obmce• .. poeltltn 

ot b .t&Uw\ with ~ to tM "'°'1 ... ot ti. -.. Ia the cue 

ot •Uw•IPOOMcl..,. aob u ... _..... &1lfll _.,. ~- tbe 

..... pl..S .. ...,. ~ ndtloe ....... ~ ~. ..., .,.., .. 

ean ..... enl.1' a leld'old .-.. la -"*" by tbe pl.mil t.na \belle Mob-

lmloal ao.U ........... U.111• .. 1 ..... , ... ea.ll will •••'lftlat ...... 
.....,., ......... , .... ~oal-- ntd.o. 

Jiiii ~ !I Ml-' ..... !!IWY!! 
,..._ Nlon _... _.,.,._ wawn, .vew, iu.. _. ..... s.a 

quiekly &.W uUke ~ on Nil vtd.oh •' t1m S.. coDMlltftted 

S.n • ta '- inebee and N'llHl.7 an1lable to a ~ ot *11• rooW 

planw. In bub vaten the Sr-JO 1• taken up by the pl..u\ and animal 

lite and nntnany Ntt1ea mt !n the lake bottaa or the mud et \he 

l"lwr., 0,.. •ten o.lao contain more • lee• eoU and pOIJd8ncl rook in 

9Ulpalllon vhieh M1' OUT1 t.htt b-90 with it ~ it by aedS:menta­

\ion. 

In the cue ot water th&\ omea .tr. wn. and 8J*"1DI• tbe Sr-90 

bu been J.utpl.y rellOYed by filtration through the solla. Mind tiu:l.on 

prodtln tropcapherio fallout 1n open lakea anr1 riven h&a poaed a probl• 

at the t1u ot fallout to certain indutriea like tJw phot.ographio fila 

in&tatry, v1".1eh 1?1'1'0lve procesees requiring large TOlmRes o£ vat.er which 

must be enn-17 low in radioactivi\y ot any son. hara the standpoint 

ct ettect en man fallout into waters !rcra weapons ~has not con­

stituted a major concern, although drinki.ng water made directly from 
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melting snow has been found at times to contain level.a or radioactivity 

higher than that in the more usual sources. In the event of nuclear 

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

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

Sourges or Strontium-90 in p;ia;ta• 

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

of fallout was increasing, a major share or the Sr-90 in forace consumed 

b.r livestock vaa from direct fallout on the vegetation. Since the level 

baa increased 1n the soil, th• indica.tiona are that most of the Sr-90 

now gets into the plant by w.y ot the soil and root uptake. Experinents 

with black-eyed peas, lima beans, and snap beans at Beltsville, M9.ryland, 

during 1956 indicated that only a SDall 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 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 blsed almost entirely on the 

testimony of Dr. Li:rle Alexande:.:, Dr. Robert Reitemeier and Dr. Alan 

Seymour in The nature o:[ radioe.ctive fallout and i~s effects on ny.n, 

Hearings before the Special Subconmittee on H.adiation of the Jolnt 

Committee on Atomic Lnergy, Congress of the United States, May 27, 28, 

29, and June 3, 1957, Pa1•t 1, pp. 512-523. 
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!1!!!"15J!!1.!! !!!R! H lla\a. 
A. mmbel" ot •td:l.. ot Ula \1.ptake ot Si'-90 haft been undertaken 

vl'Ul a nr.l.ety ot .t1eld cropa. Oonaidenble 'f&ri.&\ion oecnre tna one 

...... '° UOtllli-. 

1be ..... ion s.. •• tinl.y Ml.ti bJ' \he Nil evtaeu tu\ i\ 18 

no\ nadil.7 uailabl9 to pl.MU. I..Uc-...,. t.be MN eart.ba and plut.oD.1• 

• oe 11\U.. tlktm up b7 plante .tna 8Cd.la, b•noe• th ... elmuau 

bM- fll 1nteftA GD1y to ta. atea ttaat Vle7 are d9pue1W ~ 

on toode\11.tt• or in vat.a euppllea. All nidaoe &'ftilable pcd.nta to 

a rather 1aqe dilMS1'"1Jd.natlon tut.or tor t.b9 u.ptake ot eesl• t:rm soil. 

