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3le radioactivity P

detonation, of nuclear weapons. It has been extensively studied

,, and reported upon j“_. and, in general,— althoug’n 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 1/4 of the atmosphere lying above

about 4J,XN feet, plays

the fallout from me~aton

it while the troposphere

an extremely impoztant role. In fact,

yield weapons

is the medium

occurs very largely from

which disseminates the

fallout from kiloton detonations; thus, speakin~ broadly,

stratospheric debris is from H-bomb detonations and the tropo-

. spheric fallout is from A-bombs. It is not that the yield of
! ,,,,~.-’.:.,.,’,.,,~.....:,.-.,.,+..‘>.,,-+,. the detonation is determinative, but rather the altitude to which

,, >
the fireball rises that determines the faliout rates. The mega-

ton yield firebalis are so enormou~ that they stabilize at levels

only above the tropopause -- the imaginacy boundary layer

dividing the upper part of the atmo~phere, the stratosphere, from
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the lower part, the tzoposp~lere -- -while Ghe kiloton yield fir&-

balls ~tabilize below tihet~opopause. The tz~popause normally

occurs at s.omethin~ like 4J,JGU to s:J,3J0feet altitude, although

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

bombs fired in the secat~sphere would be expected to give the

same fallout rates as hi~h y-ieldweapons do when fired m t~le
.

troposphere -- or on tilesuzface. There i~ ~ome &mall part of the

fallout, ever:for me&ator~ yield explosion~, which does come down

from the troposphere.

The stratospheric debris ciescendsvery ~lowly unless, of

course, it ib GO large as to fail in the first few hours. ‘$his

paper is concerned only with the wcrld-wide faliout -- that is,

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

excludes the local faliout which constitutes the famous elliptical

pattern which is so hazardous because of its radiation intensity,

but which, in test operations, i~ carefully restricted to test

areas. It is worth mentionin~ in passing that the local fa~~-

out may be the principal h.azazd in the case of nuclear war.

Most serious attention should be paid to it in civilian

programs.

The world-wide fallout from the stcatospi~sre occurs

defense

at a

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

by the detonation- is so smail that something

‘m

like five to ten
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yeais appeazs to be the average time they spend before descending

to the ground, corresponding to an avera~e annual rate of about

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

given time. It is not clear as to just how they do finally

descend. It seems p~ss~ble that the general ❑ixing of the

,,

stratospheric dir with the tropospheric air, which occurs

the tropopautie shifts up and down with the season as well

is brought about by the jet streamsj constitute the main

a~

as what

mechanisms. The descent of the stratospheric fallout apparently

is never due to gravity but rathez to the builtmixing of

stratospheric air with tropospheric air which brines 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 wmld be

expected for gasesj providing some means of repidly removing

the gases from tiletroposphere exi~cs, GO the reverse proce~s of

troposphere to stratosphere transfez does not confu~e the issue.
.

,’.,,,,
-.”’,....,,- The world-wide fallout from the stratosphere descends very.*..:’..:,,.-~.,:’.-.,.,-.,,

,,., slowly and one of the questions unanswered at this time is ju~t

at what rate it does descend. There have been vacious estimates

from 10% per year to Ii)%or even higher. But everyone is agreed

that &hc stratosphere does hold its radioactive fallout for a
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umch Ion,yertime than the lower

“4”

part of the

(j-j

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

the troposphere has a

with the lover lJ,OMl

figure is something like six years, whereas

mean residence time ~f about one month

feet of it being washed clean on the average

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

which is at somethin~ like 40,0J3 to 50,000 feat, Ehe residence
.,,.

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

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

i~ injected into the troposphere is restricted to the general

latitude of the detonations for the reason that the residence.

time is so short that it doesn’t i~ave time to mix appreciably

latitudinally,

The principal mechani~m for removai from the troposphere

the surface is rain. TileEiny fallout particles hit cloud

to

.
‘,‘!.:.. ..- ,..,,..:~.,,...

.-?.,!*-.
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.>”,

droplets and stic’i<t.othem. !Jecau5e t?.epazticles are so small

(perhaps a few hundred atomic diameters) they are subject to a

violent random jig~ling motion due to collisions with air

molecules. It is this motion which causes them to hit the cloud

droplets. This motion is caiied the Browriianmotion. In fact,

for a particle one micrcn in diameter, Gieenfield _/ calculates

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

lets of 20 microns (Iiameterwill l.isbetween N and 30J hours,

.9’.:: ...-.
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that for a peutic~e of .04 micron diameter

33 to 60 hOU~L, and that for a particle of

.. ,
(, t

‘~..++;>

it wi~i be between

.01 micron diameter

it will k betw~ai-i15 to 2J hours. The theozy calculates che

diffus~on due to ttheBrownian ❑otion and says t~lacit is just

~;?,,j.~,-motionirldl~~~dby the colli~ions with the air mO~eCUleS

which makes possible the contacc between the fallout particles

and the cloud dcops. Since this theory is

principles with the single assumption that

based on first

the fallout particle

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

plausible as to be almost beyond doubt -- it i~ no surprise to

learn experimentally that the Gre:znfieid theory appears to be

correct.

