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detonation of nuclear weapons. It has been extensively ~tudied 

and reported upon _/ - _. and, in general, although certain 

questions remain unanswered, the broad characteristics of the 

behavior of radioactive fallout have been established. We might 

take a few minutes to review these. 

The stratosphere, the top 114 of the atmosphere lying above 

about 4J,J00 feet, plays an extremely important role. In fact, 

the fallout from megaton yield weapons occurs very largely from 

it while the troposphere is the medium which disseminates the 

fallout from kiloton detonations; thus, speaking broadly, 

stratospheric debri~ is from H-bomb detonations and the tropo-

spheric fallout i~ from A-bomb6. It i~ not that the yield of 

the detonation is determinative, but rather the altitude to which 

the fireball riseb that determines the fallout rates. The mega-

ton yield fireballs are so enormou~ that they btabilize at levels 

only above the tropopause -- the imaginary boundary layer 

dividing the upper part of the 
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the lower part, the t:i.:opospi.1ere -- wl1i.le the kiloton yield fire-

balls .stabilize below the t· .. :opopause. The trJpopause normally 

occurs at somethir.c; like 4J, JJu to S:J, JJO feet altitude) although 

it depends on season and location. In ottter words, low yield 

bombs fired in the st.cat·.Jsphere would be expected to give the 

same fallout rates as high yielJ weapon& do when fired in the 

troposphere -- or on the surface. There i~ ~ome ~mall· part of the 

fallout, even foT me0 aton yield ex~losions; which does come down 

from the troposphere. 

The stratospheric debris descends very tilowly unless, of 

course, it i;;;. so large as to fail in the first few hours. This 

paper is concerned only with tl'1e world-wide fallout -- that is, 

the fallout which does not occur in the first few hours and 

excludes the local fal~out which constitutes the famou~ elliptical 

pattern which is so hazardous because of itci radiation intensity, 

but which, in test operations, i::. carefully restricted to test 

areas. It is worth men~ioning in passing that the local fall-

out may be the principal hazm:d in the case of nuclear w·ar. 

Most serious attention should be paid to it in civilian defense 

programs. 

II. WGJ.LD-WIDE F!\Ll..OUT 11ECHANISM 

The world-wide fallout from the stJ:atosphere occurs at a 

slow rate. The cate of descent of the tiny particles produced 

by the detonation~ i~ so small that something like five to ten 
r:( ~ce 
~·~-vO 
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yea~s appears to oe the average time they spend before descending 

to the ground; cor~esponding to an avera6e annual rate of about 

ten to twenty percent of the amount in the stratosphere at any 

given time. It iti not clear as to ju~t how they do finally 

descend. It seems pdssible that the general mixing of the 

stratospheric air with the troposphecic air, which occurs a& 

the tropopaut>e shifts up and down with the season as well as what 

ici brought about by the jet streams, constitute the main 

mechanisms. The descent of the stratospheric fallout apparently 

i~ never due to gravity but rathe:c to t:he buik mixing of 

stratospheric air with tropospheric air which brin6s the radio-

active fallout particles down from the stratosphere into the 

troposphere where the weather finally takes over. This mechani ... m 

makes the percentage fallout rate the same for all particles tco 

small to fall of their own weight -- and the same as would be 

expected for gases, providinc; some means of rapidly .cemoving 

the gases from the troposphere exi~ts, co the reverse process of 

troposphere to stratosphere transfer does not confube the issue. 

The world-wide fallout from the stratosphere descends very 

slowly and one of the questionb unan&wered at this time is just 

at what rate it does descend. There have been vari~us estimates 

from 10% per year to ZJ% or even higher. But everyone iu agreed 

th.st ~!:le str'.ltosphere does hold its cadioactive fallout for a 
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much lor!.::;e-r- time t~1a!1 the lower part of the atmosphere. In fact; 

the stratospheric material has a residence time of something 

like several years and we shall estimate, in the course of the 

discussion, that this fi&ure is eomething lil\.e six years, wherea& 

the troposphere has a mean residence time .)£ about one month 

' 
with the lrn:1er lJ ,uJO feet of it being washed. clean on the average 

about every three days. Between 10,JOO feet and the tropopause, 

which i~ at something like 4U,OJJ to SO,OJO fe3t, the residence 

time is perhaps 45 days for a mean time for the tr0posphere 

of about one month. Thus, we see that radioactive fallout which 

i::.. injected into the troposphere is restricted to the general 

latitude of the detonation& for the rea&on that the residence 

time is so short that it doesn 1 i: haye time to mix epprP.ciably. 

latitudinally. 

The principal mechani~m for removal from the troposphere to 

the surface i::. rain. The tiny f.:.l.lout particles l:i.t cloud 

droplets and stick to th~r:i. Becau::..e the part.icl~s ar·= so small 

(perhapt; a few hundred '3t.omic <lia·'.!leters) they are subject to a 

violent random jig;;ling motion due to collisions with air 

molecules. It is this motion whid1 cau::;es them to hit the cloud 

droplets. This motion is cail.ed tl~e Brownian motion. In fact, 

for a particle one micrcn in diar!:eter G.L·eenfield _/ calcuiates 

that the mean residence time in a typical cloud of water drop-

lets of 2J microns <liameter Tr.,rill li~ between SJ and 300 hours, 

:y' , 
-·--·.L . _, .... -.. 
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that for a pa~tic:e of .04 micron diameter it wiLi be betv1een 

30 to 60 hour&, and that for a ~article of .Jl micron diameter 

it will te betw~ca 15 to 2J hours. The them:y calculates the 

<liffusion due to the Brownian motion and says tnat it is juht 

U·.:~.S·-I!lotion induc(!d by the collicions with the air molecules 

which makes possible the contact between the fallout particles 

and the cloud d:cops. Since this theory is based on first 

principles with the single assumption that the fallout partj_cle 

sticks to the water droplet on impact -- an assumption sc 

plausible as to be almost beyond doubt -- it ib no surprise to 

learn experimentally that the Greenfield theory appears to be 

correct. 

There is essentially no ·i;1Jol:'"ld-vdde fallout in th8 e.bsence 

of rainfall; i.e., in desert regions -- exceFt fer a little 

that stick~ to tree leaves, blades of grass, and general surfaces, 

by the same type of mecha~ism GreGnfield des~ribr:s in the case 

of clouds. Thuc we ce(~ tl1at 5.t i..:; t:1e rnaistu:cc :1.n the t-:copo-

sphe-:ce which acsuTes the shC>rt lifetime of the world-wide 

fallout particies and, that when the stratospheric ai::: which 

contains essentially no ~oistuTe* and, therefore, has no cleansing 

*Note: The t.Jtal water in the ~tratosphere is about .01 gms/cm2 

while that in tl:e t:coposphe:ce L, ai:.;out 2 gms/ cm2, 200 

times as m'.Jch. 

- -·-- - ··" 
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mechauL .... m, G.esce11-::.i.s into the trJposphe::::-2, the t:copospheric 

m~iotur0 rroceedE to c1ean it up. On thi~ mcdel, we see that 

f,~,~ sutimicron faliout particles, weather phenomena are control.iing 

and thc.i.: t!1e bcr:h:c. wh:::.ch have insuf fi_cient energy to iJu~i-i their 

fireballs above the t:copopause will have their world-wide fall-

out brought down in r-aindrops in a matter of about o!'.le mci:;,~~h 

on the average, in extreme contzast with the st~atospheric 

mateJ:"ial which apparently ::, L:r::,rs aloft fo<.:.· years on the average. 

The contrast between i:h=s·2 two li.£.stirnes mea:.s t:1<0:t the 

concentration o2 ::ad5_oactivc fallout :!.n the stratospheric air 

in te~ms of equal denLities 2£ e~~ is ~lways mu~~ ~igher than in 

tropospheric air. T:1 i.s h3s bc~n expe::·ir:ientc:lly c b..;erved to be 

true. 

