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FALZOUT DONCENTRATIONS OF 12 RADIONUCLIDES IN ATR:

1962 THROGH MID-19€L

Newly d=velsped ml+idimersioral gamma-ray spectrometrin
icus rect

courting fe~<bnicuss permit the direct measurement, of Tw=lve
faliosut rad%onu;%%ies or aingiltsﬁs. Observed :O:zsrfra:*
sions of Be!, NaZ, moo%, CoBU, 70, 2x9on9%, puttt, gspif
Stl‘«, Gs¢~', 2627 and Zel™ duri ng the past two and a Ha_f
years hel exp‘ain the origin ari fallout ratzs of the trace

The abzclute ard relative ~cnzentrations of all the varicus air-borrnes radic-
ruclides are of interest in studying their fallout rates and origin as well as
determining their availatility for urtake by man. The tracing of some of the
minor radionuclides in fallout as well as more precise measuremen®.: of the major
radionuclides kas recertly beer made rossible by use of multidimensional gamma-
ray spectrometric counti meﬁhods(l}. At the present time it is possible +o
make reascnably pr=«l:e measurements of the 12 radionuclides BeY, Na=? 5 th;)

' o an - . ) oy L
Ceéc, 239,Mb95’ 358, R?1065 St*‘h, 5"139, Csl3+, cst37 ard C‘sl“"lT by the direct

counting of an air filter =ample. Suzh measurements are especially valiuabtle
sinze they permit a direct comparison, cn the same sample, of the relaiive concen-

+ratzions of this large group of radionmucliides and thus rroride informa*icn orn both

+h=ir fallou* ra%ss 3nd origin. Thke

in

spechrometer system consists of a thres

th

crystal NaZ{TL) gamma-ray detecSor system in conjurction with a 1096 channel

itiparameter aralyzer, lLae mads=

V1]
£

of the individual gamma-ray dacay zkara:-

X

52ristic of eazs r3adionizlids for its iderntifica%ion and measuremen® by 20unting
+he sample netwazr 5w 4 Znch *h2-k by A inch diameter deveciors and canzellirg

these events whish sre zot Snally adsorted in tkese principal deteaticrs with a

<,
<3

antizoincidznzs anniluz2, Coinciderce counts are stored acczording to the two

photon erergies resporsi-le for *hs evept wnile cop-zoinciderce evarts are s*ored
in the normal manrer. An~iciinnidance zhielding for btackground r=duciion anid the

use of large, affii=ct dete-mcrz Zor viewing th2 zample in a nearlyv 47 arrangemers

/
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rrovides a very sensi®ivs a:z well as a selective arrangement. The radionuclides
22 L €0 B8 106 1zk iu 1Lk

Na=™", Co ", ¥ . Ru . 5777, C27 7 and Ce are uniquely measured from their
characteristic coin-idsnze gamma-ray spectra while the remaining radionuzlides
are meagured from their single photon gamma-ray spectra. The sel:ntive meazure-
ment of mono-gamma emitters is improvad by use of a difference spectra, obtained
from Two measursmerts taker 3 +c € weeks apart.

Air samplinggg} is presertly performed with a continuously opera*ing vacuum
pump which pulls air at 17C cfm through a 5 micron peore gize membrares filter,
These membrane filt=rs havz bzen shown to be essentially absolute fcr falliou*

€., The fii*erx are composited on a monthly or semimcnthly basis

~~

radionuclides

rressed into a «¢tandard geometry of 1/2 inch thick by 1 inch diameter and counted
on +“he mulwidimenszional gamma-rav spectrometer. The air sampling lccaticn was

at a peint 15 f+. abcve ihe ground, € miles north of Rickland, Washingtor. The
arnual precipitation ir this area iz only about 8 inchez ard i+ does nob accoun
for the major dszposition of fallout. The observed air conczen*rartions of the

twelve radionuclides heing s-udi=d are recorded in Figure 1. A more detailed

rresentation of owr work inczluding reasul*s from radiochemical measurements of

’
~

[

= . < - s - 3 - 13 s
other fallout radionuciiiez will be p.blished later: -/, Tre radicnu~lidss listed
in Figure 1 resulr from fissior and neutron activatior during a%tcmic %fests, and

) . : L . . 595
also from cosmic ray irmerac+icrs with the atmospherz. The radionuclides Zr ‘.,

ard Te*”" are fiszgion products ani presumakly *%is iz their

. N L. A0 . 120
main source in +h= a~mcerkave, M- ', T07-, £88, Sbte™ ard CsiS* are formed as

n
n

neutron az-ivatiorn prsducts dur:ing t=sting while Be' ard Na are rroduzed ~on-

tinuously in the a*mosihere Ty zcosmit ray interactions. The fallour rabtesz of

many of whs fiszion prod.c-: are measured from sampling locations “he world
() _ 4 - o ) . . o .

over:~/ and perhags *h=2lry main value in this report is fc ¢erre ags a bas= line

.
[»)

in comparing “he -omoertvations of lecs gvundapt radionuziides the a*tmosphere.
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The radionuciide ¥ LACE

S

was recently reporfted o be presen® on sampli=ss

.