There is essentially no woz~~-’$~idefal~~ut ~.nthe absence

of rainfall; i..e. , in desert regions -- except f~r a little

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

by the ~ame type of rnechaaim Greenfie Id describes in the case

of clouds. Thus we ~ee that it l.JZhe m~i~~uce ~-nthe tropos-

phere which a~sures the shc)rtlifetime of the world-wide

fallout particies and, that when the stratospheric air which

contains essentially rlomoist-uze-’~and, therefore~ has no cleansing

*~~te: The t~tal water in the ~tratoq?here is about .dl gms/cm2

2 2U0while that in tF.etropospkieze id about 2 gins/cm 2

times as much.
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rnec-hani.m,tiesce~l~~Ir.Lothe tr~posphezs, the t~opospheric

mgistur$~ p-roceeclsto c?.ear.it u:>. On thi. mcael, we see that

+’,..,.:s~u~miccan faliout pa-rcicies~ h’eather phenomena are con~roliing

and thc~ th~ebcmb~ ~ih~ch have insuff!-cient energy to i~uu~ltheir

fireballs above the tzopopauce will have their world-wicie fall-

out brought down in raindrops in a rnactsr cf about one mantll

on the average, iriextreme contrast with the stratospheric

material which apparently ~L;;:TSaloft fox years on the average,

The c~ntras~

concer.tration of radioactive fallout I.P.the stratospheric air

than in

to be

. ,,

.- . Data from measuremeri$s mt:de a: ch.esui-faceas given in

Fig~ . 1 to 5 inclu.ive ars calcuiateti i~>m ~ucface air filter

measurements made by the Navel Radioiokical DeIerlae Laboratory t.

Fi~s. 1 and 2 present the mixe

Fig~C ~, 4, and 5 :ive ciataO“E

1 fission prod;lct data and

..
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mea:2 .:esidence time in the iwer atmosphere to be

the avexa~e

The obse:vec

time checks

,.

.
‘. ,,
“’,. ,,, . ....
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on J.25 per stamaia c-dbicf’oot in tile Northedn

thiu time the content of the ili~hez t~-aposphere

Hemisphere. ~.t

would have oeen
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cmes down froiithe tx3po@ere maii!iywith

tim perhaps ter~to fifteen times Lhe value at t-ne~urface.

KOW let uu turrlto the q:lebtiOI’iaf the Jesidence time in

stk-atosphere. This i: a vek’ydifficul~ orkein the ab~er:ce

the
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theories, perilapsmore closely fittind the old theocy, particc-

Iaxly insofa~ as Ehe ~trontium-u9, .t;ontium-9J value~ ace

concerned. ?t “thepresent time it iioesriot seem to be possible

tc decide de~initely ‘betweer:the two alteznativetit thoutin the

Iiiordec to bettec delineate allawm.lerstand t~le❑echa~,ism
,!

,.

‘b-ywhich stzatosphecic faiiout uccuk-s the Atomic Ener&y Commission

aticiedEtieisotopes twr.~sten-ld5 arid~hodi.um-lJ2 to some of the

n:~clear devices expijdeti in Che Hai-itacpcSerie~ last s’wnmer.

2~oduced ‘-+ ~L. a iiUmOe-&-

tile~tudy of

the corltribution

timid become pos~ible to di~tinti-ui.hamonb the differect motielc

which have been propo~eu: (1) the o~~eby the a~thGr ir~which the

stca”cospheric mateuiai iL ass-umed to mix unifozmly ovez the woziu

.
, ,,, and then fall OUC at a Kate corre~poil~ir~oto a cesicier~cetime,’..,. j.,, -’,~. ...,-.
., .- . ,.,~:’
“, ., -.,.

of 5 to IJ years or sornethina
.,.,

intermediate to be detexminecl;

idi-. Ste17actwhich “ay~ that the

aiso u~~ifo~m but that the ial.o~t
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cer’tai.ildista~-Acetwo tzol>opautiesexist aridthe jet stream occurs .

It is Dr. Machtais thou~”ntthat this phenomei~olo~-yis associated

with a particularly high ieaka:e iate fxom the stratosphere;

(3) tiletheory of Dz. Marteli that unifo~m mixin~ of the

Lc“.-atosphereverticality ar.d‘norizonta;.iysimilar to tilefi-rs~

model occ-uc~ foc equatorial bhots but that fou a polar ~~iotthi.

does riotoccuz with a .hort i-esidence time of one year 01 less.

