
·'.l 

~ 

A-SSESSMENT OF 'f.t-1.E RADL:\'1.'ION DOSE ~)UE TO FALLOUT 

P,, F,, G..lBtaf'son 

.Argoun<i ·rr~r~ional Laboratory ~ 

w:mont: IlliTiois 

October 1959 

BEST COPY AVAILABLE 

ff l'/ 
'ff ----

407918 

This wrk vas p:arformed under the auspi~$19 of the U., S,, Atomic &ncergy 

Commission., 

I 
" I 



tha food chain Hnd s-re d~posi~d :ln the hu.rna..n body have been 

qwll.itatively assessed (2 s.3),, T"ne body bu..-den:l of s:r90 and. csB7 

have been :i:naasm-ad as a. i\m~tion of til:ic ' .mo -:.huo ·~he zaooia·tion dotres 

arising from suzh i-r..tm'!lcl deposition may alee be deter.mined (4~5),, 

A second so~~ of radiation also 0::dstn s l"l~ly that which is due 

to g~mit·'-ing fissicin pr·c-duot,.s <BxttJ:r-.aal to man, yet c;apable of 

delivering to rrum l't f2 dosv cft©n TI!a1¢old ~ate:;:· than that due to s:r9\J 

and ca137 eombiw.~d., 11r'V! vrcsE1~rrtstion vi:ll be eooo:Brned ~..r.ith t'.his 

external do3e 9 its ri:eamJ'.i:."\~m®nt 9 vaz-iation vl·&h tirrza 9 and hw it 

compares .,,,ei th th~ dose from natural b~~ou:nd radiation,, 



Baekground :redl!:0tion, essential for the C.et~oe-~:lcn of too quontitfos 

of ac·tivity lwolwd ( apy-.1.~o:idma:tely lO~~lO c1..n:i,5 of cs137/kg of s:::>:ll) :i 

crystal are shewn in Figure 2,, Th<) one from deep soil is ~ of 

'-0 
smy- fission el:;t.ivity and ~ont&ins o!lly Th, U, aud r ., The oth01" 9 

from soil colle~ted in July 1959, :lndkat.es the t~set\'.Ca of tlo'O ;:;.'!l~s 

not evident in the first 'i::aOeo 'rnn one ~ak :ts due to zx-95=Nb95 

and th~ other to Ru103 ,106" 

in mock soil (Na3ro4)" Thi! me·t;hod µ-.esuppo!!es knC"7.1ledga of th~ various 

iaotope3 ~;:s®nt in too soil.., T.c.-e standm:d Te:f'ere~e spectra, one for 

eeeh isotope, permit setting up the fraetion of 't~ total counting 



/ 

to 00 pre.sent i>TOViCcS a 1I2!.'H:lBtlr'3 Of th~ ~!TOTS h~:volved in sw:;h a 

100thod.,, Th~ :3T?'Or in det~:rmining csl.37 ~ for :exem.ple, vas found to 

be on the order o:f 15%, v.i th simi laT er:roi•s .for .ti;he other fission prorlucts ~ 

' ? 9;; 0 5 1 'l"7 Jr.'' Table I iildiea:ooa th~ a:c"th-ity in rac/m"" fo-r z:;_~ .... -Nb"' , Cs.;_,; 1 11:11 .w, 

