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The Segting of nuelsar v

in eavivonmsnts! radioszciire conbominstion of wrlid=dds proporbions.
The degyree of contamination wvaries witu wha gecgraphicsl loeablon

F

depending wrimsrily wpon 1is posibion pelatlivs Go the tesbing sibe:z

smount of mainfall, and 4hs Jatituds t1). The wariabtlon of faliows

dspogition with latl \ﬁK_Q iz illustrated in Figure 1, This disteibabion

Of the mery redicelensnis produced iz the Iisslon proeess, Sy’ and
¢s37 have been exmmived most thovoughiy bessuse of thelr bigh Tlssicn
visld, long radiocseiive helf lives, snd chewical properties which
resdily permit emizy imdc the biosphere, ivcliunding men hisgelf, Moy
factors rslevent to the procauses whsreby thase radloisodorpes enbsr
the food chain and sre dzpositsd In the rmman body hsve bean

qualitstively sssessed (2,3). The body burdons of 5070 und 02l
have been measwred as a fupetion of time, and thus Ve rediation doses
erising from such iviernal deposition may also be determined {4,5).

A second souxes of radiaticn alsc exists, nswely that vhieh i1s dus
o gamua-emitting fissmion produsts extornal %o man, 7ot capable of

2 doss often wanyfold greater than thet due o S:?g®
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dellvering o man,

ary -
and Ca™ ' ecombinad. Tl presenisiion vwill be concsrmed with this

external doss, iis ma .m’/aiaent veriation with time,; and how 1%

compares with the dogs fron nstursl background radiaticon.
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Moogsurevents of gmame-rgy eniiting fission produehs have bt

nade periodically on 20ils collseted ab the fvgosns Nabional Iaboratory

site gince the spring of 1957. Tk measwring technicus avployed wan

-

that of gomma-vay specbromstry of 2oll samples of Pinite pise (LR kg
uwsing a 5% by 4% Nal evyetal end o0 Avgovee Tyve 255 channel anslyzsy.
Ths goil was geomsirically arvangsd by msane of a stainisss phesl
container into a one inch layer sromnd and over ths erystal {6).
Beckground reduction, esseniial for the delection of the guantiiias

o, .
of zebivity luvolved {approximately 107 10 gpin o7 0D Jkg of soil),
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was sffected through the uss of thick sbeel ghislding ar
sample sod detoctor. Soil sampling was dons Go a depth of & inches
2o that esserntlally 211 fission produets presend ovor a glven aven
vere incliuded. Two gemma~ray specira of soil iteken with @n Fal
erystal are shown in Figure 2, The one from deen scil is free of
sny fission sctivity snd contains only Th, U, sud X0. The ofher,
fron 80il collected in July 1959, irdicates the preserce of two veaks
not evidend in the firgt case., Tha one veak i3 dus to Zﬁs 95
and the other to Rul®3,105,

The concentration of {ission and aaturel radicaciivity in soil
was de determined by the use of gourcss of own asitivity incorporsted
in mock soil (HegFo i;) . The mothcd presupposss kmowledgs of the varions
isobopes present in the soil. The shandard refersnce specira, ous for

each isctops, pernit settiag up the fractlon of the %otal ecunting

rate cecur¥ing in esch spostrel rezlon, thers heing =3 wmavy regions
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thore zve lsolopes. Thus the soiubion of the appropriate nunmber
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gimplitancous sguatices yields tvhe conceniratlion of eaeh padicwnurlids

o
foly

iz the 80il being analyged. The crrovs inveived Ian suzh a procedurs

wore £sbinated by propsring and eouwnting a meok scampls consisting of

L)

c.:.

&

knovn amounts of the varicus lsotopes, snd then solving the pertinen
sguations. Compsrison of the avalyvical regulds with the amounts known
%o be pressnt providos a msasurs of tha eryorg Ilnvelved in sush a
mothod. The srror in determining (‘251379 for example, was found to
be on the order of 153, with similsy errors for the other figsion produeis.
» 2
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Toble T irndicatos the activity in me/mi® Tor Gelo-bo0, 27, Ret®
4 3 *
143 A .
Ru}'%g C@"'l"", and Col** ot various times since Mxy 1957, Thess daba
& 3 o 337 3 -3
indicate the contimuing secumnlaiion of Cg™ ‘', doubling betwesn
October 1957 and Seplember 1958 and again slwost doublin the spring
L2

of 1959. Because of its 27 year half 1life, =

iz a relisbls indicabor
of the total faliout sccumiiated ot any given loeality. He Tigures
eppear for Sr20 gince it is nod a gamma-emitting leoctope. Howsver,
work done in colsboration with the Health and Safety Laborabtoxry of
the AEC reveals that thers is a fairly copstant vadio of 1.6 £ 0.2
betweer tobal CsL7 and total SroC ectivily in soil (7). Therefors one
would expect the 8290 setivity to be roughly 0.6 thal of galo? o