The rhodi~m-lJZ having a iife of 22J days was released only

in the hydtiotieribombs fired high irithe stratosphere over

Johr~~on Itilandin .!uuust. TJTdb thi~ i~otope will allow UU to

meabure Ehe stzat~s~>lleric;mixil:aGime ftiomthe data whicL will

become availabie ab a result o.f Cilebampliil~ of ~airlfai~ over

the wor”ld aridthe vax’iou pi-o~cam: foI takii~~air filter sampies~

Goth of the strato~pile~e antiirLthe troposphere. These data

a-renot yet available but it mi~ht be irAtecesting just to pre~~ct

t’neorder of mabnitucie me would ex.>ect irlzaififal~. By

irlthe stratosphere in a peciod of some-

over the whoie eai-th$ ti-ienit wo~’~~s

of these i.otopes wo”uid Jive ~o’me’ttlir~~

pex minute foc LJJ standard cubic meters

:: .?—..— . . . . . .



.,. ”

‘,
., .

.1

.’. .

: ,3 -,

-i3- ~,, “-‘,.“....

words the vertical mixing in the stratosphere had occurred

rapidly. Thi~

models have in

wi-ch~,whichthe

.-
is one of the aeriouz assumption= whi.c’hal~ the

Commoi-1. There appea~s to be a considerable speed

stratosphere mixes ~ particularly model one assumes

essentially inutantaneou~ mixing though> of couxse~ as shown ir~

the above remack one neetii-,ocdo thi~ and perhaps thcee monthu

time would ‘bea rea~onable figure to use.

There wa~ anothex t~acer added in the Johison hlarid ShOtS

by virtue of the fact these we~e the fixst hydroben ~om~~ ev=

fizecl in the stratosphe~e. 1s “hasbeen cemazi;ecipzeviou~ly, ail

of the hydro~en bomtisrelease a considerable amoun~ of tzit~-um \

but because the devices previously have alway~ been \i___

fized in the troposphere where a lai’=ec~uantity of wate: ic

i~,coi-poiatedin the
.

fireba~~ wit”rlClhe&-esult that wher- it i-l~e~

into the ~tratasphere and coois makic~ the familiar w~lite
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will be an impok-tar.t cont~-i’uutioz.tG metecr’oio~y and ~eophy:ic~

if it develops as expected.
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which happen noc to have been in the path. of txoposphexic

~e:O~iS. Tloetheo~etidal calculation itimade by taking the

vacious contributions to the stratospheric ceseiwoir and

m-ultiplyin~ by theic calculated stzontium-G9 to strontimn-9J

ratios (new debris is taken as havin~ a ratio of 180 antithe

‘na~f-~ife of ~tron~”ium-~~ i~ takei-1as bein~ 54 days with, of

cuurse> ~tk-ontium-9J~s haif-life “ueing28 years). In thi~

manner the expected SrJ9~sr9J ratio of faizout from the

Ltzatosphere is calculated. It hac a fluctuating value due to

in~ection: from WeapORC tests but it vapidly settles ciowcIat all

times prior to October 1958 to ~omethil-1~like 5 to lJ unit~.

The tropocpheiic de’brison the other hand ‘havir.ga mean

::e~ideficetime of only one

to strontium-9.> ;atio.

expected faliout at any

debzis iticaicul.ated by

avera~e taiten. 2imila2-

Ir!

month has a much hi~her strontium-89

makiri~ the ca~c-ulatioi~for the totai

&iven position the amount of tropospheric

the ~~~e~ ;ive~2previou~ly and tlhe

ca’icul.ati.oi-~uaxe done with bazium-140
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may riot be due to Dr. Machtats mechani~rn of p~efezential

+

In oxcler to alleviate the abr~ptness of the ~tep functim-t-~e

Of a.surnption ir, the modei proposed by the aut’norjcalcu~atiO~~~

were done assumi.nu that aftei the first month$ troposp;leric

ae”bziL ~pzead Jut to cover a band much wide: than in the fir~t

,, ,,

,,,.

mor.th and; in fact, woulG cover an entize hernisphexe. Ii-~thi~

ways theoxeticai faiio-utcuzve~ were obtained which ~ilowthe

total predicted faiio~;tat variouti latitudes assumin~ che averatie

zai.nfall havinb hisher faiiout. This b~oai bard theoretical

inodelmay fit the obsei-vatiorlssomet7ha’t‘bette-rthan t-neca”i-roW

band model presented eaclier.

