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in emvivoments! rediosetivre conbemingéion

fhe desree of contamination varies wihh tha ce

depending primarily woon its position relasive

smoumt of rainfall, and the Jabitude 11). Phe

deposition with latiGude is

pattern holds teve for fallout coming from

She primary souree of world—ide
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the food chain and sre

seed (2,3).qualitatively asse The body burdens

have been measured as a function of time, and thus
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Pasurements of samie-rey enlisting Pission proguces have ves

 

made periodically on soils sollected at tha irgorne National Laboratory

site siswe the spring of 1957. Tho measuring teehniara orvloyed was

:
that of gamma-ray apectromstry of soll samples of finite wise (1-2 zg}

using a 5° by 4° Nal eryeteal and en aygonne Pyve 256 channel analyser.

The soil was geometrically arranged by means of a steimiess obesl

eontainer into a one inch layer sromd and over the exyatal (6).

Beckground reduction, essential for the detection of the quantities

rm , 7

of achivity involved (approximately 10”10 ouris of os?! fkg of soil),
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+ &was effected througn the uss of thick stesl shieldiag az

sample and dstector. Soil sampling was dons to a depth of 6 inehes

go thet essentially all fission products present over a given aren

yers inciuded. Two gamma-ray spectra of soll taken with en Ral

erystal are shown in Figure 2, The one from deep soil is free of

sny fission activity end contains only Th, 0, ane °°. The other,

from soil collected in July 1959, indicates the sresence cf two peaks

not eyident in the first case. Tha one seal is due to Beoily9

and the other to Ru} ,106,

The concentration of fission and natural radicactivity in soit

was dedetermined by the use of sources cf tmown acbiviby imeorperated

in moek soil (HagFO4) > The wethed presupposss imovledes of the varions

isotopes present in the soil, The stenderd reference spectra, ome for

each isotope, permit setting up the fraction of the total counting

rate oceurting in orxch spostrel region, there being ea many regions
238
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as thers are isotopes. Thus the solution of the anpropriate wmuaber

a 2simultaneous squaticas ylelds the concentration of each radionuclideIe
lya

2
in the soil being analyeed, The errors involved in such a procedure

were esbinated by oraparing and counting a mcak sample consisting of=

c
r

2known amounts of the varicus isotopes, and then solving the pertinen:

equations. Comparison of the analytical regults with the smounts known

to be present provides a masurs cof the errors Imvolved in sech a

method. The error in deternining cs? | for example, ves found to

be on the order of 158, with similer errors for the other figsion products.

or a. da a 2 2 mw. OF wD 137 152
Table i indicates the activity in me/ui* for de?-mb” > ap! ah

143 .
mS, cel4i and col at various tires since May 1957, These data2 $

hy id Ea 17 a 2indjeate the contiming accumilation of Ca", doubling betweon

October 1957 and September 1953 and again aimost doublin tne upringi>

of 1959. Because of ite 27 year half life, cs!” is a reliable indicater

of the total faliout accumiated at any given locality. Ne figures

evpear for Sr70 sinse it ig nod a gama-emitting Isotopes. However,

work done in colaboration with the Health and Safety Laboratory of

the AEC reveals thats there is a fairly constant ratio of 1.6 > 0.2

between tobal Cs!37 and total Sr°C setiwity in soil (7). Therefora one

would expect the ge90 setivity to be roughly 0.6 that of Cs?»

fhe concentration of fistion activity is thus measureable, and

the Gistribubion ia depth within the soil may also be determined

empirically. The dose arising from these verious fissien products

may be caiculated under the aseumption that the activity is spread
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wniformily on an infinite plane secording to the proesdis of

G. M. Dumming (5). Absorption and build-up factors have been Included

for each isotope, and the resulting does rates area shown in Tabie ITT.

It should be empaesiccd thai these dosy sates in im ‘gOfhour axe Tor

an unshisided point one moter above the eround.