The soncentration of fisfion sctividty is thus ueasureszble, and
the distrivubion in depth withim the soil may also be determined
empirically. The dose arising from these verious fisslcon producis

may bo caleulsted wnder the assumpitlon that the eetivily is spread
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oniformily on an infinite plane sceording Yo the rroesdurs of

G. M. Dunning £8). Absorption and bulld-up fachors have bsen lncluded
for' each isotope, and the resultlng dose rabes are shown in Tabise 11,
It should be emphosived hat theze dogn rales in ;k a8/ hovr sxe Tor

an unshisided point one mater above the ground.

Tae doges thus calculadted were compared with the dcse mossurad
with aa approprisbte londzabicn shember &b varions $imes duwing 1252,
In order %o compare calculaited end empirieal dose rates one muslt bosr
in mind that the weasured doze containg a component dus %o nabural
radicectivity and %o cosmie vedimbion. The dese from U, Th, opd X0
ngy be caleulabed from Muitgvisils squations uging the concendrations
of thess radicslenscnts delermined from gamms=vray spsctroazetry (9).
The dozs from cosmic radiation wap taken Trom the literature end
exoressed in }&'ad/hmzro Teble III shows the calewisted dose Tor
april 1959, totaling 19.2 }maﬁ/’heﬁr, contrasted with a mossured doge
vate of 18.5 }n'ad/hom*e Agreement of g similer order was cbesrvad
during the succzeding spring end summer monthg, Jending support to
both the method of celeulatiorn snd to the method of moaswring fission
produet concentraticn,

A48 previcusly cbtated, these dogs rates peritain %o the unshielded
gituation. The sctual dose to vwhich an individual 1s oxposed must
teks indo eccount shislding, time spent cubt-oi~foors, snd the liks.
Agein ugs wes made of sn ionization chambsr %o dstermine the dose rste
Indoors snd cutzide, Withirn the scoursey of measursment, & shieiding

fector of 5 was found for £allout vediablon {i.s, the dose due %o
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follont resvailing indoors was 1/5 bhet fourd ouboide), Such a
shielding factor is in agreczent with that proposad by the TH as an
gverags for Western type structures {(10). #in additionsl fecbor hss
beson suggested by this body to account for wsathering whilch redueces
the dose becavse of lsaching, washolf, and other meschenisms which
reCuce the ectiviiy present. Over the periocd 1957 to 1959 no divech
svidence has been found at this laboratory for a dovmwerd movement
of €37 in goil, nor has it bsen formd for sny of the other isotopes
mentionsd., Therefore, for this periocd, no factor has been included
for weathering.

A uwnique 3itua%ion sxists et the present time for the study
of fallout meehanisms. Testing of nuecliesr wmapons has stopped, and
thers iz no further injection ¢f fissicn debris isto the gtratcespheric
regevolr, so that it should now 8 possible tc obtain values for failout
rate snd phratosphsric ghorage time., Furthermore, sines no mew activity
is being produced, there is somz justificabion for hoping that futuxe
levels of radicectlvity end radiation may be predictsd within
reagonsble iimits. To this end monthly soil samples bave been collected
a2t Avgonre since Mavrch 1959, and from thess samples falloud rates for
sach redioisctope mentionsd have besu determined. Interpretadion is
complicated by the faet that a porticn of the fallont at Argonns comes

from tosta conductsd by the US and UK in the Pacifie srea and a porilon

from Russian testa carried out in the far Worth. The siratosphsric
storage times and consequently the fallout rates appear ¢o be substantially
different for Gebris coming initlally from thess two locetions (11,12).
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The best £1% to owr dsda is cbbalped upon assuning Hhat 40757

of the fallout is due to Russian tests having 8 storage Lims of & ic

2 months with the remainder comlng from Paeific tests with a storage
time of 4 yesrg. This proporbloosbion appssred o conbinue theovzhoud
the summer of :1959. On ihis besig it is possibls $o compute the
initial a.mcim‘fs of sny isctope in the resevolir at the time of dstonabtion.

37 ecntent of She ressvolr spcording to these

For sxemplse, Lie Cs
data wvas 6.0 megecuries in CGetober 1958. For thia seme daks, sir and
rain sempling Indicated 4 megeeuries of Sro0 in the resevolr (13},
Using the Cs/Sr ratioc of 1.6, ore obisins 6.4 mogecuries of calo7,
The initial resevoir content of the obther fissicn vroducts measuzed
are in agreement with that of CBB? szcording to the fissicon yislds
of theee isctopes.