Henlel and Heald tomxl a tact.or of SO in t&YOJ: ot tll9 uptake ot potu­

ld.• rel.AU.ft to oeaia. lrl.denee tor d1aer1rd.na1d.on against, tM uptake 

ct atronUs nlatin to cal.GS.um 1• oontlioting. Under field conditi-. 

at 9.3 aitu in 11 states no diaeriJlinat.ion, on the average, vu .round 

~the ratio of ealcd.• and atrontt.ua in al.talta and wheat and the 

ratio 1n the cimbangeable tora in the ao1l8 on Which tbq were grown. 

A• Alexander baa Pid, theft 1111' be no s1Jw1e answer to t.he question 

but it ...., that one should not count on a large d:18erilldnaUoa taetor 

aga:lnet atrontis. " ••• At the preaent ~ in tJw United Statea, we 

can .tind fonp that hae lr-90 to ealcia ratios that are lower than,, 

higher than,or equal t.o the rat.to ot these el•enta in an exchupable 
I 

.f'ona in the aur.tace horisone ot the ecil.8 rrom whieh the forage .-.• 

Theee variatiOllB are probably due to unequal distribution ot the tilSion 
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pJ"educt1 a4 ~ Mlof.• 1n \he HU,. and 1'U'1&ttoae in wtl&t 

oou\1.awa the root _. ot \beee partioul.u plaute. 

Stron\1~92 !!!\ C!!b!dJ'.l 1n Keat ,and. M1}:k 

Celd.m-lJT in the ctl.H ot ~ u bel1ned to ome a1-t. .... 

""917 hell dil'eo\ ~tl- Oil the plaa\. 'fbat. ~ ..... eaU 

le bound up to &boat ,,. and -- le no\ ... up b7 the pla:a\. ~ 

C.-lJ7 i• 1npaW 101t11 to l>leo4 ud MR u .. 1. h pea\ bulk ot 

it ta f...s b .. ,,.... ... ie .... Lib potalNd.•, it. -- OftJt 

tairl.:1 ~ 1n the bodJ with a halt nlidenee UM in ..... ot 

abftt 1LO d&Ja• In comrut to tM .... v:lth Sr-90 the boq HJltent; 

ot C1-137 retleete urw mul7 ta. rate ot intake and 1• not ounl.a\iw. 

In other wrda, \he eqtdlibrl• ltate 18 aohifi'ed in at• llOlfthe• In 

ti. cow, Ce-137 l8 uented in tM milk aa w1l u in the 'Ul'l.n9. 

MaJor sources or Cs-1.37 in our diete are \hwt Jle&t and nd.lk. Ae lona 

aa the rate ot teaUng in tens ot tiaaion prodAlct yield i •du what, it. ie; 

Ca-137 aa an internal :radioactd:re ~ in huaan beings will be rel­

&tiftly 1mdpit1oant. (See ealier sect.ion on Ca-137/K-l:O re.\io.) 

In 111.,....1, St-90, like calcS.ua, ia found tor the most part, ovv 99% 

ot it, in the bone. Tbereton, meat is exceedingly low in Sr-90 and ie 

.a relatively Sr-90 tree and equallJ" o.alciua-tree it. or the diet. Moat 

contains only about 10% the oalcia per unit ot vet weight that &Uk does. 

Uptake Btudie• ot Sr-90 in nd.lk-tree diets in rata, goata, and hUIUWI 

indicate diacrhd.nation againat Sr-90 in lavor ot oalo1um ot about. 25%. 

According to Corur, Sr-90 in rtdlk i5 les8 discriminated against, about 
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55% uptake in relation to calcium. F.quilibrium state studies in humans 

or animals have not yet been done so this nay be a pessim.1.atic figure. 

The oow does a very good job of discriminating against Sr-90 in the 

formation of milk. The milk has only about l/7th to 1/lOth the stron­

tium-90/oaloium ratio ·of the cow•s diet. (1, 7, 8) Comar has described 

soma factor present in milk which if taken 1n at the same time tends to 

increase the Sr-90/calcium uptake ratio from vegetables towards that of 

milk itself (9). 