Rul06, eey141, snd ce144 a-t various tilrBs since M;zy 1957" Thes~ data 

indicate ·~he cont:J.mtlng ea::eumulation of cs137 
ll' doubling °OOt"WG~n 

oc·tober 1957 and Se~emher 1958 and again 81..:morrt doubling by tile spr-1ng 

of 1959., Because of i ta 27 year half life i cs137 is a reliable indicator 

of the total fmllout. aceumu..latad ~:'G any given locality.. No i"ig-l..Il'0s 

appear for Sr90 since :it is not a gamma=emitting isotope o n~~r 9 

'WOrk done in eolabOTation Y.i th the F~a:Jl.th and Safety Labo:C"atory of 

the AEC ?eVealB that ·i;her:~ ia a :f'aiTly eonstant ratio of 1 ,,6 ± 0 ,.2 

bet~~ total csl.37 and total Sr90 ootivity in soil (7)" Therofo:N on3 

wuld eXpet!lt the s~90 31et:lvity to be roughly o,,6 ·~hat of cs137 ° 

the distribution ill depth vithin the soil rosy slao be determined 

empirically o The dose arising from thase various fission prod~ts 

may be ca:l.cu.la~d ~ the assumption that tt-0 ootivity is spread 



in mind the.'t tht> measm-ed doee ccrft.ains a ~ompo:i'le:rrt dna to natUTa.1 

radioactivity and to coomi((o. r&dl.a-tion0 'l'hil dooo fTom U, Th, e;nd K40 

The dose from eoamie :radiation vas takeu from the literature and 

expresood in yrad/ho'#ZI',, Table m shws the calcuJ.o.t;stl dose :?or 

!1.pril 1959,. totaling 19~ f""ad/hour, eo:rrjjrru::ted '&?ith a me.sured dose 

rate of 18 ~5 Jll'a.d/hour" Ag:rciement 01: a similar order vas cbaerv:OO 

during ·hlle suee@edi.ng spring and SUillllle!" months I) lw:1ding sup-por·t to 

both the method o? ceJ.culation and to the method of m.ciasuTing fission 

take into ~count shieldingp til'.il& spent out-of-doors,. and the like" 

Again use vas I:lade of an ionization chamber to da~ ·~he doss rate 

indoors and outaideo 'Within the aceurooy 0£ masurement, a shielding 

f'ector of 5 vas found for fallout radiation (i oe 0 the dooo due to 
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Such a 

redooe the activity J'l"'eOOnt? Oi.rel" the period 1957 to 1959 no dirret 

t'3videnc0 has been found at this laboratory for a d~"8!'d lnO'Ve:mant 

of cal37 in soil, nor has it been fotmd for any of the other isotopes 

mentioned o The:ref o?e, for this period~ no .f'actoi .. has oosn in.eluded 

for ~atooring .~ 

A mrl.qua situation iorltrta at ·t.he pti~S~nt ti.me for the study 

of fallout msiehanisms,, T~sting of ntwlear weapons has stopped 9 and 

there is no further injeetion cf fission debris into the atratoaphotY~ie 

~sevoir 11 so that it should nor..r b:l possible to obtain values for fallout 

ra"'~ and stratospheric storage ·tii:na,, Furthermoro ii since no new aetivi't-y 

is being produeed, there is soma justifieation for: hoping that fut'l.U'.'e 

lsvela o:r radio~tivity Mil radiation 'fi:EY be predicted ~thin 

:reason&ble limits "' To this end lnonthlly soil samples have been re ollect©d 

at &:~gom.w since March 1959 ~ and f:rom thea:e samples fallout rat<es for 

eoeh radioisotope :mentioned have been determinedo Interpretation is 

complieet.ed by th-a fact thli\'l> a portion of the fallout at Argonne ~omes 

flrom teats condu,1:rtad by thil' US and UK in the Paeific srea and a wrtion 

f'?:om Russian t~sts ~8-'YTicd out in the fsr North<> The re..ratospherie 

storage times and consequently the fallout rates appear to be substantially 

diff'e:rent for ~eb:ris coming initially from these tw looetions (11,12)" 



of th<a fallout is due to Russian teota having a r.tox'~ -'.,;i.w of 6 to 

9 months v.t th the rezr.ainder coming fro;n Paci.fie t.ests vi th a storage 

the SU!lIDl..Sr of 1959,. On this baaie it is poaeib1s to compute th'2 

initial amount of any isotope in tlw ~sevcir at ·the t:i:me of datonatione 

For enmple, tne cs137 con·tent of -l:;he resavoir ooeorfilng ·l;o thesis 

data mis 6,.0 megoouries in October 1958.. Fox ·f.hia srune dsrte, cir and 

rain sampling indicated 4 megaeurles of S;r 90 in tl'.:.-e rese--voi:r ( 13) " 