The doses thus calculated wors compared with the dcse measured

with an approvriete ionization shamber e) various times axing 1939,

In order to compare calculated end empirical dose rates one must beer

in mind thet the measured doze contains a component dus to natoral

radioactivity and to cosmie rediation. ‘The dose from U, Th, end x9

ney be calevlated from Tnitavist’s equations using the concentrations

of these radicelenents determined from sauaneray spectrometry (9).

The dose from cosmic radiation yas taken from the literatere end

expressed in prad/ncur. Table TTI shows the caleuleted dose for

April 1959, totaling 19.2 pred/hour, eontrasted with a moasured doze

rate of 18.5 prad/hour. Agreement of a similar order was observed

during the succeeding spring and summer months, lending support to

both the method of calculation and to the method of measuring Pission

product concentration.

4s previously stated, these dose rates certain to the unshielded

situation. The sctual dose to which an individual is exposed mat

take into atcount shielding, tine spent cuteofdoors, and the like.

Agein use was mado of en ionization chamber to determine the dose rate

indoora snd outside. Within the sccurecy of measurement, a shielding

factor of 5 was found for fallout rediation (4.8. the dose due to

meet
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fellows mevrailine indceors vas 1/5 that fourd oubeide}, Such a

shielding factor is in agrecment with thet proposed by the TM es an

averages for Western type structures (10). 4n additional feetor hss

besn suggested by this body to account for usetheringe which reduces

the dose because of leaching, washorf, and other mschenisms which

reduce the activity present. Over the period 1957 to 1959 no directs

evidence has been found at this laboratory for a downverd movamant

of Cel?7 an soil, nor has it been fornd for any of the other isotopes

mentioned, Therefore, for this period, no factor has been included

for weathering.

A unique situation exists at the prssent tine for the study

of fallout mechanisms. Testing of nuciear weapons has stopped, and

there is no further injection of fission debris into the stratcspheric

resevoir, so that it should now be possible to obtain values for fallout

rate and stratosphsric storage time, Furthermore, since no new activity

is being produced, there is some justification for hoping that future

leveig of radicactivity end radiation may be predictsd within

reasonable limits. To this end monthly soil samples have been collacted

at Avgonme sinee March 1959, and from these samples fallout rates for

eech rediocisotope mentioned have been determined. Interpretation is

complicated by the fact that a portion of the fallont at Argonne coms

from testa conducted by the US and UK in the Pacifie srea and a portion

from Russian testa carried out in the far North. The stratospheric

storage times and consequentiy the fallout rates appear to be substantially

different for debris coming initially from these two loeebions (11,12).

pos pacatve?
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he bess P15 to ow dete is cbhtaimed upon assuming Saab 60-75%

of the fallout is due to Russian tests having a storage time of 6 te

9 months with the remainder coming from Pacific tests vith a storage

time of 4 years. This proportbionabion appsaved to eonbinus throvghow:

the summer of 2959. On this besis it is possible to compute the

initial amomt of any isotope in the resevolr at the time of detonation.

vb? eontent of the ressvoir according to theseFor exemple, Sze Cs

data yas 6.0 megecuries in Cctober 1958. For thia same date, sir and

rain sapling indicated 4 megeeuries of Sr? in the resevoir (13).

Using the Cs/Sr ratio of 1.6, one obteins 6.4 megacuries of ca’.

The initial resevoir content of the other fiegion vroducts measured

are in agreement with that of cel?” secording to the fission yielés

of thege isotopes.

Encouraged by the consistancy of these findings, estinates of

the future levels of external radiation and integral dose from such

radiation wers mats under the assumption that testing is not resumed.