Et‘ixc-aouz;aged by tke consistancy of thaese findings, estimates of
the future levels of external rediabion and intogral dose from such
radistion wers made under the sssumpbion that testing is nod reswmsd,
Iz i3 to be emphasized that these figures actually pertain only to
the Argorme site and ite immedisbe surroundings, although the similarity
in Sr0 deposition at Avgonne amd &b other localities throughout the
Rorth Central and Hortheastern United States lmplies thel comparable
fallout lewsls oxist over this grea, which contains roughly one half
the population of the couniry. Figure ? indicctes the wariation of
garma dose rate from all fission products, a8 well as that due 4o

08]37 alone, starting in 1957. Extrapolation to futurs lovels is dore
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on the basis of no Niwrther tonting. The mexinua Jdose rabe from a1l

il.3R ;zraa/hour dus S0 aatvral beekground., Consimrently the interaal
whole body dose from 08337 wag 0.2 }gcaﬁ/hem* aud that %o bone Traom
3¢ 70 was 0.3 /&a'ad/hom:'o The total internel dose belng on the order of
ore third that arising from oxlernsl fissicn products. As expected,
after a few years the bulk of the exterral doss is dus to celd7,

The integral 30-yeer snd 70-vear whole body doss %o man from
fallout rediocactivity wers caleculated Tor the present situsblion in
which thare has bessn no further desting sives ths fall of 1958. Thess
doses havs bezn termed the geneiiecslly significant doss end the lifetims
dosz regpectively. The whole body dose is composed of an exbernal
component, attennated by the proper shielding Tfmetor, amd en internel
eomporsnt arising from Céﬁ 7@ An additional source of radiation to
boné exigtg due %o the prosence of Sr?0., The externsl doge was
computed using two mssumptions: {A4) a shislding feetor of 5 for all
radionuclides, and (B) a shielding factor of 5 and a wosthering factor
137

of 2 for csP7 ., The internal dose from Cs giso involved two

B7 1ody buréen is proporticnal Yo falloud

assuzpbions; {C) the Cs
vabe, snd (D) the cs? body burdsa 18 propordionzl %o the ascumulsted
cal3? devositicn. Depending upon the essumptions considered, the

30 year -dose liss botwesn 42 aad 113 wrads and the 70 year dose between
48 and 170 mvefs. Investigations at Argonne have showa little westhering
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of the comsentysiion of 1‘3*3 in milk #0d obthey Tocdgtulfs heve
shovn primarily 2 dependesce upon Fellout rate, vhieh in bturn
implies that the body burden wiil o ot Jecondont aceopding bo

assumption (G} {2}, Toe wost

{assumpbions {4) pius (£} ) i3 52 wrads oxd 52 weeds For She TO0-veor e

dogs, These compare wikth 30 and 73 vewr dosos of 3.75 aad 8.75 rads

regpectively due to natural radiablion yhleh is assumed 5o anound 3o
125 mreds/yesr in the Chichge arca. Thus faliowt radicssdivity Tomnlts
in a dose izeremenb of 1.4 and 0.7 pereent for the 30 and 70 yesy
dosse vegpectivoly over and above thab dus do nadursl sowrees. 4
summory of tha walues oblainsd usiaz the vevicus assuwsviions aloag
with those drs to patural sources is givspn Iwn Teble IV, Egblimalss
of the dose to bouze from 5090 for thess bime imtorvals is also inciuded
in this table (14),

Consideration hes also besn given o the whole body Yallout doos
in the case vhere teosting conbinves for 5 yesre buyond 1558 at the

195458 teoting rato end for the case in which hesiing conbimses

Indefinitely at this rata. The genotic and 1lifetize dozss mader thesa

R - I sd 3 w ‘ R *. o iy I P S Lo
cizcumptances ere peenenbsd In Teble ¥ with the dogs fvon nsbural sources

shoun for comperison. OConbinuous testing will zozvld in an incresss in

0
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b
-

g

whole body ivrsdiation emownt do some &6 over thal ecoming Dron

naturel dackgroand.



w1

It will be noted that no evalustion hag been made of the doge

due b0 TO1, ¢l

» or other radionuclides known to be present in vivs
even very brisfly a&s cceuwwrs In the case of non-pssimiliatod elements
paaeing through the GI dract. As fer es vhole bedy irvadiatiocs is
concerned these radioisotcpes are of secondawy imporbance compared
with gromd fallowt and inbernal Cs= ! end Sro0.,