Prese;t I,evei«s of World-W!dt l)llgyt Cont:e1ioati29 

find Pr!digtj,Oll§ ror the Future 

The discussions which follow concern themselves with levels of 

fallout and their biological effects outside those areas nearby nuclear 

weapons test sites where 0 mtal"-in9 fallout my 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 Humm Beings" (30). It should be kept in mind also that 

where reference 1s !.l'flde to the "present rate of testing" or "present 

plttern of testing' ve are not dee.ling with sometlling 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 fallout and as world-wide 

stratosp.lieric fallout have been different each year. In order to simplify 

the picture when extrapolating to future testing, ve have quite arbitrarily 

had in mind effects that wuld result 1o10re the ·~ tterns of testing prior 

to 1957 or its equivalent repeated h'J 1965. 
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At the present writing the exposure of hUniLns 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 yea.re according to the 1956 National Academy 
(34) 

of Science reportf Cesium-137, which is the source at an Lppreciable frac-

tion of this figure, has been shwn by Ia.ngham (21) not to oonoentra.te in 

the gma.ds above other non-muscle containing body masses so does not add 

locally in a significant w.y to the gonadal dose from Cs-137 in the muscles 

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

radionuoleides and o081dc radiat1ms in the general environment. 

Sr-90 levels in the bones of inf'ants and young children average 

0.8 pp.o/gm of calcium with an observed range plus or minus or no more 

than a. factor of 3. Adult bones contain much less Sr-90. There fol.lows 

a table developed at a meeting or an ad hoc groU'p called together by the 



Cencent.ratiou Pntdieted tutrttt. P.redS.cW Pntdiotecl ccnoen-

in ohildnllt ccmoenvatt .. tr&t.lma ln l97S tnUou la 1'7S 

tall 1'56 f'J-m ·~ baa all Sr-S'O it put tetta .. 

90 on p811nd,._ produoecl 'batch equ:lftlm,.. 

Eon 19ST 1'S7 repeated -...r.. 
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o.a 1.Stot 1.s •M J.J to 9 w Sr-9()/g Cl 1J9e sr-90/c ca 2 toS s to 11 ,, '° 10 lOto~ 
17r;e ~/1 ca '199 Sr-9Q a ea 

ABO a\ Ul9 ..,..uon ~ the Jed.at, c..t:~tee c Atmic &leJ'Q to at­

~ k HU.tie &'f'U8Ce Mve 1ai. wle ot Sr-90 1a the ~ion. 

(!be hll +.a oL a __,.,,. report or w.e RMting u to be toad in 

• the J'C.U Haringa.) 1'he 1."1.guNa ad pred1ctiona NllB&l"iM the eonelu-

81ona ~ the group and deal with the DOl'thweatern part ct the U.S.A. 

vhioh 1e taken u repra•entative of an ana with abOYe ~ Sr-90 

contamination with reapeet to the world u a whole. 

Tbe comdderat.ions l.Mdine to each ot the three estimate• in th• 

last tvo col'UMl18 .follow: 

* The nature of radioactin faUoyt; and its eftegts on gm, dee.rings before 
the Special Subcommittee on Radiation or the Joint Cormnittee on Atomic 
Fnergy, Congress of the United States, Washingtoo Government ~?rinting 
Office, Parts l & 2, 1957. 
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1. Qra tbe uu 1Ma tba\ tallcM\ et tlMt ...-...i (Uf6) 

nnt.ollpl-.lo ....._. -W ban* - 11r11ilj)bl.e 

~- .. the~~ ta1lftt. 

J. a. the ••• rt1.a th&\ a..-90 ...,..... . ._. tbe ...­

..,. 'be ........... uw. ............ \Np111•-­

~ uwe JC)OI. in nib a anm• tba\ tbt 

~ l&U"1dee 1a 1DU111d• 111.tb .... 