T% is to be emphasized that these figures actually vertain only to

the Argorme site and ite immediate surromdings, although the similarity

in Sr70 deposition at Argonne and at other localities throughous the

North Central and Northeastern United States implies that comparable

fallout levels sxist over this area, which contains roughly one half

the population of the country. Figure 2? indicates the variation of

gamma dose rate from ali fission products, as well as that due to

ce? alone, starting in 1957, Extrapolation to future levels is doze
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on the basis of no fither testing. The sexiness dose rete from all

il 32 prad/hour dus to natural becksround, Consirembly the internal

whole body dose fron cel? was 0.2 prod/hour and that te bone from

sr” yas 0.3 pradfnour The total interne] dose being on the order of

one third that arising from external fission products. As expected,

after a fey years the bulk of the external dose is dus to ce? ,

The integral 30-yeer and 7O-venr uhole body dosa to man from

faliowt radioactivity vers caleulated for the present aituabion in

which thare has been no further testing sizes the fall of 1958. These

doses have been termed the gensiically significant doses and the lifsetins

doze reepsctively. The whole body dose is composed of an external

eomponent, attennated by the proper shielding factor, and en internal

eomponsnt arising from os?7, An additional source of radiation to

bone exists due to the presence of sr2C,, The external dose was

eomputed using two agssumptiona: (A) a shielding feetor of 5 for all

radionuclides, and (B) a shielding factor of 5 and a weathering factor

337
of 2 for cs)7, The internal dose from Cs aiso involved two

137 ody burgen is proporticnal to falloutageumpiions; (C) the Cs

rete, and (D) the os? body burésa is proportional to the ascumilated

Cal? gsyositicn. Depending upon the assuaptiona considered, the

30 year dose lies botveen 42 and 173 wrads end the 70 year dose betyoen

48 and 170 meads. Investigations at Argonne have shown little weethering
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q%
Fa on 4 x 137 3 sel ES eect pet. i deh yale }of the concentration of Cs Bm Mite end other Pocistutfs heave

shom primarily a dependeace upon Pellcut rete, whieh im turn

dy fas thet “8 bots hiredes att) ta webs fecardeeh aceon fe
uplies WAG GDS OOF DORON URAL 10 DGo GODTScores? te

assumption (6) (2), The moat

 

(assumptions (a) pilus (C} } is $2 zeade ond S52 weeds for the VO~year °°

é. 3¢ ayy Pra nee CIES aps Fey . 29n 23doss, These compare vith 50 end 73 year dosos of 3.75 snd 8.75 rads

respectively due to natural vadiabion which is aseumed to amows to

2 5 . 3 aie * HTance, te > ead BeBe Bec Seeergg het125 mrads/year in the Chicago arca. Thus fallout radiosetivity romite

4m a dose increment of 1:4 and 6.7 percent for the 30 and TO year

a a 7 x, a * - we oe eee. On yen a

doses respectively over and above khnat dus to natural oompeaes. A

1 @ tee ge upye Seep ey oti ow eeteee ot aysummery of tha values obtained using ths various aspusebions along

iu this table (14),

Consideration has also been given to the whole body Pallow: dose

oo a ce 8in the case where testing continves for 5 yesrs beyond 2956
> vw

1954-58 testing rate and for the case in vhich testing combirmes

indefinitely at this rata. The gsenctic and Llifebim= doass mder these

cizcumstamces are prenented in Table ¥ with the dose from natural sources

shown for comperison. Continuous testing will sesnls im an imereass in0G

at

whole body irradiation amom’t to somo 64 over thal coming Prom

Ratural background.
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It will be noted that no evaluation has been made of the dose

due to P24 » or other radionuclides mown to be present in vireo

even very brisfly as ceeuwrs in the case of nor-essimilated elements

peseing through the GI tract. As far es whole bheGy irradiatioa is

eoncerned these radioisoteres are of secondary importance compared

with gromd fallout aad internal cs’ ana gp,

Ths mwethcdology deseribed and utilized in this work hes made

it possible to obtain a measure of the dose arising from gaume-emitting

Liesion ectivity on the ground. Evaluation of the whole body dose

to man from such sources kas been made through the use of shielding

fectors applied to this gamma radiation. Ths pressnt situation in

which nuclear weapons testing is no longer being carried ont vill

lesd to a genetic dose of 52 murads and a jifetbime dose of 62 mrads

to roughly one~half of the population of the tnited States, an increase

of approximately 1% over that arising from natural radiation. The

continuous testing of nuclear weapons at the rate ocewring between

1954 and 1959 would reevlt in an inereese of the vhole body dose of

some 62 over thet occurring naturally.
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TABLE £