Using the Cs/Sr ratio of: l ?6 ~ one obt~ina 6 ,,4 ioogaem-ies of csl37 o 

The initial ?'8erevoll' {!ont<!C!nt of the oth;ar fisaiO".a products meas~d 

are in ag:retiment mth tha·i; of cs"7 
&!:'l'CO:rtling to the :fission yields 

of these isotopesa 

Etmouraged by the ~onsistancy of these findingai' estimates or 

radiation wers made under too ass~ion that testing is not ~smnred o 

It is to be ~mp.hasized that too~ fi~s actually pertain only, to 

the Argonne site and its imnediate surroundings, although the similarity 

in sr9o deposition at Argonne and at other localities throughout the 

North Central and Northeastern UnitGd States implies that comparable 

fallout levels ~xi.st over this area, 'Whi«.'!h contains roughly one hall' 

the population of the country o Figure J indicates the variation of 

gamma dose :rate f'ro111 all f'ission produets P as yell as that dt.'-e to 

cs137 alone' starting in 1957" h"trapolaticn ·to future l~ls is done 



fission mata,.ial occurred in M~ 1959 .0 maountiilg to 3 ,,46 ;xr.'ad/hom."' 

unshielded, or 1,,.69 Fad/hour fo? indoor expos<n"i3 ~ :eo:ntrasting W..th 

ll,,1.2 p:rad/hour doo to natm·a:l!. b2:1Jkgrot1nu,, Cor1:;uyz·iantly ·the internal 

~ole bo<ly do~ f1-om ca137 i~-ru3 0 2 ;rcm.1./hour ~JJ.d that. to bone from 

Sr 90 
"WSS 0 ,.J pad/hour,, The to·tal inte'!-ne.l dosa beli1g on the ord®r of' 

ozi.e third that arising from ext~rrn51l i'iss:lon px·odu·cts.., As e:xµ~ct~il, 

after a few yeers the bulk o:f th~ (lX'~l'T..al dose is due to ce137 ,, 

The integral 30=year and 70=yeux ');;hole body dooo to man frcm 

doses have been ter.md the geneticslly signj ffosn:t. doss and ·t1'..e lifeti::n.a 

dose respectively,. 'rhe whole body dose is compoSBd of an external 

component!> attenuated by the proper shielding factor~ and an internal 

eompooout arising ft .. om cs137 .,, Au additional Sou:t"lCe of radiation to 

bone exists due to the preoonee of Sr 90,, The e::.tternal dose wa.s 

computed using t·~JO asaumptione; {A) a shieltling f &ato:r of 5 for all 

radionucll&s,, and ( B) a shieliii.ng f a:Gtor of 5 and a v..-oatharing f airtor 

of 2 for ca'l37 o The int~mal doatl f'rom cs137 also involved two 

~S'Ulllp~.ions; ( C) the cs137 body burden is v-.eoportic'rutl to f'alloat 

l"ate~ and (D) the csl.37 body bu..rdsn ia proport:iorutl t.o the eccuaiulated 

cs137 deposition.., Depe!Yl-ing upon the astn.nap't1icna considered, the 

30 year dose lies bet.-een 42 and 113 mrads and the 70 year dose bet'WBGD 

48 and 170 mrads" Investigations !?;C. Argoil.l""le hav""e shov.n little 'i<.reetbe:ring 