Id.at.ion~ to 'Uae ~on u a 1lbole oaa be -~ 

aa fOllOWISt 

MedS.oal x....,. ................................. . 

rate of tet1t1ns• {0.02 to 0.5 r>••••••••••••••• 
Sr-90 doee to bone 1n 197S to 11.ilM:ltantll ot 

northuatorn U.S.A. tl'GI pre'"'"' rate ot 

teat.inc continued through J.96S ••••••••••••••• 

1.$., b7 197S the dose to b<m9 ••••••••••••••••• 

o.Ur/30 JTS• 

-; \ !) . ~ ~ ,,, 

0.01 to 0.07 r per yr. 

0.3 to J.l r 
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!l!l!l!!!l. mme tt Jie ~ ,,_ Nim t-, at! 
a. ndl&U.. tatteow ot ~tan•,,_ • .,.. tentnc 

.. ~ etteo'8 ..... the-·~· n.. ...... ,,,,. JQnd 

'° ...... ..,. ....aw, u ..,. Mltld - ........ , aU. • .,,.. - .. 

~ ...... l'l&dS17 Nlated to ....... , "' .. llQ.dl.!@r -.u 
~ iaol'•••• ... tale ..... ot ..... flt bona ...... , ,... •• 

........ 
Ia \Ml fteld f6 ~ ._,. .. tllo pdMlpa1 haaNa vltb 

'lld.oll w ue ...,.... ._ w ......,. ._ ett..u ~ 1-t•Snc .u.attm 

.. • ....... ....... "'"'' theft s.. .. poad>2a rilk to * lmMD 

....... 'NllctlAa. .!btft ia ~ ......... ot .n.4la\1a **• 
u u. 811\Ue raoa ,,.. aubjen to it• voald rualt la a .nau.ca rate 

1illlla tftAl1Al 1-4 e111nti111all7 to dqradaiS.oa ot the apeclee. ()1 tile 

.._hand, the uldma t.olenble •tatd.oll nte tor hlaau, tolel'able 

in t&ae aeue ot s\11'1'iftl. ot \be noe, u 1* knolm. 

'1be oth81' ballU'd 18 the dau1pr \o- lnd1T16rala, b perllOMl 

~- ueoeiated ld:tb Ute bU1ib Mil lite ot a detM\1.ft ob1.l4. fttie 

1.A.s.-1.a.c. c.c.tttee est1m&ted that in the nomal coune ot nente in 

\he -- 30 yeu"8 100,000,000 obildnm v1ll b9 born in tld.a country and 

that tb«revill be among the. - 21000~000 with "'t;ane1ble• genette 

detffta. In the whole VOl"l.4 2,<XX>,0001000 ohlldren will be bom dur­

ing the - period, ot vh1oh sc-. h0.,000,000 will h&ft tucible genetic 
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..,.... Ub0riataakeaaatlae~.,..per~on­

IU'7 to doable the PF••-' ·~· ~- rate, tM lO r cleee 

,.. pnara.U• N8'1.cn8d 1D * H..&.s.-u.a.o. ftpOI"' u be1na ~ 

61e thovcb. not hulll.-9 wodd tdd in tb1 t1a1.ted statu .:a... SO.or» 
~le detecta Sa - ftnt -ti.on .. ~.,... 20 to JO 

..---. •• soo,ooo per c...U.•, w., ._, 16,000 per ,.. • 

.1. .._ fl o.u r to -. ,...,. ,. v.a • ..,..,.. J.- ut1..ate1 '° ., • 

......... .... ... Jll'lll•• .... ~ • .,... ........ ti8 ...,.. prodeoe 

Sa t.bl t1Jd .-uea an adctlfd. .. 1 650 perw w.lt!l tancS-»• pmUe 

ctetene, an&I 1t th19 rate ot ., .. _.. CGllt4wd th-. wvld enntu'l~ 

be '•SOC> par genenUon. 9"n wea1cl be in addi.tt.oa abGln s .. ooo _..,_ 
Old.o ... nec.mata.1. deatba, e\111-ld.riba and oldldbood d9athe in the 

tin\ pnen\ion and &hon so,ooo per pneratMD ewmuau~. '?bent 

woul4 alN be a ~"" unknolm mmber et Jd.nor 1ntucl'ble deteote. 