Fi2ure 13 ~ives the iatitudirial.profiie of totai fallout

from the narzow banb Gtep functi.oiicalculation and Figure k~:.the

biuaci band fallout cu~ve. The inqportanc que~tior. iL whether

Chese prediction~ agree Witilobsezvatior,c. ‘ firbt and mo~~

important poir.t i~ that the tiataill’~.tbe valid and not tke to

local fallout. M03C are f3i- the U~iiEed States and.Ehe ques-~idr.

is t7hethe-r fallout iL ~omewhat tii~h becauUe of the pi-oximi.ty

of che Hevada teUt site. In Table III we ccmpaxe United States
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foi’eibn oil .amples having been take~lir:the same ~atitc~e

bantiand at the .ame time. It is cleaz that &he difference is

lax~e ana ainGunt. to about 11.4 miliic-urieL per squa~-emile

~~;.iclicorrespod. Go some 34J kiloton~ of local fission fallout

0,M7e~the azea af the United Statesj a rea~onabie figu~e. Iu

dCfi.e~-woxds tile.har-piivi~ion between local and world-witie fali-

-..-‘2’%11-<.bpxobaiiy somewhat artificial a~,atlieUriited States ce~t

. . *
s:~’te‘beino c~ose Co man~yof the ~arn~olxng.-.staioi~u~uin the

U~ii&eG States hab causea the United ~tate~ data to be hi~h a~

compared to the worid-wide aveia~e. Therefo~e, in compacir-~

Lilethe~ieticaliy j?zedicted falLout with obtie~vation we choose

to uLe Oilljfoiei~r. boii data. Foz cain:?ail,howevec$ it i~

not necessary to do t’nisat times when no fizinb i~ ~oin~ on in

Nevaia ai-.~the ifevadatest tropospheric matecial Llasbeen

~-em~vetifi-om the atmoq?here. So, the data which aze of principal

u.e in measurin~ the total inteti-ratedfalloutj are the fozeign

oil samples. This does not mear~ to Lay that the soil data in

the ~heoreticai fo~ the overiap of the two ba[;d~

f~>uin ‘theUnited States tests in Nevada and 5J0
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per I..)Wstandard cubic

late 1957. This number

,,

.,>

data taken by the i\YavalXadioioUicai

quoted ea;lie_- in Table I which ~ave

tie;:of about .3 iE.Li.r;teUratioK~cpe.;

..
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cesidence time of six years) into Che troposphei-e whei-e it is

removed in about one month by normal weather processes and b-y

irapin~ing on the cu-rfaceof tzees, tirassand ot~ler features of

eazth. ,It~main time i~ spent in the top 3il,000 feet of the

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

,,

,,”.

,.,,,,-/
?’”.;-

and horizontally and Iealc.

i-ateof about 16% per year

dovm unifoxmly over the woxld at a

(thi~ would correspond to a mean

the

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

of being brou~ht down by rainfall and swiface impact is at a

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

tive stages and we can expect that during the next week~ and

mor.th~j the particular type of meamrements di~played in Table II

which bear on the fate of the ilu~sian Oceober 195S debris will

be most revealing. These data, tobether with measurements on

tiierhodium-102 and the tritium from the hi~h ~tratosphere

Augu~t shots over Johri~on Island ~hould vecy nearly settle most

of the majo-r points about the scratosp”heric mi:cin~mechanism.

111. THE ASS IMILJ’TION INTC?THE BIOSPHERE

The great question arises as to whethez and at what rate

the fallout i~ taken into the biospheze. During Operation

Hardtack, a considerable effort wac made to introduce tonna~es

of silica band into the firinb baz+s on the thought that

~trontium-9d mi~ht thus be incorporated into glass-type

:: _.,._._.- . . ..__A -----

,..., ~ ~(u~~ ‘.
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ihat the hdmar.contdnt of ceLium-131

f~>omthe value of 41*i.3 micromicro-

,V _,_.._.~. —---
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amount tk3t would come sole~y

wou~d expect, the”reforej that
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permi~sible body burdens of falloue i~otopes is tolexable and

this con~e-rvative treatment indicates that care and caution

,.

,. ,.

must be taken about the matter of additional radioactive

contamination. TileUnited States Atomic llher~yCommicsiori has

conci~tently tried to reduce the magnitude of the fallout from

atomic testin~ and it is cleax that the new technique of testil~~

underground can further gceatly zeduce wocld-wicle fallout.
~.e

ic.to be hoped that otilernation. wiil adopt thib procedure,

even thou~h it ic sometimes difficult and more txouble.
~~

does have one advanta~e~ howeve~, in addition to elimirIatinJ

fallout; it make~ the te~t Lchedule independeiat of weathez.

Fith fu-rtherdevelopment of procedures it ous-ht to be possi’~~e

to obtain most of the ue~uit~ on weapon. tiesi~nwith tiliu

.

fallgut f:ee.

arlydesire to

~ .
‘r —.__.—-----/ ...
, r.,, ~ ~cm~ ‘
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DATE

1957

,,,,

July
P.ubat
September
October
November
December

1958

January
February
Maxch
April
May
June
July

lhwjust

September

DEFOSITIONFRm TROPOSPHERICFILLOUT.—
FROM SURJ’ACE/’\IRFILTER12TY!