Data from measurements me.: de a:-: the su;.:f ace as 6iven in 

Fig0. 1 to 5 inclu;.;.ive e.r.-:= calcu.i.at:eci :L."·)ID ::..;u~face air filter 

measurements made by the Nav~l ~adioio5ical Defense Laboratory ~' . 

Figs. 1 and 2 present the mixed fission product data and 

Figs. 3, 4, and 5 ~ive data ottainGj by analysis oi the filters 

DOI A.BeHIVES 



anCi ca;_culatecl. as ;.·ates of stront::i.um-9 J fall.out. The caicu:i..a-

tioL of fallout ~ates f~om t~e air filter data was made by 

th::-ee d.n~/S. Ten thou:.:and feet i::: estimate.J. to be the ave:.:age 

t'l.ickn-2::>D of The obse.:veu. 

fnlJ .. out rate in Pii.:t::.bu:::;sh fo·.r ti1e [>arne pe~:-iod of time checks 

ve.:y weli with the calcu3..ated rate fo·.: Washing.ton, D. C., £.com 

the air filter data. 

Tabie I, ar.d II c;;ive the re&uli::.. of similar calcu.Lations fo:c 

both rnb(ed fission ~)L"oducts and air fil.te.: strontium-9.J data for 

various latitudes. The theoretica~ value~ a~e those calculated 

from the model~ acscrniL!..:J the ave.:·a_;e t::otlOcpheric .:esL.ier:ce time 

of one month a~d of the st~atosphe~ic mate~ia~ ten yea~s. 

The mean avera6e cm,cent:::ati::.m ~L the .'~owe-;: atmosphere durin.::. 

the last montl1::; of 19.J/ m.-.d the fL:st few months of 1958 was 

about l oi:..inte~~ation Je.i: minute ~e~ lJJ standard cubic meters 

o~ J.25 per stan~a~a cubic foot in the Northern Hemisphere. At 

expected to be about 15 times thi~ o:r: 3 to L!. 0.L:.integrations per 

mir;.ute fie;;.· ti.1.0.1:. an.C~ s tanda.cd cubic feet. T'.:li5 would be ~Jcpected 

for air ju.,t be.:.o\J the t'i:'opofiause in the hi0:1er levels of the 

t~oposphe.ce. 

~-Je un,je:..:,stan,:l the broad ~)robl.em~ of the resideLce time and 

i:lie scaven(;,iI•0 1ne~hard~rn fo-.:- the i:::oposphe ... :e. Ir. b:cief; fal1 .. out 
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of accretion in c:!:oudc by the ::apid u.i:f:fL.::,ive rnoverneLt.:. of the 

tiny pai·t:i.cies cau ..... ins them to li.it the c..:..0~_1G. aroplets. Ly the 

leaves: tree~ 1 ei:c., also will cau~e tle~osition. · s a 1:ecult of 

thi~ the mean ~esi~ence tlme in au_face ai~ up to about 

lJ,JJJ feet is auout th~ee clayL anO. the average residence time 

for the whole t·i'Ot)O[;phe.:-e is about one mont~1. The re&idence time 

for the hi0 heJ..· µa-:t, t:1e top 2;J, .JJ0 to 3j ~ JJ·..: feet, would be 

r:.'Jmething like i:.S day:.. ~1ith an ex~)ected. steady state co~1cE:ntra·· 

tiJn perhaps ten to fifteer. times i:he value at the L.urface. 

1'1ow let u.:.. tu:cn i:o ti.1e q~1estior1 Jf the .:·eE.idence time in the 

st:::atosp'.:-1ere. This :i..::. a ve·1:y ciiff:_i_cul.t ori.e in the absence 

of reliaLle data on the actua~ quactity of bomb jebris in the 

st_·atos?here. IL i:he absence of fi:..111 J.i:cec·t measurements, one 

makes estimates 0£ the stratosp~e~~c content by addin~ the 

amount of radioactivity wii.ic~1 i ... :. •• _: ecte1J., s.Jbtractin3 the fal:i..-

out and subt::acti~6 fc~ the decay a~~ thu~ calculatin6 the 

difference. In ·;:hL.. way nurnbe-.:s are de::eiveci. which can be U[.;ed 

to compare with the li.1adequate ir1i:o.~rnation ti1at is available on 

.::;t:catosphe:i.:ic coni:e;:-.·i:. t!o\il it i ... r.' t ai.<;rny:.. CJ.ea~ JU~t what 

f:,_ action of a ' ; r· 1 -uorn0 ).:aJ.l.C out locai.:j ar1d w~1at fraction goes into 

the ~t:.:atoE~Jhe:ce ar.J t.Loposphe::e. ~~o-~1eve:.:: ~ ceJ..·tain emi?i:.::ical 

ru::..es have been ~.u .. e.J to estirnai:e c .. J.ese r.urnbe-cc. Thece a:.:e: 

- ...Ao. -----

DOI ABeHIVES 



. " 
- 9 .. 

;;, 
~:.? ~>' 

(1) the me 6 a·i:m·1 borne C:eb·.;: is w.1ich does :~ot fall out local).y in 

1% to t!'le t~.:-o~),:,e;9he.ce; (:~.) iocai Ea!..loJC L ... assumed. to be ~.)% for 

.r:: ...... _,,. 

.!. .. - .,bot.:;; '") ' ~ ,- all ~<.il.oi:on _...i.1ot~ a.:-e assi0ned to the 

( ..:~ \ . / ascumed that the .:.atitu..:iinal spread of 

t..:.opo.sphe:.:ic bomb c:ouus i& on!..y lJ det;,rees with a .;,harp step 

function :catne:;: tha:.1 a no:..Lnal e:::-;:o::c curve di; ... t:Libution ar.d the 

._'ecidence time fm: L1l.s fallout i.c taif~:=n to be one month as 

descL"ibed above. On the babiG of ti.1eBe assumption;:;), kno~dr.0 t~1.e 

yie:Las and types of i>omb~ whic~1 ::.ave Lie en f i:ced, we estimate the 

total stratospi1e.1.·ic irivcb'.::ory anc or. the oaEi:.> of various 

i.:easonable st::atospi.1e:i...·ic .:eE.i'1ee.ce tLrne ;,L'e:lict the st::atos1Jheric 

faL.out ove:.: the earth; c, __ u .. ~:face fc,:: an av=:ra.;et.:t Ll.~cn~ity of 

t,trontiurn-9.; as cieO.Jcecl ln thi~ ma;1i:;.e::.: up to Janua·cy 1, 1959, 

calculated on the 0as:L::, of t·,ifo a~, ,Jumec, L"es1.deLce times --

:J arid lJ 1ears. 

It i::.:; intereLi:i::.16 to L".ote t~1e t:i:emeuC:ou$ :.:ibe in Octobe:c of 

last yea,: due to the i:U.:issian tee:: ~e:i:ies iL the po la:;: l:"e.jions. 

·bout a 6J% increaE;e ciee to a:..L e~i:irnated 15 me0 at-::m::. of fission 

iDjected into t:1e Li:'"'4 atosphe:.:-e in ti-1&t one month. Ti.1L, make& 

passible a sea~c~in~ test of a:1 t~e theories of ~tratospheric 

... 
' . . 