Wen the clole :recetftd by tt. ~ wrl.d population the .- (actu­

ally it ia lower) the tiguna would haft to be llUl.tiplied b7 20. In 

abaolute mmibe1"8 they U9 large. On tH ~ ha.nd1 when (llJe OGlp8.l'eB 

thea 1d.th the 210001000 tangible gennte det90te which are now oe~ 

1n Moh pnerat1on and the milllana ot .abJ")'Qllic, neonatal deaths, 

1t.Ul...\d.rlhe and childhood deaths trca genetd.c oauaee, the7 are a 

IHll traotional increaae. the etteete ot medical x-~ could be 

said to be adding eventually about l/l.)th t.o the pre.a u.s. total, 

while tall.°'1i "•t tba pnaent rate ot teatlng• woW.d add an 1ncraumt 

ot abed 1/)00th. 
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TheM t~ an bued on mmdnda ot a:perl.menta 1n fruit ru .. , 

a tw Yfll:'1' J.aa-ge ~ inntl'dslg bandl9da ot th...- ot Id.le 

in wtd.oh onl1' ...,. ... loei bue beu 8'ud11d, am ti. luge b\8&11 
' 

~ a"\"'7 ill Japan b7 \he A\alio lcmb Cuualty ea.tlldoa plu a 

~- m..n gene"1.oe n.uu. 1a ...,.:l.nad1&W populatit>U. !b9 •nt­
a&'M• an ontde and mat be SJlproved. ' !hen U8 DMded Mcllticma1 MN­

f\11 hvwl awti.o• n.uu tznolY1111 a vw.._ aawin et vuJc -

••Jd• acl9utlge ot ........ ~-- WT1ap# ... mac ltloocl 

~ aa vel1 u .,.._ indleu or _...., ....._.. en. - t1ltt Mc Pi'd>-

i.. s.. the taet V.t -. m.n abaalllaliU.. - in tan, .n - are 

not cleu'lT delineated aa ...,_ p.Mtlealq ~ er d~ 

in origin. Indeed M117 ot tbea .. like ... o.U.a, ..... to be the reeul.S 

ot both gcmetie ad~ tac\on. 
I 

It bu been ~ ~ that radS&Uon autatiom an csmla-

t.ift and dUeotly proportd.cmal to doee, 4-n to aero. ?9' below 25 r 

no atwliu have been done in other '1lan s~le-celled Ol"plli••• Su.oh 

•Wdi•• ~ nner be dOIM.t in .....:J 11 £• in order to teat accuratel.T 

cmtn a tn lccl at 2S r would nqutn an aptri.aent innl.Tinc a m1llion 

or lllCl'9 indi 'f'icbw' •• Thi• means that l'lt1eb aen basic wark will have to 

be done at t,he ~lecul&r lewl \o establish once and £or all that 

tbe single bit ccncept of radiation induction o.t gene muta\1.on which 

HeJU to hold tor baeteria.1 virwsea and tor the fruit fly hold far 

11ua.nw1als as well at low doae rates and with lCW' total doses. Meammile 

we aust aecept tld.a bypotheld.• tor' there is littl.e t.<> no evidence to 

t.'fi.e contrary. 
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l·lfe SP!A 

To.the beat of our knowledge, except tor high level radiation to 

vital organs, the life shortening ef'fect of ionizing radiation is the 

result of total body exposure or it may manif'est itself in succeeding 

generations as a. result ot genetic damge. There is considerable ex­

perimental data in Bmllll :nalllll81s on the e.ffeots of fairly large single 

event vhole body exposure, i.e., one to tvo hundred r and more given 

either once or repeated. There is considerably less inforr.iation at 

amalle~doee increments. In 1•nen.l, it can be said that with large 

increments (100 r or more) there ia a curtailment of' life expectancy 

from the time of •X?osure of approximately 25% per ID/50. 'thus, a 

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

expeotanc;y from tbat point on by roughly 12.;%. (28) With maaller inore- .... 