FiB8ionProduct
Data*

.07MT

.06

.13

.11
●05
,05

.07

.07

.10

.32

.16

.16

.13SouthernHemisphere

.12NorthernHemisphere

.10NorthernHemisphere

.08SouthernHemisphere

.06NorthernHemisphere

.OhSouthernHemisphere

Strontium-90
Data

FilterEfficiency1OC$ (assumed)
Lover 10,000feet 5@~ atmosphericresidence‘* 3 ‘iYs
Troposphere(8@ atmospheric)30 day residencetime

* (20KT = 25 dpm/CuMat equator)

.,’

411-

.09MT

.08
--
.lb
.C7
.09

.13

.18

.23

.15
--
--
--
--
--
--
--
--

w’.,:~ ._,..._A ,. ___ —----

“’”~ ~~emlul ‘
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TABLE IIa.

1959FALLOUT12ATL~ND THEIRSIGNIFICJiNCEFOR STRATOSPHERICFALLOUT MODELS

A . Polar Fallout Theory ~

For shotsat or near the Poles,the stratosphericfallout

occurs more rapidly than for shots elsewhere, especially the

equatorial region for which a longer hesidence time of perhaps

5 to 10 years is appropii.ate. TAe 7 = 1 ye= for the OCtober

USSR tests which amounted to about 15 MT of fissinn added and

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

of fission is equivalent to’2 mcs Sr90/mi2) then

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

the increase

On this basis the present fallout rate in these latitudes

should be ~.6 mc/mi2/~ for world-wide stratospheric if ~= 10 years

or 3.2 mc/mi2/yr for world-wide stratospheric if ~= 5 years

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

33 mc/mi2/yr

89
The Sr /SrgO.ratios should be 115 for November

77 for December
51 for January
32 for February

.’..,
.“ ,’ ,.-
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B. Uniform World-Widq Theory

Every addition is assumed to be m~ed

uniformlyto all latitudes,longitudes,and altitudes.Then

sincethe Octoberadditionsamountedto a 60$ increase>the

falloutratese~ected wouldbe 1.6 timesthe previousvalues

or 2.6 mc/mi2/~ for a 10 year residence
tine end 5.1mc/mi2/v

89
for 5 years. The Sr /Sr9° ratios expected wo~dbe 5 for

November$ 36 for mcember~ 26 for January and 18 for Febru=y.

,,.,.

c. Expertientd Data

I. Pittsburgh Rain Eata for November (Nuclear Science and
Engineering Corporation)

sr90Faout mc,da
Rainfall (inches) UDates

.020 33
oct. 28 to 0.02
Nov. 2
Nov. 2 to 3
!1 3t06
It 6tog
It 9 to 10
“ 10 to 15
‘t 15 to 16
11 16 to 17
“ 17 to 18
“ 18 to 19
“ 19 to 24
“ 24 to 26
‘I 26 to 29

,31
.02
,13
● 30
.25

.-

.03

.04

.19
●02
● 02
●19

.084

.004

.073

.070

.103
,013
● 013
.020
.059
.044
.030
●079

62
97
43
46
35

::
44
48
27
28
42

Total 2.21 .632

Vers~ 2.7 from Polsz theory aad .42 from uniformtheory
with T 5
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Dates

Nov. 19 to
Nov. 26
Nov. 26 to
Dec. 1,
Dec. 1 to 4

11 4t08

II. Westwood, NetiJersey for December(Isotopes,Inc.)

Rainfall (~nch~s)

do12

2.30

0.68
0.16

!1 8 to 10 0,20
“ 10 to 15 0.02
“ 15 to 23 m
“ 23 tO 30 0.22

Total 3.70

III.Washin@on,

Dates Rainfall (inches)

Jan. 1 1.84
!1 14 to 15 0.17

sr90Fs,l.lout (mc/mi2)

.129

.542

.153

.091
,080
.035

s .002
.107

1.139

Sr89/Sr90

32

35

34
35
37
32
.-

33

1.00mc/mi2/m0
~s 2.7 expectedlyMarteU
or 0.4 expectedby uniformtheory

D, c. for Janus.rY,1959 (author)

~r90Faout mc,d2)

.350 23&3

.098 29A 1

D. ComparisonWith Previous Ye=s
CJ

Pittsburgh- Averagerate for lastyear 1.00mc/mi’/mo

Averageratefor 1955-1956 J
.80mc/mi2m0

Pittsburgh-
Pittsburgh- Averagerate for NOV. Jan. .24 mc/mi /mo

in 1955-1957

..
,,
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,- , .,,.:
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unitedStates