LJto~s~e, rnixin~ and fa~~~~t an~ in ~a~ticular of an inte~e:.,tin~ 

new one advancec. -recently by E. ·· Ivlartel..1. _,. D:c. r1a..:-tell' [; 

theo.cy i:... that wl.1ereat; equato..:ial ~hots wou::..d have i:i1ei.:: ::adio-

S(:t:J.ve debris dit.t.:ibt.Jtea uniformly i:n-.:ou6hout the :.-tratosphe::e 

a._ .... mi.;ht weli. come down accorJinw to a ~ef:oide1.ce time of 

5 i:o iJ year~ 1 i:~i~ ~:., not true for shots made in the ~olar 

:i.:eJ,ion:., as f~J..- the ,{us£ian tests. He su00e::;ts that the:;:-e may oe 

a di ..... tinction to be d:.:.·awn fot" these as compared to the U. S. -

Uritir.;h test~ carried Jut near the equator. For the pola:.:· s~1ot.s 

he suge;,ests a m1..1c~1 sho"i"·te·:c !:'esidence time - 1 year m: le&::; - anri 

ove~ the U0rthe:.o;.T~ Latitu:..ies of t~1e particu!.ar hemiq)he:.:e involved. 

T!1e Iuscdan Oct.)te~ ::.e:;.»i.ei:; ma~~eL a~. i:armeu..i.&te and Jefinitive 

te.;t po~sib..i..e. L~ TaL.i.e II we di;;,play the ctl'."ontium-9-J f aL .. out 

::ate fm: northe:i:r. .Latituc(es exr1ec;:ed nm'/ - on Dr. i··la~tell 1 c ti1eory 

o:Z c.orne 32 miilicu:;.:·ies of :...·c·;,:ontiuill~9v tle~- .... q..ia,_·e mile pe;.:· yea·r: 

wi::h an aveJ.:ac:;e a0 e ~ucl1 that the ...:·a"i:io of the 51 day stL.·ontL.11n-J9 

to st.a:onth1m-9.J :...~1ould be ... 2J in ifovemi.Je:c ...iec:reasinc; to 45 ir:i 

Jmarnry a[; compa:Led to expected :..~ates on the olCie:c unifo:.:-m 

di;. t.:ibution t:1eo:-.:·y of 2. 6 o:c 5. l rnillicuriec per squa:ce mi..:...e 

,_)e::c yeaA: dependin 0 or. w11ethe.: the st:catos·phe::ic .:ef::iae;.1.ce time 

be ta:.(en as .::.J o:.:- 5 yea.:·::. :cespeci:ively ari.d \vit;.1 the st:;:·oni:ium-C9 

to st-.:-orttLJm-9·J at jj .Co...:· i~ovember, 41 fo.: Decembe.: ana 3L.: :Eor 

Janua:cy 19)9. 

December £"01.:· r!es t1.JOou, l'ew Je·....:·sey, a::~d JcLua..::y fa.~ Fasi.1ii-.. c;ton, D. C. 
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'1~1ich, ar. you .:.ee, fall s.Jmewhat i1..te·..:1I1ediate between t:1e two 

theories, ped1aps more closely fittir1..:i the old theo.Ly, pa:ctic 1..:-

la::ly insofa-.i: as tlle t.trontium-&9, ... t.::ontium-9.) value!- a:ce 

concerned. t t the present time it floes not seem to be possitle 

tc decide definitely between the two alteLnative~, thou0~ the 

ne~~t few montl1z ...,i.1ou::..o ~ive u;., ac.lequate cJ.ata to Ji£tinc;uish 

between them. 

In orde:.c to bette"L delir1eate an;.i understand the mechardsm 

by wl.1ich st:::atosphe.i:ic fall.out occurs the i\tomic Ener($y Commi8sion 

aci..:.i.ed ti·ie isoto:_Jes tur . .;sten-1J5 ar,d .:hodium-1J2 to some of the 

n:1clea:c device:;; expl.;deO. in the Hm:-:.:itaci( Se:i:ies last ::;umme.c. 

Tm1c:;sten-lu5 with a haif-.i.i£e of /i:. day.:_ was produced L1 a immbe:.: 

of cletonatioE:: over siiica sand. Ur~U.e:..'lyin0 the ::. tudy of 

tun;;sten-lu5 is ti.1e hope ti1at by dei:.erminiL.;; the contribution 

of a sin5le equatorial tet.t se.:.·ies il-~ a~l. i.)a:Ct:..; of the wo:.cl<l it 

ivoulci become poG8il>le to C:L .. ti:-t..:,uL.~1 amoi.1.::, the diffe:cei::t mocielc 

which have been ~n:opo~eu: (1) tl.1e one Ly the author in which the 

st.catosphe-r-i.c mate::ial i:.. asEurned to mix unifo;::mly ove;: tl1e ··~10:.:·ld 

and then fall out at a rate correLponain~ to a ~esidence time 

of 5 to lJ yea~s or somethin6 intermediate to be dete~mined; 

(2) the one by D:.:. Jviaci1ta and Hr. 3te~'7a"1.·t which ... ay~ that the 

L:.,om t:1e stratot>pD.e::e occu:cs main.!...y at about 4J0 N LatituCie whe:ce 

the ~ola~ tropo~au~e meet~ the equato~ial tr~po~au~e and for 



- .····.lo,./" 
(,...··· 

' .,., 

certai11 distar.ce ti;10 1::.:01:-opau;;;es exist arid the jet stream occurs. 

It is Dr. Mach.ta i::.; ti1oui..1ht that this ~l.1eno1nenolo(;:,y ir:. as::wciateci 

-i:·lith a particui.ai.-iy hi:;h leal-.:a.:;e :::ate fa:om the stratospheJ:e; 

(3) the theory of D:.:. Martell that unifo.i::m mixinc; of the 

:... c_·atosphere ve:t:ticalJ..y ar.d horizonta~~ly ~imilar to the first 

model occu:;:s fm:: equatorial shots but that for a polac shot thi~ 

does not occu.: with a ~l10-rt resiJence time of one year o~ less. 

The rhodium-1J2 having a life of 21J days was ~eleased only 

in the hyd.;.:·ot;en oombc fi:ced high ir. ti.1e stratosphere ove:c 

Johr.E.on L .... land in .' UuUtit. Thu~ tl1is i:...otope will allow :..Is to 

measure the strat·::ispheric ;mixing time fJ:.'om the data ·whic:. will 

become available a[; a result of i:i1e ;...amt?lin;.;, of .i:air.fal.i .. ove;:-

the world and the va:ciou:... pi:o.;;.::am:.; fo:c takic;; air filter sampi.es., 

ooth of the st:i..·ato£:tji1eJ:e ana in the troJ?osplle1:e. The£e data 

are not yet available but it mi6ht be ir.teresting ju~t to preL.ict 

the o.:der of ma0 nitude Jne would e}c._;ect in rainfaL... Dy 

assuming perfect mixing fr, the st:catosphe-r-e in a peciod 0£ t:ome-

t:1.ins like th:i:ee 1no1:,th;... over the whole eal.·tl:1, then it wo· •. :ks 

out that :t...dv me5acu£ies of theee :;,.~otoi?es would c:;ive sornethinc 

like 20 di~inte6ration~ pe~ minute for lJJ standard cubic meters 

~f Lurface air. a ~eadily detectable quantity. 

There aJ:e pre .... imina.:.7 data a.L:.:ea-:.;.y in, .. dcatinJ tt1at as ea:cly 

as Octo~er ~i 8am~lec for the lowe~ Lt~atosphere near the 

equator at about i2°U ... hewed the rhodium-lJ2'. isotope. IL other 

'.'"": 
- ;_~,__.,, 
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words the vel:·tical mixin;::; in ttie st·.i.:'atosphere had occurred 

:cap idly. Thi:... is one of the ~eriou:::; assumt)tion .. which ai:i.. tl1e 

models have in conunoL. There appea~~ to be a conLiderable speed 

wi~h~which the Gt~atosphere mixe&) particularly mouel one assumes 

essentiaLi.y in:..;tantaneou:::.. mixing thou~h, of com:se) as shown in 

the above rema-.;:i~ one neea not do thi;:; and perhap::. tl1:cee month;.. 

time would be a reaLonable figu:ce to use. 