implies tlw.t ·i;ha body 

in this table ( 14) a 

Consideration has also oo~n giv~n to ·i;h.e ~holB body fal.lout dose 

in the case vhe~ testing contin1.ies fer 5 ye~$ bcyom'.i 1953 at th~ 



It vill be ·noted that no evaluation 00s been lt'..ade 0£ thl3 do2,e 

due to 1131, c14, er other radionuc:lidee knwn to be present ii'l YiY2_ 

evoo ve:r-y br10i'ly as occUTS in the crure of' non-rureimila-000. ele.TI)£;nta 

eo:ooerned th~se radioisotcrpes a..~ of z~ond.a:ty :lmportari::e eom.pfil"'1'ltl 

,'l7 qo 
with g-rolllld fallout and internal Cs""-' mid Sr' ,, 

it possible to obtain a. merumre of thEi dose sris:U1g f'ro:m gamma-em1:tting 

fission activity on the ground., Evaluation of ·i;he vhole body doge 

to mm i'rom ~h sources has been made through the uoo of: shielding 

factors applied to this gamma raditi.tion,, The :pr$Ssnt situation in 

which nuclear ~pons tea·ting is no lon~r being carried ont v.i.11 

lead iio a genetic doss of 52 mrads and a llf'Gtime dose of 62 mrads 

to roughly one=half of the population of ·the united Statea, an inereasa 

or approximately l% ovar that msing i'rom :r>..atu:ral radiation 0 The 

1954 and 1959 -would result in an ir.erel!.00 o:f too wole boey dooo of 

some 6% ovfn.' that occun .. lng nattU>ru.J.y,, 
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'1'1\BLE I 

G&mma~Ray B.m:i.t,ting l"allout. E\ldio!'.l.ctivity on tht~ Grctmd v.t .'\rgorme Nnt1.ona1 Litbo1'at.ei:i."'y 
"' .1 ..... WW'•/•d' .w.J .1.iJ,1,,,1 ~a·-

1957 1958 1959 
Isotope _ ,_ ......... Fia,_...~-•• -----~~r~.--r.PJ.:£l Jt~Y::~:·-··"·!1afiJ[Jr~~~lflTI!f~3L ... ::~::.~::::=~=~:~ 
zr95 ... Nb95.~* 180 195 230 200 95 315 7~31 980 1043 917 7.~6 

Cs 13'7 35 3h 37 45 60 82 128 ] "'C' .,)::) 11~1 :Ll.+7 152 

Rul06 r15 180 180 J.'/O ., -• . ....,, 
.!.~U 210 621~ 812 881 lJ.73 1202 

Rul03 175 ~ioo 2L10 1.30 35 80 331 2'30 186 120 BB 

091h1 110 120 lhO 60 15 50 .580 329 268 J.132 l"l •• ··> 

cellt.4 :?.40 260 27$ 2.50 ~~15 270 :n27 :U1.50 1;~33 l?Oh 1812 

Total;*M{T~ 1095 ·--ner-~-·'J:J32='=~'"'1o5$-66'5'" .. 'iJ22"~·"4-,.-· 425"2~'4 9l65o~-Sl.60~£;879-.. "·,·-~-~,~· ~~.~~~w"~,, .. ---. 

* Soil collected 40 miles fl'Ol!'l the Argornm sHe gave essentially ·~hG s11ma results as ths AHL rJo:Us ~ ind.J.cat:l.ng thut. 
any contamination :fr-om the reactora at Argonnl!'.I is of l!!econdary i."T1po>;~tance in th:l.s study. 

** Assuming zr95 =Nb9$to be in equil:1.briu.m .. 

***Totals ip.clude activity due to both zr9'S am Nb95~ ioeo !iay 1957 360 ~/m:i2 from th~sl3 two it!!otor.czo 

... ~ 
·-::.) 