The methodology described and utilized in bthis work has made
it possible to obtain a measure of the doss arising from gomma-emiiting
fission getivity om the ground. Evaluation of the whole body doss
to man from such sources has besu made through the use of shleldiag
fechors spplied to this gamma radisdion. The pressnt situstion in
which ruclear wsapons testing is no longer bheing carvised oub will
lesd to a genelic dose of 52 mrads and a Jifedime dose of 62 mreade
to roughly ome~half of the populetion of the United States, aen increass
of epproximately 1% over that arising from patwe’l radletion. Ths
continuous testing of nuclesr wespons at the rabe ocewring betwesn

1954 end 1959 would reeunlt in an ineresse of the whole boedy dose of

goze &% over thet ccowrring naturally.
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TABLE ¥

Jomma-Ray Foltiing Pellout Badiesctividy on the Ground at Argomme Wational Labovatory
N
in mo/mi<

1957 1958 1959 «
Isotope May July™ Cetober April July Sept. March April May June July duguad
ze95. B 180 195 230 200 95 315 731 980 10hk3 917 786
cel3? 35 b 37 k8 G0 82 128 135 k1 I 152
Rut08 175 180 180 170 iS50 210 62y 812 881 1373 1202
RO s 200 2ho 130 35 60 331 230 186 120 B8
ce bl 10 120 ko & 15 50 580 329 268 182 113
colil 240 260 2vs 250 215 270 187 JuB0 IE33 1voh 1812
Totale™™ 1095 1184 1332 3085 669 1322 Lasz  L91s 5098 5160 LG9

'u. - (o) P . - . - N
Soll eollected LO miles from the Argonne site gave essentially the same resulls as the ANL poilg, indiceting ihsb

any contamination from the veactorg at Argorne ig of secoandary importence in this study,

Y ¢
ol Agsuning Zr% uNb)S %o be in equilibpima,

" > w . . . .
9 potals include activity due to both 237 and Nb%v 1.6, May 1557 360 mc/zn12 from these two igotoras.,



Doge Rate dus o Fallout at Arvgonns Netional Laboratory in prad/hous

TABLE XI

Tsotope tay Juiy Uctobar April July Sept, Maveh ™ Apeil Tay oJung  oJuly  Aupuot
7995 %2 Jolk 1,23 1.L6 1,27 0,60 2,00 hoth 6,22 6,62 5,82 L.80
cul37 0,09 0,08 0,09 0,12 0,15 0,21 032  0o3h 0,36 0,37 0,38
Ru;06 0,15 0,17 0,15 0,14 0,13 0,18 0,53 0.69 0,75 1,00 1,03
Rul03 0035 Oolil  0.Li9 0.27 0,07 0,17 G.69  0.L8 0,39 0.25 0,18
031“1 0,01 0,02 0,02 0,01 0,01 0.01 0,13 0,07 0,06 o.h 0,03
collil 0.0L 0,05  0,0% 0.0h 0.0 0,05 0,21 0.27 0,28 0,31 6,33
Total .78 1.9h 2,26 1,85 1,00 2,62 652 8,07  8.L6 779 &.75
Natural Background = 11,12 prad/hour
N
‘Qf;\
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TiBLE T3

Galoculated and Measursd Gamma-Ray Dose Rate One Mabesr above Grournd
at Azgonne National Iaborataey April 1959

Caleulated Measwed
Therium 2,53 prad/hour
Uranium 2,65
0 2,77

Cosmic Radiation 3,17
Fallout 8,07

Total 19.19 prad/howr 18,48 prad/n

Q
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TABLE IV

Integral Doss for ths Cage 1ln which Testing Stopped in Fall 19358

in mrad
Whole Body y Bone
External Internal-Ca >’ Total Backgrowd Beons -5k
Time interval (E)* §:P) ()] 48D
30 years b2 32 10 7L 42-113 3750 Li0-160
Moat probable e (1. Lg)™*
70 yeary 52 Lo 10 118 48-170 8750 975372

XTIy

Host probabls 62 (0.7 !

¥ Aspurpdtion (4) Shielding factor of & for all fission products
u (B} Shiclding factor of § and weathsy factor of 2 for cut3?
9t \ 137 g A . oy S LT 2] X e
(C) Co body burden proportlonsl to fallout rate
Ly, . .
n (D) 0st3 ’ bedy burden proportionsl to eccumulated fallouk.

Percentage of background doas,



TABLE ¥

Probabis Values of Whole Hody Dog

3 aw e
20N WP

TOerzoy Dougo

a3

Conditions 30=-yazr Doss

Tegts continue for 75

5 wears beyond 1959 @
7 ¥ (2.1%)

Tegts continue

indefinitely (232%}
Natural Background 3750

*
Percentage of Background Dose,
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Plowes 1.
Figure 2, GCamms-yey spectrs of soil.
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