The:i:'e wa:... anothe:i" tracer added in the John~on !;..land shots 

by virtue of the fact these weJ:e tlte fi:..:st hyd·.coten bomb ... eve:;_' 

fired in the stratosphere. ,. s ha& been J:'ema:.:-ked p·..:eviou:.:.ly i a:;.l 

of t~e hydroJen bomos relea~e a con~iderable amount of t~itium 

--' but becau5e the devices previou~ly have alway5 been 

fi;:-e<l in the tJ:"oposphere where a laJ..:..:ie quar1i:ity of \iTate..:: ic 

irccoi.·po.:ated in the firebal.1. with the :a:esult that wher: it ..:ises 

into the :..:.trato~phel'.'e and cools ma:dr..c; the familiar white 

cloud which consists of rather la:;.:.·._:;e ice c:..:-ystals whicl:1 fall 

~ather quickly and thu~ carry ~he t~iti0m back to eart~ a~ain. 

This did not happen fo:c the two .:.ievices fi:ced ove:c Johr.son !...;land 

in the ::,tratocphere, and therefore, we c~m extlect that fo..: t~1e 

fL:st time the ::.t:;.:atoEphe:ce hac it~ t·citium content of its wate: 

raised appreciaoiy above the .Level it ~1ad p'..:'eviou:.::,ly ~ue to the 

cocmic ray:::. The st1:'atospl1ere iL ;.;o lm.-1 fr. moi~tu.::e (a fai:.: 

extimate seem:::: to oe about lJ milli...;1:arns per sc1uare cer.timeter 

of the ea.cth'., su..:face for the entire stratosphere as comfiai'etl 

to somethin:; like 2 to 3 ;::,ram;.. pe..: squa:ce centimeter for the 
.:y·, ,, . 

,·-'"' ) DOI A.BeHiVES "' 
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tro~osphere) t~at tne concentrdtio~ of the cosmic ray t~it~um 

in the ir.ve:c::e ... atio of the watei:' cor<cent:.:ation::; ~ to:.Jethei.'.' \lith 

an additional factor for the 5 to l~ year stora~e time of t~e 

cc::mic £ay-prouuced t~itium. ~ell~ i~ sub~tance~ the ~yd~oJeL 

bomb::. f L:ed over Joi.in.son I::,lan~i lna<le tritium wa te:;: L; la ... :0 e 

quant~ties in the ~t~atobphere and so it iL to be expecteci if 

the simp:i.e uniform rnot..el i::> cor.cect t:1at t·i.1e ..:ain.., a..1..:.. oveL" the 

well known stratosphei.:·ic st:.cor,tiurn-9J at1d cesium-:i..37 fl .... .:..im1 

p:.:-oduct d.:cip ... w.~idi i.1ave been occu:cJ:in3 foJ: yea.cl:>. But t~1L .. 

~ t::atosp:1eric tritium ci..ci~ f:i.:orn Jo .. 1Lson I..,lan<l haa itc 

ze.:o time in · uwu~t of 1958 just a:: tl.1e ::..·c.odium-iJ2 i..,oto1.:ie 

did . The t:citium, howeve:.:, wit~-1 a l~. 25 year ha.Lf-life ard its 

~reEence ab natural wate~ and foll~win6 the hydrolo~ical cycle 

of the atmo:.;phe::e wiL., in ::..orne way:.., iJe more enli..:;iltenint;; o .30 

it i.., ·with reai i..-tte:.:est we look :Corwa;.:d to the next few monthL 

to determine the mec·nani..,m ~y whicl.t the top pa;:t of tne wo:.:.·ld':.; 

atmo::..phe::e mixe!:.. in it;_,el.f and ·with the lower atmosi-'he1:"e o Th::'..s 

-;;iTill be an importar.t contriLutioL to meteorology and ($eophy..:.ics 

if it develops as expected. 

The appareL.t a~e of the fallo--.rt is me&~ured by the --'"'9 9. '"-~u Q···· J 
.J.,_ / uJ.. an cl • J_ !.; .. J • - 9J ua ,...,,,: ratiot..o ~t~0~tium-39 with a 5i:. ciay 

IL Fi6ure / t~1e re:...u~t..., of exten"":l_ve 
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.. 
meaL-..!rements on t::.e st:.:·01.tiurn-89, .... t:.:0nti.~m~9J ratio) as shown 

by .&.:·ain sample[; collected monthly at va~io\..1 ..... places all ove::: ti:1e 

wo:cld, are plotted to6ether with the value::; p:cedicted by the 

cimple unifm .. "'Ill them:y fo-:: 4J 0 H Lat:::..tude and for pUi.'e 

.._ t_'atospheric faL .. out. t ccor·din..:; to the model) st.catosphe·cic 

faL .. out i:... the p·1.·inciple t)tpe ::iccu~~·ring throuc:;hout most of the 

Southern Hemi:.,phe:ce and in ce:i..·tain pa:cts of the Northe:c-..1 Hemi:si:Jhere 

which happen not to nave been in the patho.J of t-.:-ot)o5phe:...·ic 

a.eoJ:is. The tI1eo:cetical calcuiation i;.., made by takin~ the 

various cont-ribution~ to the stratospheric ~e:::>ervoir and 

multiplying by theiJ..· calculated ct:contium-u9 to stxontium-9J 

ratios (new Jeoris is taken as hav::..r1c; a :catio of 180 ano the 

half-life of 8tJ:ontium-G9 is taken as beins 54 dayb with~ of 

course~ st~ontium-9Jis half-life 0ein6 28 years). In thi~ 

manner the expected s.cJ9;s:c9J ratio of fallout from the 

~t~atosphere is calcu~ated. It has a fluctuating value due to 

inJection.s f.com wea1Jon8 test$ but it rapidly settles ciown at all 

times prior to Octoi:ler 1952 to something like 5 to l;J unite. 

The troposphe~ic debris on t~e other hand havin~ a mean 

·,:eGiclence time of only .:me month haG a much hie,her strontium-39 

to fJtrontiurn-9J .:atio. Ir.. rnakin.; the ca.i..culation for the totai 

expected fallout at any given position the amount of tropospheric 

deiY.:is i~ caiculateJ by the :c..Jles ,;iven previou~ly and the 

ave:;:-a0e taken. :Jirnila~ calculation .... m:e done with barium-1~-J 

.-,i·, 
'!· 
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~vl.1ich hac a half-life of 12. J da75. It bein6 a much ~ho~te~ 

lived fission pL.·oduct affm.~::.i.s ~ pou;ibilii:y of J.:evealin0 c~etails 

which ti.1e lor-• .;er lived :...tronti-;Jm-C-9 car.not si.1ow. Fi....>ure v 

cJncerted and ca~efui~y conducted ~ain fallout study, the 

PittGbu~~h ~t~ay. 

a..:,ain the ab:ceemer.t Leems to be ...:ati:..:,fact.:>:.:-y. Figure 9 

show::, the analo..ious d.ata for the ba._·illm-li'.:.J - :..:,t:Lontium-9·J ratio 

in the Pittsbu~u~ rai~, and Fl6u~e lJ shows :cece~t fal_oJt Jata 

for the cities of Pi.t:tsb:i:..·,,:,11 and We ... i:wooO., Uew Je:i:i:.ey, togethe:c 

witl1 the bt::0ntL1rn-u9 to :.:t£:"oni:i.urn-9~ .catios in ·westwood. 