~t 
·"" ·t, 
~~~ 

'~~ 



'.l'ABLE II 

Doe;a Hat\3 duo to Ii'allout at Argonne NDticm.al I:.abo:rat;ory in 1.n"no./hou:t' 

195'7 1958 1959 
Isotope -=- l!':l..~:~~~7-·3~oar~;eill_y~~~~f~§f§}~~i3l~I~ ~~--~§E::~:i:: .. ~t~-£~T~iilC:::~:~. 
zr95 ... Nb9S loJ.4 1~23 1.-46 1,,27 0 0 60 2o00 ho6lr. 6.,22 6.62 5~82 t~,, 80 

08137 Oo09 Oo08 Oo09 Oo12 Ool.5 00 21 0.,32 Oo34 0.,36 Oa.37 0.,38 

Rulo6 0.,15' Col;:' 0"15 0.14 0.,13 0 .. 18 0.,53 0-.69 Oo75 loOO 1~03 

Rul03 Oo35 Oo41 Oo49 OQ27 0.,07 0~17 0.,69 Ooli8 Oo.39 Oo 2~) 0¢18 

CeJ.4l OoOl Oo02 0~02 O"Ol OoOJ. O~Ol 0.:.13 O~O? 0,,06 o.ch 0~0.3 

ce144 Ooo4 04005' 0.,05 0.,04 Ooo4 0~05 Ov21 Oc27 Oo28 Oo31 Oo33 
-~--··c-·i::·me•w 

-,,i11 .. --=··· 111\t •w1.:1ia~~~IW'."--~~~ .. ~~~~~~~~~1•t:J111~-w.-~"'"'""'1' .... "'''"·'''"~,,._:_';;".,:;c~O 

Total 10 78 1"94 2.,26 1.,8.$ loOO :?. 0 62 6.,~2 8.,07 8046 7,,,79 6075 

natural Backgl"OWld '"3 11., 1~ 1.i1•ad/hou:r 

.)., 
' 
< t, - .. ~ 

~~ 
.;~~ 



Calculated ruxl Memru:<"ed Grurx1w""Ray Dcx>;G Rate Gne Hater above G:cou.:nd 
a·t Argonne !fa·tiorial Y..iaborato;;-y Ap::-il 1959 

Calculated Measured 

Cosmic· Radiation .3017: 

Fallout 8007 
=:·=·~ 

Total 19 .. 19 z.u"ad/hom- 18.,48 prad/hour 
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TABLE 1.V 

Integral Dose for the Case in which Testing Stopped in Fall 19';8 
L"l mre.d 

-- - ·- ··----·~··~-------~--~~-:--J:)l?'' .... --.-~--· ~---·· --"------~-~~ ==""'" 
External Internal ... Cs Total Backg:rowrl Boi'l!'; =~.90 

Tfiii rntorvar~-TJrJ"W---ury-----~rr.rr--·--~-··--~-----
~--,. - _. - • ----... -•.ow _ _,.._ 

30 yeai•s 42 32 10 71 42""113 3750 40~160 

Most pi"obablo 52 (1.,4%)~i~ 
"'l'"J~U..., 

70 years 52 ),+Q 10 118 48~r10 e··,,-o 9J~J72 

Host prob<tblei 62 (0 f"J(!1) 
c 'r.; 

, ~.,-...c....,.,.,......,. .... .,,... __ ._.,.,,,_~.,....,._,<»<_......,,....,.,.,., .. _ ....... ~--... .,,., ... _..,,....,._ ............ ~.-n:._.....,.__......._.,.-...,.........-, .. -"'l>°•""v• .... ~•.r.........-• ,,.,,.c,,.r,,. ..... ~r·__.1r.,,.....,,_..,...,., ..... _,,.....,..,A,,...,...,.,,, ........ ~.,,..,...,.i.-.... -..-~-~ 

* ( ) Assmnpt,ion .A .. 

If (B) 

~I ' (C) 

n (D) 

Shiolding fnctor of 5 f'o:r al1 firmion product~ 

.Sl1ieldlng factor of 5 and wcaths:i:• factor of 2 for ca137 

Cs1.37 body bu.:rde:n proportionn..l t.o fD l.lout ra to 

137 Cz br.xiy burden propo:r.·tional to a.ccu.mulatsd fallou'l:f ~ 

~ 
Percentage of background dosaa 



TABLE V 

Probable V~lu.e3 of Whole Bcdy Do:se 1n rnrads 

Conditions J0=yaetl" Dose 70--:r~ar Dose =------------...;;;...- -------~--~----
Tests continue for 
5 J~ara beyond 1959 

Tests continue 
inde.finitely 

Natural Background 

* 

?9 
( ') ~ c!)* -:. ... (1.Lp 

234 
(6,,2%) 

Percentage of Background Dose~ 

>5 
(1.,1~0 

8750 



FIGURE I.mlmS 

Figw:'IS 2., 

Fi~J .. 

in 1958,, 
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Gamma -Ray Spectra of Soil. 
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