menta, several r to upwards or 100 r, the ef:fect in experimental an.ins.ls 

is less marked. Probably this can be explained an the l::asis of a partially 

effective repare.tive process so that the curtailment of life expectancy is 

a little leas than ]$ per 100 r. (4) If this holds for h1.ll1Bns a group 

of persons vho had accumulated at the age of 45 years approximtely 100 r 

in increments of several roentg~ns at a tillll9 a.nd vho would normally be 

expected to live another 25 years would lose an average of 2-3 months 

of their life s~. 
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'?hwe ia no a.tin:lti:n infa&"lll.ation at, l• do• rates, 1 ••• , 0.1 r 

pa· da7 · • 0.3 r P9I" week, vhieh 1• in the rull8 ot the pembeil>le 

leftla as raoo 11t1nded b7 1ill8 Inttraational Coad.anon on RactS.at..1.o Pro­

teetd.on. A lfltl ape1'1.,... a't b• l.eftla baff been dcme 1a 11!1.o. and 

rn.. Ill _. 1...,_ ~JM a....- lil'e span ot the irndl&W P'OUP 

vu "1.isb'lr biper than th.at ot tbe catrol.. I\ appeara .. bowHtl'1 that 

1ill9 apuilw ttt..n 1• .-.S... lliddle lite a perlMlp9 obrGaio 1- 1..i 

apcet.tft bu •-•on ot ~ ett•t by permit~· euniftl 

ot exper.laental u4Ma1- in the p:reaenoe ot owtain eotoparaaitea. In 

&1J,1 ewn\1 ta. 1__...uved ard.ula in the 1nadiated group do not. live 

&rq" l.onpr thla tho lonc--llve4 aid Ml 8 in \he cGlltt'ol. grovp. in.. 

cau ... oE death in these low deee leftl uperi.menu are not :no~ 

tbwgb. 1n one apvi.Ment there -. an ~ in the mJllb4Jr of ouea 

of leuk•ia. ROllf8V9l",, there vu Dot a nttieient number ot cws a~ 

1ng -.rly in Ute to 8Ving tb9 over-all etat.1.atice one ....,- or another. 

A doae nte ot 0.13 r per ,30-year period would reduce the average lite 

span by a\ th9 moat a rw da;re. 

I~a 

The preMnt leukeaia rate in the United Stat.a is ~tel;r 

ll1 lt00 cue• per year. It ie. an established tact in man;r c:porlments 

dona on a.rnula t~at largo dose• of. r&diation induce 1euk«da. In 

s<:Ge a:per,lmnt•, althoiu&h the total number ot eaaee was not inor'eAeed, 

the onset we greatly accelerated by the radiation exposunt. Though 
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the data from the Atomic Bomb Casualty Commission in Japan are still 

:tragmentaey and will not be complete for a number or years, they can 

be irl:erpreted as consistent 'With the concept that large eingle doses 

of radiation to lD!11l do definitely increase or accelerate the appear­

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

of leukemia among radiologists is consistent with the hypothesis that 

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

even when received in small incre•nts, are leukemogen.io in some indi v1dUEt.ls • 

Finally, the study ot Court-Brown and Doll in ~gland on the incidence or 

leukemia in radiation-treated patients with spondylarthritis ankylopoietica 
i 

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

leukemia. (10) The control group .f'or this study is so small that one 

really has no.information on what.the inoidenoe of leukemia in ""1lese 

patients vould have been without radiotherapy. However, if compared with 

the incidence of leukemia generally among tbe British population as a. 

vhole the effect is clear-out. The available expurimenta.l data frOJTl 

fairly extensive studies in<licate that depending on the type o.f leukemia 

the induction curve may be either sigmoidal or linear. l<~or doses of less 

than 100 r in humans and in statistically significant numbers of e:xperi-

mental animals there are vary littl~ data. Whether or not there is a 

thrtshold for leukemia induction by .->adiation is not definitely known. 