Fh1aL.y, Fie,u.:.:e l_ ::>hows t~1e wo:cL.-wi..~,e ::aiE pot data fo-c monthly 

cJllections in va:c.·iou~ ~)i.aceE. over t:1e .vo.~::i·.'... These J.ata 

cor::.:·espond to the st ... :x~ti...:m-u9 i:o .:,;,::(' .;ntium-9 . .J ratio data .;iver• 

ir1 Fi~uce:... 6. and 7. tll of i:nece clai:a a.ce given in the 

·.cefe:cence) I-1" SL~l:.2. .,_epo:ct __ 1 • 

It i~ clea:c from Fi,surer, / th:i..'Ol.~._;~1 11 that the:..·e L. .. a 

strong co:..:·relation oet'ween the Lt::::oatiurn-G9 to strontium~9v 

!.:'atio and the occurrence of test se.~:ies a.::. sl1mm on the bottom 

of the fie,;uTes, .::ind the ...;uccesc of t;:1e cimJ:?le theory in 
. :· 

p:cedictin::; and c:1ccoi . .mtir.c; fo.c the ~t~ontium-C9 to L trontium-9J 

ratioD indicates that it i~ quite likeiy that a ~ooJ part of 

the ex.t1~a f ai.=..out li.1 :1.atitudes in u~;.ich tee ting occm .. ·[I, such aL 

tlle mid.J.._e nm:tl1e,.:n ia·titude[: L~ due to t:.:oposphecic fallout .and 

---:.~---:··------JI.~···><-" - . 
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may not be due to Dr. Machta's mechauism of piefe:cential 

~t~atosphecic drip in these middle latitucies. 

In oi:de:c to alleviate the ab:c:lptnezs of the ::.,tei? functi::m-type 

of a;.;sumption ir. the model f'l:'Oposed by the author, calculatio11.:. 

"iilece done acsuminQ that afte~· the fb:ot monti.1, t.Lopospi1eric 

deb::i:;; ::.p:.:ead Jut to cover a ban<l much wide:i:- than in the fir::.t 

mor.th and~ in fact, woul~ cove;: an enti::e i.lemisphe"l:'e. !1! tl1i:.; 

way~ theo::etical fallout c1.r.r:veL were obtained which ~how the 

total predicte:l f ai~o·r;·i: at variou..., latitudes asf:.uming the ave-r-a.;e 

annual rainfall. It iL alwayD neces&ary to remernbe:t..· that 

:_Ja:cticu:;.arly a·.Lid _t>lace;., wi::..1 necesLa·.i.:ily have low fal~out and 

one 0houlci realize that this :i..eads to o·i:he:.:: places having normal 

:ca inf all havin6 hi~)1er fal:i.out. This b:coa:J. bar.d th.eoretical 

rnoclel may fit the observatiorLS somew~1at better than the r~a:i:~ow 

band model presented earlier. 

Fi3ure 13 gives the iatitudinal tJrofiie of total fallout 

from the l~arJ:ow banci step function calculation and Figu:Le ~L:. the 

b.::oad band fallout curve. The important. quesi:ior. is whether 

these prediction;:. agree witi.1 obseJ:vatior.c. .1 • firl>t ancl mo~;i: 

lm~ortant point i~ that the aata mu~t be valid and not due to 

local fallout. i'1ost a.ce f:J"J: the Ui..ited States and the questi0r. 

ic: whet~1er fallout i..s somewhat hi,)1 becau;.,e of the proximity 

of the tJevada te~t site. In Table III r;,:1e compare Uni·i:ed States 

ane:. fo::ei.;n ..,oi:i.. ~tLon-i:::..um-9J content fm:: L1e yeaL· 195J, t .. 1e 
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fm_'ei 6 n ~oil ""amples having aeen takei:1 iL the same _,_atitu::i.e 

ban.:i and at the ... ame time. It is clea:c that the diffe~ence i£1 

lar0 e anci. amount;.. to about 11. L;. mil:i.icm:ie~ per squa:-..-e mile 

w .. ich cor:.:e&f>OLcL co some 34.J kiloton:.. of local f:L: .. ~ion fallout 

ove:.:: the a::ea of the United States, a :cee.sonab]_e fi~ure. In 

cl::~e.c wo:cds t11e ..,i.1arp J.ivi:...ion between local and wo:cl<l-wicie fall-

J;Jt iG pL:obai.Jiy 3omewl.1at artificial ar!d tl1e ur~ited Statec tevi: 

site beinb close to many of the ~ampling~station~ in the 

Uniteu States ha:; caused. the Ur1ited States data to be hi..:,h as 

com.;>a-red to the wori.d-·wide ave.ca;;;,e. Therefo:ce, in compa.cir_..:.; 

the t~eJ~eticaiij ~:cetlicted fal~out wit~ ob~e~vation we choose 

to uLe only :fo:i:ei0 r. ;..oii. data. Fo4 r-ainfal.l, however, it L ... 

not necessary to do this at times ~n1en no fi~inu i~ ~oinb on in 

Heva..::a ar,ci. the Neva·ja test troposphe·.:.·ic mate~i.al has oeen 

..:em~.wed. f:c-om the atmo:::.phe:;..-e. So, the data which a:ce of p:cincipal 

u~e in measuring the total inteurated fallout, are the f0Lei3n 

;..,Oil samples. This does not mear:. to Lay that the coil data in 

the United States s~ould not correlate with the rain faliout 

J.at.s ar_J, in fact they do, as Figu-ce 15 shm1s, which presentL 

the com~lete ~e~ie- of Pittsbur3n rainfall data)~together with 

t:1e 'Ji.~ ... teJ. Stutes ave.ca..;.>e soi:'.- aata as a function of time 

tj6et~er wit~ t~e ~heo~etical fo~ the overlap of the two baE<l~ 

at SJ 0 to 40° fl,.·01.n fr1e United States tests in Nevada and SJ 0 

to .J.j 0 £·.c·am the ~lu~::;i.an mici.-latitude test site. 

DOI AReHIVES 
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aoweve.c, to checK the tbeol:y ca:i:efuL .. y, it is necessa:;;:y to 

choo~e :Co· .• :ei~n ;..oil samples whic:-. a-ce wilely selected ove:.: the 

worlJ. and which a·.ce carefu..Lly analyzed by the i.-ICl e~t:tJ:action 

technique which :cemoveD all of the ~OL.1.tained &t: .. :ontium-9J. The 

only complete se-...-ies of data available i:. for samples col:ected 

in the yea~: 1955. They are presented in Fi..;ure l:.J toc;ethe:.: 

with the theo:a:etical pre.Jicted curve :EoL· that same ._Je'i.·iod. The 

t:Jtal ob.se ... ·vecl fallout wa;.. u meuatons of fi&Lioi! and the iJ year 

"i.'e~ddence time theo!..7 would p .... ·edict somewhat less thar. t:1at, 

pe:chap:::.: the avera.;e of 5.3 and D.l me0aton~, theEJe 0ej_n._;; the 

fi<St.rces for the two dates~ January l, 1956 and Januai:y l, 1951. 

The fo"i.·ei...;r. :..oil ;..arnples we~e coU .. ected throu0 li.out 1956 anci 

rep::::esent ~omethi:G0 like an averac;e fa: .. » i:~1at period of time. 

Corresponding fiGu~e~ for the sho~ter et:a:atospheric residence 

time of 5 yea-rs a:ce 8. J6 and 12. u..I+. It would seem f:.·om these 

number~ that a resider.ce time in the stJ:atosphere of betweer. 

.:; and lJ years i ·· indicc:ited. •;Je :...:1a_;_: see late.: that th1~ 

a;;.:eeL with other :....:cd:o::1nat::.01;. a;::. '"vJeL..;.... i .... e:Lies of t.oil samples 

taken in the ~pL:in;:; of 19...iS and tbe __ 95:.) ;;;amples divided into 

two pa:.:-tc fo-.: ti1e sp:;.:iI.J; of 195;) acJ the rest of the yea:c, 

w~1icl1 i?~elimir.a~y ar • .:.ly~es a.:e available are i.n:esentea in Table IV. 