Foreign
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TABLE 111

U. S. AND FOREIGN.SO~ SRW CONTENT

1$956

Average

Difference( U. S. - l’orei~)

Average

20° - 30°N

30° - 40°N

40° - 50°N

20” - 50°N

17.7

5.6

6.3

7.1

6.3

33,.4

NOTE:
This corresponds to 340 KT fallout versus a totalof 688 KT fired
of which 308 KT was estimatedto be local.
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SUMMARYSOIL DATAFOR FOREIGNSAMPLES

/
Latitude

Spring Spding Spring
1955 1956 1958

90°s - 70°s

70°s - 60°s

60°s - 50°s

50”s - 40°s 1,8 2.5 8.6

40°s - 30”s 3.0 3.6 7.8

30°s - 20°s 2.7 6.2

20”s - 10°s

10°s - Equator 0.5 2.3 3*5

Equator - ~OON 3*4 6.4

10”N - 20°N 1.2 6.3 6.4

20°N - 30”N 3 20

30”N - 40”N 4.
?

4.2
2

&2. ~ i

40”N - 50°N 3.90
k2.o

50°N- 60”N

60°N - 70°N

70”N - 90”N

-

m AMmm
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TABLE Iv-b.

Southern average Spring 1956 2.8

Southern average Spring 1958 6.5

D= 3.7 mc/mi2

Average Fallout rate = 1.85mc/mi2/Yr

Mean Stratospheric = 12mc/mi2
Ihventory

.= 6.5 years
T

“,., ,.

.
‘.,’,,
“..

. ,. ,,.U. :-;,
/.. ,

,.- ?’ .,+’ .’
.,-. -: ,,,-

.,>



..’

.,W
,

,,.
.

,, REFERENCES

1.

2.

3*

4.

,., .
5.

6.

7.

8.

9.

.
,,,

“..:,
“ ,.,, . :,,..

-; . .. . . .
.,,-. .,?-
., ~, ,,.L~.,

,..

Hearingsbeforethe SpecialSubcommitteeon Radiationof the Jotit
Committeeon AtomicEnergyj“TheNatureof RsilioactiveFalloutend
Its Effectson Men,” WY 27-29, June 3-7, 1957, ~=tS 1 and 2. U. S.
Gove-nt Printing Office, Washington, 1957.

The BiologicalEffectsof AtomicRadiation,NationalAcsdemYof
Sciences(1956)

“TheHazardsto Man of Nuclear and Allied Radiations.’” British Medic~
Research Council (1956)

“EnvironmentalcontaminationfromWeaponsTests.” HardY,Edwxd p.! Jr.
Harley,John H., Lough,S. A1.lan.HASL-42,June 16, 1958.U. S. Data
Summarized.

“An Approachto a GeneralMethodof ComputingDosesand EffectsFrOm
Fallout.” (mcument A/3858)Preparedby Secretariatof U. N. With
E~erts of U. N. ScientificCommitteeon the Effectsof AtomicRadia-
tion. Has sll standardproblemsworkedout theoreticallybut neglects
effectof foliaruptskeon body burden.

Reportof U. N. ScientificCommitteeon the Effectsof LtOmic
Radiation. Gen. Assembly,OfficialRecords13th Session,
Supplement#17 (A/3838).

“Strontium-$10h Food.” Kulp,J. L., SlakterjR., SchulertjAO R.
Paperreadbeforethe Div. of Ind.& Eng. Chem.of the Am. Chem.
Society,Sept.II, 1958,snd Science1.28,85 - (1958).

Radioactivityof PeoplesndFoods. Anderson,E. C., SchuchjRobertL“>
Fisher,W. R. and Langhsm,Wright. Science,125,P. E73, 6/28/57.

“Rsxiioactivityof PeopleandMilk.” Anderson,E. C., science1.28j
882-6 (1958) General presentationof cesium-137contentof pe~e
and milk contentis roughlyproportionalto rainfsll. The titern~
cesium-137dosagein 1957was .19mr/yr and the externalcesium-137
dosagein 1957was about .84mr/yrfor an averageof 44 micromicro-
curiesof cesium.137per grsmof potassiumand 41 in 1956. A
discriminationfactorof 1.8 favorableto potassiumrelativeto
cesiumwas foundin the body uptakeof cesium-137in milk and about
half of the cesium-137was foundto comefrommilk and half from
otherfoods. The fact that the body content in 1957 is not

appreciablyhigherthan it was in 1956 strongly suggests that the
principal pickup is from foliar assimilation snd nc?-fifrom the SOil
becausethiswouldbe proportionalto the rate ratherthan the
totalfallout.



. .

10●

11.

12.

13.

14.

15.

~6.

17.

18.

19.