While it has bean generally acc<pted among students of leukemia that there 

is some dose of radiation ;:ierhapa 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 

Berkele:;· (17) ha.ve propo;::2c1 the :1ypothP.sis that leukemia induction from 



- J6 -

ionizing radiation is a linear function of dose regardless of doal' rate 

and have suggested that for ea.ch mr exposure per year to the entire pop. 

ul.ation of the United States there would eventually be an additional 10 

oases 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 

31 333 cases per yAar were the population to receive 10 r of uan-im.de 

radiation every 30 years, the exposure consistent with the ~acomrnendationil 

of the N.A.S. Committee on Gen.atica. 

It has also been postulated that bone-seeking radioactive nucleids 

such as radiostrontium lllight be leukernogenic. The present average body 

burden of Sr-90 1n children in the United States is slightly less than 

l/lOOt.h the nBXimum permissible bone concentration for Sr-90 for tbs 

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

adult 1 Le., 100 micromicrocurie per gram of calcium. 100 µµo/gram 

calcium would lead to an exposure to nearby bone marrow of about O.U 

rad per year, and that is, et bout 10 rad i.'1 a life time or leas than 5 

rad in JO years. If Le-wis 1 hypothesis is ·~orrsct, that leukemia induc­

tion is linear \rlth dose to the bone r!Bn-ow, and '\..'ere all the bone marrow 

to receive this dose, wh:f.ch it do~is not, such a body burden for all 

people in the United States could mean un additional 5-10% increase i."l 

leukemia (500 to lCOO castts) each year. There is a considerable bcdy of 

experimental data indicating trw.t with larg6 ;.;>ir1gle doses leukemia does 

not result if a fair fractlo:1 of the l:.arra. topoic-:t.lc systeiil is shielded 

from total body :r-adiat:i.on. "ith a certab type of mouse lymphom, even 
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etf'eot of a large single exposure to radiation (18). One of the problem& 

in attempting to estimate the leula.uaoganio ettecta ot relatively low 

doaea ot radiation is that we do not know the proportion, U' any, of the 

present incidence of leukemia vhich :nay be the result of natural radio­

aoti vi t7. Undoubtedly, hereditary faotora play a role. Carcinogenic 

hydrocarbons are know leukemogens (29) while in experimental studies 

susceptibility to radiatiai induced leukemia can be appreciably altered 

by artU'ioially induced endocrine imbalances (19). It is logical to 

&88Ull9 that endocrine factors as well as ohemical &nd hereditary ones all 

play Dajor roles in determining the •natural incidence" of leukemia. 

It a µpears then that if leukemia in general or even one type or 

leukemia can be the result simply ot a radiation-induced somatic muta­

tion untempered by' homeoatatio faotora, t&ll.outat the present rate ot 

veapons testing could, on the basis of certain assumptions as to the 

number of cases or leukemia due to l:ackground radiation, result in thia 

country in some 30-40 ad.di tional 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-ra.ya (27,000 per generation). It small 

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

prOduce leukemia in the mnner postulated by Lewis, fallout from con­

tinued weapons testing "at the present rate" could eventually lead to 

35 to 250 additional cases per year (l<XlO to 7000 per generation). To 

complete the story, one must keep in mind that co-caroinogenio factors 

and additive factors may in certain sUBceptible individuals prepare the 

way for a small dose of radiation to trigger a case of leukemia. 
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Bon! Ca.peer 

The preaent ino1d~oe or bone aarcona in this country is a bout 

2000 cases annually. What, if any, part or this is the result of na-

tural radioaotivit;y is not known. It is quite a;)pe.rent from the observatia& 

or :radiotherapists th&t a doae of external radiation of something more 

than 1000 r given locall;y to the bone ia required to induce cancer, and 

cancer induction by doses of less than 2000 r is a very rare occurrence • 

.As to the induotioo or cancer b,y chronic irradiation trom bone-seeking 

radionuoleida ve have a considerable body ot data in bum&IUt (3, 24). 

Practically all or this 1.n.formatioo deals 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 radiwa al,JO}i &8 bone :aarrow,.vhUe or the tvent7-eight lullinau dial. 

workers studied sixteen came under observation because of symptoms. 'l'hus, 

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

picture of radium and mesothorium t<>xicity 1n hune.ns studies have begun on 

several hundred additional exposed ~ersons not known to have symptoms at 

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

attention bf bone cancer in an individual exposed to '.)ure radium salt in 

adult life who had left in him at the time of observation (usually ~Q...30 

years after the material w.s ingested) less tl!rn 1.3 microcuries of radium. 