Focusir.6 01. the .;..a·i:itucie;... in ti1e Jouthe:i.:r. Hemisphere so that 

.. ,,. , 

'! 
; , .... ~. 
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t: . .::op rntJhe..:ic fall. Jut will be micimal and takin;; the sp"i:"ing 1950 

da·;:a ·;1e o;.;tain aL"~ aveJ:a;se 0£ 2. C rnii-icu:.:ies pe::.:- c;qua:.:e miJ..e 

at t:-iat time. l).)ini]; t~1e same thi..n~ ir~ 1950 we obtain o.5 

millicuries peJ.:" :qua-re miie for a ciiffe~eDce of 3.7 millicurie~ 

per squm:-e mi.i..e or an average fall.out ..:ate of l. Li miL .. icu.::ies 

1..Jer square mile per year. Takin.; the meaa .... tJ:atosphe~·ic 

inventory from Figure 6 fo~ the year- 195"/ of about 2L} me6aton.:; 

or 12 millicm .. ·ies pe-:.:- square mile we calculate the st.:-atospheric 

reLidence time which a8,L.'eeo with ti.lifi. The result is G. 5 years 

which numbe·.c will obviou .... ly az;~·ee we..L.l with the data ;..hown in 

Fiu• .. r::e 15. 

The d.iffe::er1ce jetween t11e Uniteci States and f·.J:.::ei3n 

c::>ll.ection:... in t~1e ...... :Lven latitude a:.:e wel: illu-.;trated by the 

monthly ·cain data for July, /\uc;u:... t and Se;Jtembe:t..· 7 1957. _, 

The ave:ca__,;e of Unite& S·i:ateL :...tatimiu for those three monthL wa:.:.. 

~-. i: ± • Z.5 rnillic1n::Les pe~ square mile while the ave::a.;e for 

f:J::-e:J...~1" ...., tatio<.:s :~r:- the ::.ame latituci.e was l. 3 ± .J. 2, a~ain 

a(.:'..reein..; wid1 t,:.e ;:,:ii:. Jata Lhown ii:1 Tao:..e III. It L.. to be 

hope..:.. that we \'liii Gooa have arrnly .... es of the l95G soil collectior ..... 

. , . 
oecau .... e it i:..: clear t::rnt b:1e~e data c:: .. :e of extJ:'eme imp,J:ctance 

-'-'"" deciclj_n;,; about the med1ani:...m of ct;.::atosphe:cic fallout. 

Ephe~e by means of ~al~oon~ and fi~te~c continue~ ~ut anelytical 

:... if ficul tie:.... have ca;_, i: ;;. .. :ru1e ;..10'1at 011 t~1e valiiity of the data . 

. :y·, 
~--- --~-~~->·-"'-" 
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lJ.JJ standard cubic foot of air, and va:ciouL eviO.ence l.n.::iicatez.; 

that the filter efficiency may be ~S%. Ta~in~ these ~ou~h 

numbers one then woulci deduce that the ~ t::ontiurn~9J cor.i:ent of 

the stratosphere ave1·.qge~ aLout2JJ di:..intec,·.cations per minute 

per lJJJ standard cubic feet in the ea::~y part of 1958 and 

late 1957. Thie number which ag-;.:ees very weL .. uith the 

theoreticaL..y calculated ~t1:atosphe..:ic ir:ventory 3iven in 

Fi.:;,u::e 5. Turnin6 now~ a6air., to t~1e c·-.n:f ace aL: concent.;::c.1tion 

data taken by the Naval iadioio~ical Defen~e Laboratory and 

quoteci ea •. .-lie::.: in Table I which uave a mean Gu.cface concentra~ 

tio&.. of about . 3 iisinte;_;,ratim-..c pe ... · rniuute )e·.: :!..JJJ cubi .... feet 

tLne of aoo...it th:...'ee Jays anc.i. the .:.:t:cato[;pi.J.e.:.. ic time. Huld .. plyir.2, 

:::.u-rface ..:;ives the st'"'·ato::rp:1e..:ic :..:e~L!.er.ce t:i..rne. This :i:es~li: i:.o; 

5. S yea::::s, ac;reeir•.; wi:.:11 the two i.J.._·evio-..: .... va .... ues. 

. '. ~ 

{:::{;';;f 
T~~ing all of t~ese different lines of evidence into account 

that ti.1e c:;..mpLe mo:::;.el .. L·o1)0:;;.eci. ea::lie~ .... ti..l i.~ .:..11~ely to be 

cor.::eci: i:.:1 tnaLy ~·espect~. T~ ·ceco1J:Gt; ii: ~ay.s that mate.:lal 

ini:~oduced into the st~atosphe~e i- mixed £B~Ldly ve~tical~y 
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and horizontally and leak ... down unifm ... 111ly over the world at a 

~ate of about 16% per year {thi:.; would correspond to a mean 

4esidence time of six years) into the trop0sphe~e where it is 

removed in about one month by normal weather processes and by 

impinging on the curface of ti:ees, 6ra~s and other features of the 

ea;:th. ltLl main time i~ spent in the top 30,000 feet of the 

troposphere for it spends only about three days on the average 
.) 

in the bottom 10,000 feet. In this lower layer the possibility 

of being brought down by rainfall and ~urface impact is at a 

maximum. We have considerable evidence which is in the forma-

tive stages and we can expect that during the next weeks and 

mo~th~, the pa~ticula~ type of meacurement~ di~played in Table II 

which bear on the fate of the rlu&sian October 1953 debris will 

be most revealing. These data, tosether ~~ith measurement& on 

tl.1e rhodium-102 and the tritium from the high ~tratosphere 

L\ugu:;.t shots over Johrn;on Island ~hould very nearly settle most 

of the major points about the stratospheric mixing mechanism. 

Ill. THE ASSIMILJ'TION INTO THE BIOSPHERE 

The great question aribes as to wb.ethe;: and at what rate 

the fallout i5 taken into the biocphere. During Operation 

Hardtack, a considerable effort wac made to intl:oduce tonnat:;es 

of silica ~and into the firin6 ba~0es on the thought that 

strontium-90 might thus be incorpo£ated into glass-type 

--~--~..._- -·- -----~~~ ..... --
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i.:i:.:...ol...:ole bea:l~ v11l:lch WOU.i.d t~'lU;., be c;>f ceo-.Jced ~olubil:U:y and 

ti.1e p.col:;.u;.:,iJ.it:x of ::'..i:.:... beinJ aL::..im:i.latecl by plant:... ar•d animals 

woulcl thu:... ce ~ced;.::ceO.. Measurement~ a::e now be inc; made m. 

the fal~out 1;·1ith this poir.t in miL~ but of couJ:£;e it is 

ext;:oemeiy diffic-..\li: to ci.L ... tin;;uiLi.1 the Hardtack fallout, 

pa~ticula~·ly if ·i.:i.1e ~ut~1o:r i & Limt>le mo-:1.el is co~.:ect, :L.·om t~1e 

p;:eviou:::. earlie-:c shotL ~ many of which we!:e done in co1:al sai.lC.: 

o:i: in ~lain .:..ea water and wb.icn i.1ave 1.10 insoluble componentc. 

It .:loes irn.licate) ~i.owever ~ the type of effo-.ct that might be 

made tJ reduce the a.:..:..imilabi:ity of ~ t:.:or .. t:'..um-9..i ir. the 

bio:...phe::::e. StJc~1 an ap1T.:oach ~eem.s .:ea£onable fi·om a c01-.t-id.e::a-

t:;.on of the natu..:e of t~1e fij;'ebaL .. a.:.u the p·.:obaole chemical 

Di;:-ect stu(iy of the ai:..si:ni:i..at:i..cn of :.:aci.ioactive fallout 

itotopes, i_:.ia:ct:cu_a.::l7 Lt'l"ontium-9_;, ce.sh:;m-13/ and :i.odii:':e-131. 