~NCES CONT’D,

-2-

“Accumulationand Movementof FissionProductsin Soilssnd Plants.”
Quarterly Reports of Soil and Water Conservation Research Division
U. S. Department of Agriculture. Dr. R. F. Reitemier~ et ~“
Janusry - Mmch 1958;April - June 1958;July - September1959s~ese
studies show the existence of chemical fixation up to aS much aS 3@’
in some soils and many fine points about run-off and degree of
absorption in mulch and plsnt cover.

“Strontium-90 in Man II.” Kulp, J. L., Eckelmnn, Walter R., and
Schulert, A. R. Science 127, 266-74 (I-958) .

“Entry of Radioactive Fallout into the Biosphere and Man.”
Langhm.u,Wright, snd Anderson, E. C.

“World-WideDistributionof Strontium-90and Its UptakeinMau.”
Kulp,J. L.

“Barium-140Radioactivity in Foods.” Anderson, E. Cej Schuchj R* Lo>
Fisher, W. R., Van Dills, M. A. Science 127, 3293, P. 2~3j
Feb. 7, 1958.

“Noteon the Entryof Strontium-90IntoPlantsUnderNormalConditions.”
Russell,R. Scott (PrivateCcmmunicatio~)

“DiscriminationBetween Strontium and Calcium in Plants and SOtlS.”
Martin, R. P., Newbould, P.j Russell, R. Scott. Paper presented at
UNESCO Conf. on Radioisotopes in Scientific Reseach. (1957)●

This paper spesks convincingly of the imports-~ceof folial.and stem
pick up as contrasted with root assimilation. It shows that the
former is much more important for plsnts growing at the line fallout
occurs.

“Levels of Strontium-90 in Canada Up to lkcember 1956. Grumitt,
W. E., Carruthers, E. W. AECL-659, February 1957.

“Comparative Metabolism of Strontium snd Calcium in Man.”
Schulert, S. R., Peets, E. A., Laszlo, D., Spencery H.) Ch-lesj M=j
and Ssrnachson,J. International Journal of Applied Radiation and
Isotopes (to be published). !lkacestrontium snd calcium were
administered to terminal cancer patients intravenously and the dis-
tribution in bone and major orgsns determined. The UatiO Gf
strontium in bone to soft tissue increases until at four mcnths 99.5%
of the retained strontium is in bone. The retention of calcium is
about 6@o end of strontium @.

Marine Geochemical.Studies with Fallout Radioisotopes. Bowen, U. T.,
and Sugelisra, T. T., 1958. Contribution No. 970 from Woods Hole
Oceanographic Institute.

‘m
.+’ ,

:: —,---- ..— —,.—= . ..-
~.: , ~ ~cmm ‘



.,,
+
,.

.,

.’

,,.

20.

21.

22.

23.

24.

25.

26.

27●

-3-

“Stratospheric Data and Meteorological ZxGerpretation.” Machtaj L.,
end List, R. J. Paper presented at AEC Meeting on Collection and
Classification of Atmospheric Particulate. October 8-9, 1958.
Discusses the stratospheric filter data. Concludes they probab~ sh~
a peak in strontium-90 concentration in middle stratospheric altitudes
Wd using Dr. Holland’s estimates of the filter efficiencies concludes
that they show only 5 MT stored in the stratosphere. Cautions about
the uncertainties of this conclusion.

“Evaluation of the Ground Level Sampling Program.” Machta, L. paP@r
presented at meeting of psxticipants in fallout meeting held byAEC
in Washington, D. C., Dscember 5, 1958.

“AtmosphericHistoryof Strontium-90Fallout.” Martel.1,E. A.>
CambridgeResearchCenter.(In Preparation).Dr. Marten suggests
that the increasesti rate of falloutwhichhave occurredin the
springof each of the last severalyears are due to lar@Y Russi~
testsof intermediateand high yie),,dweaponswhichhave injected
debrisintothe lowerand intermediatelevelsof the stratosphereand
for which the debrisexhibitsrelativelyshortresidence times of the
order of 6 months. Mention that the stratospheric data are so
uncertain it is unwise to use them yet. Point out that the latitudinal
profile for tropospheric fallout is prchably considerably wider tha
corresponds to a 10° step function.

“World-WideEffectsof AtomicWeapons,ProjectSunshine.”August6>
1953,R-251-AEC(emended). It was this study conducted at the Rand
Corporation in Santa Monica, California, in the s~er of 1%3 which
launched the Sunshine Project on radioactive fallout.

“Radioactive Strontium Fallout.” Libby, W. F., Proceedhgs of the
National Academy of Sciences. Vol. 42, NO. 6, pp. 365-39o. J~e 1956.

“Current Research Findings on Radioactj.veFallout.” Libby, W. F.
Proceedings of the National.Academy of Sciences. Vol. 42, No. 12J
pp. 945-962.Zkcember 1956.