The National Committee on Radiation Protection and the Internatione. l 

Commission on Radiological Protection have taken a little less tmn 

l/lOth or this figure, 0.1 microcurie, as the permissible radium burden 

for adult workers and I/10th of that or 0.01 µo for the population as 

a whole. "'1th radium the exposure to the bone is not uniform. If it 
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were, a parson with 0.01 microcurie would be getting approximately 4 

rads per ;rear to the baie and one vith one microcurie vould get approx-
... 

imately 40 rads per year. Since radium distribution tends to be spott7 

one must think in terms of localized areas receiving 10 or more times 

this average exposure. On the other band, Sr-90 tends to be much more 

evenly distributed in bone. Thia would be especially true in growing 

bone. The radiation from Sr-90 is: a moderately energetic beta ray as 

oppoaed to the princip!Llly very short range alpha radiation from radium. 

The dose to the bone then vill be *"1oh more uniform. There is experimental 

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

the distribution of the l'B.diation in bone the more tumors are produced. 

One hundred pµo of re.diostrontium/p calcium, the presently considered 

pera:l.asible body burden tor the. ~ul&tim as & whole, would give about. 

0.28 rad per year or 20 rad in 60 7ears, 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 

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

incomplete, but the evidence to date seems quite olear that the curve 

for bone tumor formation in mice is either stee;lly sigmoidal with much 

less rela.tive effect at low doses or that there is actually a threshold 

at about 10 microcuries per kilogram at body weight. In other words, 

vary few if any bone arcoms will result from 100 uuc Sr-90/gram of 

calcium (14). 
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Wor1d-Hide Fall gµt Effegts j.n the Event of a ljuclear Wu 

in tQt Hortbem Htmi•'*m 

Assuming that "the present rate of testing"' lies somewhere between 

5 and 10 megatons of fission per year, we can very crmely extrapolate 

to the vorld-vide ef'tecte ot a nuclear war looallaed 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 oases, and 

the ef'tedt on average life span as estimated above to result f'rom the 

"present rate of testing». Any Sr-90 effects vould 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 



(8Ul'face bun• to a1r b\tl!'R iulo) ~ to \bft wbioh baa per­

Wmd ill wapona -.W w date. 

OauUoa ehoald H .,-.swt iA aueh 8tnpol&Utn1 beoeu• _. 

a.am:- haft been bued on b um.w state• ~· 11h:loh an t.o 

• ll01'e t1aea ~ than tur aoutt.N ~ oountr.tu. "1rthe­

aore, a nuol.ur nr would be aa a stncJAt ..,.., not a ~ rate. 

Far iftlf\anee1 the genft1o etfecta tl9 g-. 1111ta'bicm 1-.. 1ICU14 

not build up \o an ~-.. but Wtald fl'8lllulll' tall .tt .at• tblt 

t1r8' ~'1ctl to that .......... wlth ..... ~ #ftte16'al 

~· ~· Lllrad.8I ..,. ~ r:I.• in the nabel" ot 

.......... l'UU1.t111C tNa ....i wbole bocl.7' expMUft WDUld -

lild.W to a nrcte genuatd.on __,. u the "background• apoaul"ll ,.. 
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Cb the other baDt, my Sr-90 ef't"'8 woalAl iurolft ......i ~tione 

but in dild.niah:1.ng d.qree. 

StHWa 

~ biologtoal etteoU wt.d.oll ltq be iDDuned 1t ~ atad.o tuts 

or their equi't'8lent an repeated b,- 1965 ~ be ~ as tollorinu 

1. Genetic Rttocta 

The e.U..te fO'J!' the genetic ettec'8 in tenu of gene ata'llone 

is based on a wealth ot acd.entlt1c data arxl vhila not abso1utely p1•owtn1 

the burden ot proof should lie with those who question it. The qti­

utu indicate an inoreaae in the p.l'M8d inci&moe ot •ta118ible• 

~' ' . 
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