Ce:::;:~:.lm-l:Y/ ha:.. been ..... tudied pa~t:::.cu~ariy ca:.:efully by Lnr-i.;ham 

sr..d Lde~con at t .. 1e l.:::;~ Alamos Scientific Laboratc::y. _; , _, , 

--·' 
ce~ :: .. um-.i.'.:t"i coi.::ter:t of people in t~1e Urlited. .Jtate£: in the yeaJ: 

c,ot the ouly ..,ou:.:ce of ce~iurn as orie 1;-1m1ld expect) a paTt of 

it comeL f:;:·om ve..:,etaules even ti.-.ou;;:,~1 milk i:~ a major c.m.r;.:ce. 

tl1e ...;.i::..c.:imir.atio!."1 :Eacto:.: auaiL;:.; t 

-~ 
.-,"· ... ~-.- ·--~~------....-~ 
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cesium, :L.·elative to potassium in the miil~, i~ about two-fold., 

not too c.iL,simila4: f"L"om the dicct"iminatior .. factor again;.:;t 

st·.contium, J:elative to cal8iuni in milk. _: 1 _i, _/, _, , _1 

Tl1ey founci, howeve:r, that the humac content of ce.sium-137 

did not i:'iLe ap~::eciably f"L:om the value of 41 ± l. 3 micromicro-

CU"i" leL pe ... : gram of potaLsium in 1956 to the 1957 value of 

(L:,. ± 1.1. Thi~ :::mali change, togethe:c with the fact that ce~dum 

if.> an L.;otope which Lhouid come ii.1to :L"apia equilib:i:ium with the 

human bod.y because it:.. mean residence time is only some 12-] day~ 

as compared to many years fo·.c st:c-:mtium-9,). Therefore, the h1.:man 

bouy is obviously very nea~ly in equilib.cium witil. the food chain 

in the case of cesium ir.1 ~:-ia:cp c:.J11traet to st:cont:ium-9J and. 

·we cat1 the-refo:ce ~e(Luce from tii.e cet.i.um content somethir:i0 ebout 

the po.ssi0le ••Jay'--' ii.: ·~vh:!..cb. fallm.li: er•ter ...... the bioLphere. Fi:.:~t, 

t:c._;ethe:~' with i.;i1e fac;: that certaL.-. ob .... e:.:vatio:-i.& OH the 

that they t~o o ilot ~ice as ~api0ly a~ the total falio~t 

oose·.cved in tl.1e ~o:~l, ;..ug..;e .... t::; that ~:.o:..c:i.bly a larLe pa.ct of 

the pict-~up dL..:eci::::..y or~ i:he leave::: cf ;_:;ra:....., anc.i. ve6 etat::.es wii.ich 

:caL ... out .. 1aza: .. :d __ .., l!Wa.e. Of. cou:.cse, :L: i .... ab..,olutely ce:::tain i:i:1at 

.:y·, 
'! 
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i:here it:. pictrnp of the ._·adioactive fail.out throuc;h the :coots. 

\That may be t~1e :..ituation, howeve~, 1.S ti:tat thL., piclmi.J i ... not 

r.ea:cly so se:;..·i:.1u~ as .. 1e have been suppo.sin~ and a 0 ood pari: of 

the pickup we have obLJel."Veci has co·.oe f:::-:nn the leave~. 1£ the 

latte.: i;:, ti.~ue t~1er. iE a period of minimum fallout, the mil:( 

level and t:1e ve:.;etatle level wiL. f a:'..l. correepon<lin.:;ly to a 

vaiue :..omew~1at clot;e.C to the amount t:1at would come sole.J..y 

from the !:oot pic~.:L!p i CJ.nd. we \·mu.i.d expect, therefore~ that 

the steady .state cor,cent:.:·atior. :.;._n i:~1e :rnman body of the :fali.OL't 

L::otopes uoulci be cou.i..:.'.e·.:::aoly lm1e.: tha;:-. \ve nave beer-' 

calculatinz iD t\e µa~t. It ic not clear at t~i~ time e: to 

\J~1ether thL .. cm:;clu ... dor. i.. ... j us tif ied ._,:~t :C1 .. E:'the.: Jo.:..e:.... vatio;.1 

.s~ic! ·- tudy will make it clea·.:· c.m'-1. 1.-1e ~hCY.L :l oe a~ert tu i:~1e 

The futm.:e c0u:..·~ e of tt1e :Cal:i .. o....:t :i-nve[.;ti0at:.l..on i ... wei.~ 

:.:.e·i.: ar.d it: nov1 proceedii1~ on an ir-::terdai:ioLal scale 30 chat 

about the f.sl:Loui: mecharlii:...m r1Jiil be a.:.cwe.:::ed. ~lernainir:0 , 

hov1eve~, will Le the t;;:emeudou;:: r,:ob:'....em:... of ti1.e biolot;,ical 

coi.~equences oE f all.c.ut t..,adiat:lu"l" .. .1e sha~l make no attempt 

he..::e to cor.si.r;.e:..:: t~1e:je. It L_,) howeve:c.·, ac a:..,ea of uncertainty 

::-.o laJ:ge that onl~y the moct conse .. vative treatment ·.Jf t~1e 
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permi:....sible body burdens of fallout isotopes is tolel:·able and 

this conLervative treutment indicates that care and caution 

must be taken about the matter of additional radioactive 

contamination. The United States Pitomic EneA:"iY Commission hac 

concistently tried t~ reduce the magnitude of the fallout from 

atomic testin6 and it is clea~ that the new technique of te~tin0 

underground can fui·ther g-;;eatly -reduce wo~·ld-wide fallout. It 

ic to be hoped that other nati0~w will adopt thi:.... proceduLe> 

even thou.;h it is sometimes difficult ancl mo-.r:e t~ouble. It 

does have one advanta;e, however, in addition to eliminatin...:; 

fallout; it make!:: the test Gchedule independent of weathe-;;..·. 

\·-!ith further development of .;>rocedureG lt ought to be possible 

to obtain most of the ::ecult.:, on weapon .... aecign with thi ... 

technique. Of couL·ce, the proof testin~ of weapons ir1 i:heir 

car .. ~:-ie:-:s mi,:.;;J .. 1t not be po!:>G:Lble u~1,.:i.e::-;.:,i.·ound; the critical 

behave a[. tLey .::.hou::..d, can be an .... we·_ed by i.:l.1is method. which :Ls 

fallout f::ee. Uo one who ha::: stu:ieJ 'i:'adioactive falJ..out ha~ 

ai:Ly desire i:o, in a-.-1y way, inc·..:ease the amount of it. It is a 

risk and hazard ~-lhich i::. limited and which cal.":: be conside:::-eu 

relative to the cL.:i.vantac;e.:.. ;sair:ed, but it iL nece;;:,sary to watch 

• t 1 - • r . • b"' i ana to contzol it as ca~e~~~~1 as ~03si ~e. 



DATE 

July 
August 
September 
October 
November 
December 

January 
February 
March 
April 
May 
June 
July 

August 

September 

'fABLE Io.. 

DEPOSITION FROM TROPCSPHERIC Fi.I.LOUT 
FROM SURFACE AIR FTI..TER n.TA 

Fiaeion Product 
Data.* 

.07 Ml' 

.06 

.13 

.11 

.05 

.05 

.07 

.07 

.10 

.32 

.16 

.16 

.13 Southern Hemisphere 

.12 Northern Hemisphere 

.10 Northern Hemisphere 

.08 Southern Hemisphere 

.o~ Northern Hemisphere 

.04 Southern Hemisphere 

Filter Efficiency lO<Yp (assumed) 
Lower 10,000 feet 5afo atmospheric residence time 3 days 
Troposphere (80'/o atmospheric) 30 day residence time 

* (20 KT : 25 dpm/CuM at equo.tor) 

·' ."·-: 

Strontium-90 
De.to. 