“Radioactive Fallout.” Libby, W. F., Proceedings of the National
Academy of Sciences. Vol. 43, No. 8, pp. 758-775.August1957.

“Radioactive Fallout.’’Libby,W. F. Proceedings of the Nation~
f’.cademyof Sciences. Vol. 44, No 8, pp. 800-820. August Y358.



..”

‘c
,,,

.
. .

12

10

.

.

,,,>

8

4

4’

2

0

8

6

4

.

.

(~;. “ 9-4
RADIOACTIVITY PROFILE = 1957

FISSION PRODUCTS :

JULY

L

0

FIGURE

\

.Q7MT
PLUMBOB

I I I

{

AUGUST

SEPTEMBER,

.

.,

.

.13 MT

- PL:tJ~BJ3B

.

4
OCTOBER

>

NOVEMBER

DECEMBER I

A’.95 MT

~ ;o;o.:o.:~o..
60° 40° 200 0 .200 400 60’

NORTH SOUTH NORTH sOUTH

LATITUDE
.-.
.1 ?gli!g!!c=&

‘%,



14‘

12

10

1

.
,’ . . .
. .

“’,. ,, . ,..,,
,. :-. m-, .-
‘:, ., ;~<:c-

.

IL
0

8

6

4

2

0

12

10

8

6

4’

2

0

io

8

‘6
—

4

2

0

60°

FIGURE 2

RADIOACTIVITY PROFILE -19581
FISSION PRODUCTS

. JANUARY

.

.

.

-A. ,OJMT

I I I

FEBRUARY

.

J?...
.&MRT

I I 1

. MARCH

A
.
●,
.10MT
USSR

I I I

APRIL

.32 MT

I 1 I I

MAY

HARDTACK

I 1 I I

JUNE

.024 MT
HARDTACK

J I I I

40° 20° 0 2o” @ 6o” 8o0 No @ 2o0 0 200 400 600

NORTH SOUTH NORTH SOUTH
LATITUDE



.. ,”*

,
>..

.

@ CONTENTS OF SURFACE AIR

(NRDLDATA)

I

EQUIVALENTFALLOUTRATES
(At ratoof3.8mc/m12/yr/dpm/SCMor3day

moon rosidoncoln lowor 10,000 fooi)

mdml
2

COLUMBIA,S. C. 3~o ~ 7.1
MUANOLOA,HAWAII 19°28’N 6.2
MIAMI, FLORIDA 25°49’ N 5.1
MOOSONEE,ONTARIO 51°16’ N 4:3
WASHINGTON,D. C. 38°50’ N 5.8
(Qb. Pitioburgh Fallout
samoporlad 5.8 mc/mi2/yr.)

PEARL HARBOR 21°22’ N 2.7

Ir. ~COLUMBiA

/

~MUANO LOA

v

MIAMI

P ~MOOSONEE

1/ h-wAsH’N’T
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I ‘ I 1. I 1 I I I t 1 1 I I I I I I... .,
M, Jf at h. S 0. N D J F M A M J J A S O

#957 1958

-, ;:’ ----------------
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SURFACE AIR Sr90 CONTENTS
SUMMERAND FALL 1957 AND SPRING 1958

1-

1

EQUIVALENTFALLOUTRATES
(At raios af 3.8 mc/m12/v/dtiS~ or 3 day

moaa residoneo in 10wor 10,W *)
Ilw/mt2

CHACALTAYA,BOLIVIA 17010’ s 1.8
SANTIAGO,CHILE 33°27’ S 2w3
ANTOFAGASTA,CHILE 23a3rs 1.7
MIRAFLORES,C.Z. POO’N 2.2
BOGOTA, COLUMBIA 4°37’ N 0.7

LIMA,PERU 1%’ 06’ s 007
PUNTAARENA%CHILE 53015’ s
QUITO,ECUADOR v 03’ s 0.3
sANJUAN,P.R. lSO26’ N 2.9
$JBIC BAY, P.1. 14°49’ N 1.8

I

I +
CHACALTAYA

=$$BOOOTA

LIMA

.\ I

PUNTA AREAS

&JITo

QQt$5N J ‘SUBIC BAY

I I
I I

I 1 I I I I

M--J J A s o N D J F M A ‘19=J
J. A s o

1957

FIGURE 4 c
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FALLOUT RATES FROM SURFACE
AIR CONCENTRATIONS

SEPT 1, 1957 TO MAR. 5, 1958
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Ft3RElGN;~; SAMPLES

TOTAL OBSERVED: 8.05 MT

TOTAL EXPECTED
THEORETICALLY: JAN. 1,1957 8.14 7’=10

12.44 7= 5
JAN. 1,1956 5.35 f=lo

8.087-= 5

NARROW BAND TNEORY AVE. OF
JAN.1, 19 S6 AND JAN. 1,1957

(r= 10 YEARS)
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