Gamma-Ray Enitting Pellout Radlosetivily on the Ground at Argonne Netional Laboratory

 

 

 

in mo mh®

L957 1958 1959 _—
Lsotope May July” Ostober April duly Sept. March April May June July August __

ZrMuNb®* 180 195 230 200 «9535 73L 980 1043? 756

Cgi3? 35 3 37 We 6B 1280-135 UU 92

Ryle 178 180 180 170-180 -2LO 6oh 812 881 1273 1202

Rut 175 R00 130358 332 230 186 120 84

gel! Mio «120 ho 6 1 80 Boo «329 268 «R213

Ces 2ho 260 27% 250 #2215 270 Wi27 450 18330 Loh L81e

Totala** 1095 116) 13321055 44S i322 hese koe sos si6o he79 oe

+ * 2 “ e + . "3 2

Soll collected 40 miles from the Argonne site gave essentially the sama regulte ag the ANL colle, indicating thst

any contamination from the reactors at Argonne ig of secondary importance in this study,

4 959?Assuming Zr to ba in equilibrium,

S ‘ . * * : .

= wotals inelude activity due to both Ze’? and Wo”? , i.@ May 1957 360 mefm from these two isotopes,



Dege Rate dua to Fallout at Argonne National laboratory in prad/houwr

TABLE IT

 
 

 

 

1957 1958 _ 41959 / oo espe
Isotope Hay Jwiy Ostoper écrit duly Septe Mayen April May duns duly August

I-99Hb9? ielb «102316 1527 0.60 2,60 NoG 6.22 6.62 5.82 4.80

Cgl37 0.09 0.08 0.09 Ol Oob5 0,22 0.32 0.3) 0.36 0,37 0,38

Rut 0.15 O2° 9,15 O.2h 0,13 0,18 0.53 0,69 0.75 1,00 1,03

Ryl3 0035 Oli Oh9 0.27 0.07 0,17 6.69 O48 0,39 O25 O16

Cgltl 0.01 0.02 0,02 0,01 0,01 0,01 O13 O07 6.06 0.04 9,03

cell 0.04 0.08 0.0% 0.0 0.0 0.05 0.22 0.27 0,28 0,31 6.33

Total 1.78 19h 2,26 1.85 1,00 2.62 6.52 8,07 846 7.79 6.78 -

Natural Background = 11.12 prad/hour
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Calculated and Meagussd Gamma-Ray Boss Rate Cane Heter above Grourd
at Argonne National Laboratery April 1959

  

Calculated Measured

Therium 2.53 wrad/hour

Uranium 2,65

ge 2677

Coemic Radiation 3.17

Fallout 8.07 _

 

Total 19.19 prad/how 18.48 prad/hour



TABLE IV

integral Dosa for the Case in which Testing Stopped in Fall 1958

 

 

 

   

in mrad

Whole Body _ Bone

External Internal-Cg"?! Total Background Bons88
Tine Interval (A) (B) (G) {(D)

30 years 42 32 10 7 42-113 3750 02160

Moat probable Be, (1.4% )"*

70 yearg Se ho 10 116 UB2LTO S750 W372

Most probable S22 (0.7% !

t -

u

a

Assumption (4)

(8)
Shielding factor of S for all fission products

Shielding factor of S and woathsy factor of 2 for cys?

137
Ca beady burden proportional to fallout rate

og?! bedy burden preportionsl to accumulated fallout.

Percentage of background doga.



7 NY Ts ?

TABLE ¥

Probabis Values of Whole Hod 4

V
e
G ta a Jin Breads

 

Conditions 30-year Dose 7Qeyvear Dose

Tasts continve for #5 5
5 years veyond 1959 ait  ,’ 7 (2.38) (163%)

Tests continue oak cha
indefinitely (6,28) £6, 223

Natural Background 3750 8756

 

at
Percentage of Background Dose,
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