.09 MT 

.08 

.14 

.c7 

.09 

.13 

.18 

.23 

.15 
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Month 

Th'?O, 

Obs. 

s;\~r . 

1957 

J A s ,... 

.19 .-l.9 .26 

.08 .07 .13 

TABLE Ib. 

THEORETICAL TOT11L TROPOSPHERIC FALLOUT (MT) 

1958 

0 N D J F M 1-'. M 

.17 .08 .03 .02 .01 .29 .14 .10 

.12 .06 .07 .10 .12 .21 .23 .16 
I I 

J J ]' .. 

.38 .81 .44 

.16 .25 .18 

I 

s 

.45 

.10 

. 
> ' 

Total 

·--
2·9 

1.9 

- ~ \ 
1,.<";..­

"•· 

0 :i,· l 
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TABLE Ila. 

1959 FALLOUT DJ\Ti. '"ND THEm SIGNIF!Cf,NCE FOR STRATOSPHERIC FALLOUT MODELS 

A. Polor Fallout Theory _/ 

For shots at or near the Poles, the stratospheric fallout 

occurs more rapidly thD.Il for shots elsewhere, expecially the 

equatorial region for which a longer residence time of perhaps 

5 to 10 years is appropriate. T8.ke 1" ~ 1 year for the October 

USSR tests which amounted to about 15 MT of fission added nnd 

assume uniform fallout as far south as 30°N (this means 1 MT 

of fission is equivalent to 2 mes Sr90/mi2) then the increase 

in stratospheric fallout should be 30 mc/mi2/yr. 

On this basis the present fallout rate in these latitudes 

should be l. 6 me/mi 2 /yr for world-wide stratospheric if 11111 10 years 

or 3. 2 me /mi 
2 /yr for world-wide stratospheric if 1" = 5 years 

plus 30 mc/mi2/yr at an average age of 3 months for totals of 32 or 

33 mc/mi2/yr 

The sr89/sr9° ratios should be 115 for November 
77 for December 
51 for January 
3 2 for February 

DOI A.ReHIVES 
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TABLE: IIb ~ 

B. Uniform World·Wifut Theory 

Every addition is assumed to be mixed instantaneously and 

uniformly to all latitudes, longitudes, and altitudes. Tb.en 

since the October additions amounted to· a 6(JJ/, increase, the 

fallout rates expected would be 1.6 tillles the previous values 

or 2.6 mc/mi2/yr for a 10 year residence time and 5.1 mc/mi2/yr 

for 5 years. The sr89/sr90 ratios expected would be 5 for 

November, 36 for D.::!cember, 26 for January and 18 for February. 

C. Experimental De.ta 

I. Pittsburgh Rain Data for November 
Engineering Corporation) 

(Nuclear Science and 

Dates Rainfall (inches) 
90 2 

Sr Fal1out mcLmi Sr89 Lsr90 

Oct. 28 to 0.02 .020 33 
Nov. 2 
Nov. 2 to 3 .31 .034 62 

If 3 to 6 .02 .004 97 
II 6 to 9 .13 .073 43 
" 9 to 10 .30 .070 46 
:t 10 to 15 .25 .103 35 
" 15 to 16 .013 29 
II 16 to 17 .03 .013 48 
\I 17 to 18 .04 .020 44 
II 18 to 19 .19 .059 48 
II ..l9 to 24 .02 .044 27 
ti 

ti 

24 to 26 .02 .030 28 
26 to 29 .19 .079 42 

Total 2.21 .632 

Versus 2.7 from Polar theory and .42 from uniform theory 
With T 5 

~-, 
·-- -· ____ .... - ~ ·-

L ,f"•.-, 
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Dates 

Nov. 19 to 
Nov. 26 
Nov. 26 to 
Dec. ]. 

Dec. i to 4 
11 4 to 8 
11 8 to ].0 
II 10 to 15 
II 1.5 to 23 
II 23 to 30 

Total. 

Dates 

Jan. ]. 
II 14 to 1.5 

·'·"··· ,) · ... ;·,. 

wbi·nc. 
II. Westwood, Nev Jersey for December (Isotopes, Inc.) 

Rainfaii (inches) sr9°Fallout {mc/mi2 ) sr89/sr90 

c.12 .129 32 

2.30 .542 35 

o.68 .i53 34 
0.16 .091 35 
0,20 .080 37 
0.02 .035 32 
Dry ~ .002 

0.22 .107 33 

3.70 J..139 

IS l.OO mc/mi2/mo 
vs 2. 7 expected by Martell 
or o.4 expected by uniform theory 

III. Washington, D. C. for January, 1959 (author) 

Rainf'all (inches) Sr9°Fallout (mc/mi2) sr89 /Sr90 

1.84 
0.17 

.350 

.098 
23 ± 3 
29± 1 

D. Comparison With Previous Years 

Pittsburgh - Average rate for last year 
Pittsburgh - Average rate for 1955-1956 
Pittsburgh - Average rate for Nov. Jan. 

in 1955-1957 

2 
1. 00 me /mi /mo 

• Bo me /mi ~mo 
.24 me/mi /mo 
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TABLE III 

U. S. AND FOREIGN SOIL SR90 CONTENT 

United States 

Foreign 

Average 

Difference ( U. s. - Foreign) 

NOTE: 

Average 

20° - 30°N 

30° - 40°N 

40° - 50°N 

20° - 50°N 

mc/mi2 

7.1 

6.3 

ll.4 

This corresponds to 340 KT fallout versus a total. of 688 KT fired 
of which 308 KT was estimated to be local. 



LE !Va. 

SUMMA.RY SOIL DATA FOR FOREIGN SAMPLES 

Latitude 

Spring Spring Spring 
1955 1956 1958 

90°8 - 70°8 

70°8 - 60°8 

60°s - 50°s 

50°8 - 40°S 1.8 2.5 8.6 

40°s - 30°s 3.0 3.6 7.8 

30°3 - 20°8 2.7 6.2 

20°8 - 10°8 

10°8 - Equator 0.5 2.3 3.5 

Equator - io 0 N 3.4 6.4 

l0°N - 20°N 1.2 6.3 6.4 

20°N - 30°N 3 20 

30°N - 40°N 4.~ 4.2 :~ .. ±2 • . . 
' ,' - ' 40°N - 50°N 3.90 

±2.0 

50°N- 60°N 

60°N - 70°N 

70°N - 90°N 

~. 
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TABLE IVb. 

Southern average Spring 1956 

Southern average Spring 1958 

2.8 

6.5 

D = 3.7 mc/mi
2 

Average Fallout rate = l.85 mc/mi2/yr 

Mean Stratospheric = 12 mc/mi2 

Inventory 

- = 6.5 years 
'l" 

'! 
.I.''•-: 
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s,90 CONTENTS OF SURFACE AIR 
(HRDL DATA) 

EQUIVALENT FALLOUT RATES 
(At rat• of 3.8 mc/ml2/yr/dpm/SCM or 3 day 

mean rHldence In lower 10,000 feet) 

COLUMBIA, S. C •. 
MUANO LOA, HAWAII 
MIAMI, FLORIDA 
MOOSOHEE, ONTARIO 
WASHINGTON, D. C. 
(Qb1. Plthburgh Fallout 
1am• period 5,8mc/ml2/yr.) 

32° N 
19° 28' N 
25° 49' N 
51° 16' N 
38° 50' N 

PEARL HARBOR 21° 22' H 

mc/ml 2 
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SURFACE AIR Sr9° CONTENTS 
SUMMER AND FALL 1957 AND SPRING 1958 
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FALLOUT RATES FROM SURFACE 
AIR CONCENTRATIONS 

SEPT 1, 1957 TO MAR. 5, 1958 
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