of grasz collected in August 1562 near +he Euratom Nuzlzar Center a* Ispra,

Ttaly'”’e It wasz in the form of inscluble rarticles sontaining muchk larger amounts

i

A
N

g& = - . s - . oo
of Zr/'-Nbgf and sithough iwe gsouwrse was rot known it did rot ccocme from vhe Nuclear
Zenter and presumatly came from either nuzl=ar ¥ombs or an uncontrollied release
from a nuclear sstablishment., Our pfrezzent zhady has estatlished tha 288 is

present in world~wide fallout and was therefore rroduced during ths past atomic

test period,
ol

During 1962 =77 was dsiectatlz only ic our November sample. This was prcbably
due tc the fac* tha* during 1262 zmaller air velumes Were collected and alszo,
considerable dszay 2nourred befors the multidimensional spectrum measurements w=re
made in lats 19€3. ¥~ has been =aszilv measuratle during 1962 andi 1944, The
radiocpuclide Na was firss reported 40 be rresent in the atmeosthkers by Marg ez
in 1937 wto found 25 Zn raic was=r at Rio de Janeiro in a concentration of $.0L7
d/m/liser. Ins currant cconcentrasion in alr, foods and peorle iz being reported
by the authorshy'. . I% iz prodused naturally by cosmice-ray spallation of argon
, . . L \ . . . L. 2Ry 3 2z .
in ths afmo:ph=ers put &also r=szults from the reaction Na“~ (n,2rn}' Na duriog
i pchential valuz as a *tracer of atmosphsric zircu-~

.aticn nas teer r=ccgnized and recerily revorted measurements for this purpose

a

ty Bhandar:i ani Rama haves shown air <or.cen+wrahrions ranging from 1 d/m per

€ 3 . , £, 3
~ RN + s sy~ -~ == T v R = S - E = - A
1CT £17 below * 72 “roporauss 10 <60 1z per 107 47 aghove the 1ropopause, v I3
ce
evident. from Figurz 2 +hat *he Na ' comcentrations in alr were atou’ a factor of

o
&
il

-~ — 3 2 X -r'
prior %c nhe 194 stomic t2ghsz’ ‘e This suggests: wnat a large amncinn of Nas

i
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The Cslq% arpears %0 be produzsi ir nuclear detonations mainly by an r, v

. ~_ 12
reaction on s

e
- but 1s also produced directly by fission(9). The ratio of
134 137 o .
Cs to Cs™' during the past two and a half years did not show a pronounced drop
until this spring; however, our bioclogical studies(a) have shown that the ratio of

+these radionuclides in Alaskan caribou flesh dropped by a factor of 4 during the

period from just prior +o the las% test series (October 1661) through July 1963.
134

o

This =zuggests that a major infection of Cs into the atmosphere occurred prior

tc this last test series.

e . . Sk . 60 . 124 o+ 4 3ot 3 -
The radionuclides Mn” ', Co , and St are formed by neutron activatiocn of
60

+he cladding matsrial or other inert material in or near nuclear bombs. <O and

ch
Mn? " ' “> be present in the atmosphere in 1958 by Marquez, et al(lo’ll)

who found them in rain water collected between June 1957 and March 1958. Their
(4

~—

pressnce was attributed to thermonuclear t=sting. It has been recently reportad

- -
that a number cf activation produchts Zn2luding Mn/h, Fe35 and Sblzu were produced

in relatively high atundance in the high yield detonations carried out by the USSR
at Novaya Zemlys in the Fall of 1961. Thzse tests may be a major source of the

sk A0 s . A X
Mn-, Co-Y, Y88, S‘-:~l"2)+ and some of the other activation products whizh are included

The Be*' is preoduced by cosmis ray spallation reactions in the atmosphere and
. . . , (10}
its presence was Cirsw reportzd in the atmosphere by Arnold and Al-Salik in 1955‘\ 7/

whe crhemically separated i+t from rain watzsr samples. Measurements of its concen-

tration in <he a-mosphere at various altiftudes and latitudes have been reported(a’
“Ye In *his present chronclogi-zal study its concentration has Just been
observed during 196k, I% iz in%srezting to note that it has no% shown the large
Spring concentration increase typical of the fallout radionuclides. A longer

period of otservation will be required to detzrmine its fallout patiern relativs

to atomic weapons produczed radionuzlidese.
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It is extremely interesting and significant that the activation products Y
(105 4) and Sbl‘?}"L (60 d) are at concentrations this year which are comparable
with those one yesar ago while the fission product Zr95-Nb95(65 d) is about a
factor of 20 lower, Also, the fission product cst37 (30 Y) is at a concentration
comparable with last year's and the Ru106 (1 yr) and el {285 4) are at about half
their last year's concentrations. Since there have been no above ground atomic
detonations during 1963 and l96h(lu) all of these radionuclides entered the atmos-
phere prior to 1963 and their reservoir in the atmosphere has decreased with their
respective half-lives since that time. This points to an obvious difference in

88 L

the source of Y~ and Sbl2 relative to most of the Zr95Nb95, and the other fission

products and also allows one to estimate the rate of fallout of the radioactive

material which was generated at the time the Y88 and Sb124 were formed. A continu-

ation of these measurements is expected to establish any other differences in the

fallout rates and origin of the activation productse.

Re W, Perkins, J. M. Nielsen and C. W. Thomas
Hanford Laboratories

General Electric Company

Richland, Washington
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6 310
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RADIONUCLIDE COICENTRATIONS IN THE AIR
AT RICHLAND, WASHINGTON DURING 1962-1963

d/m per 109 scf
a2 ot 0o y88 9595 R 100 ek gle5 13k o 13T o Lk
11.9 1870 26.2 287 C00 27 600 2 550 7.8 2 730 53 500
41 .6 1690 83.3 349 000 L9 000 4 220 28.2 L 260 90 300
0.863 722  28.1 85 700 15 k0O 1490 2.87 .1 470 12 LOC
13.5 .3 520 26.2 59 ¢330 57 200 ! 1 900 20.3 L 430 86 10C
8,85 135 15.0 14 000 25 000 2 L70 10.4 3 900 L3 60C
15.8 2 310 13.9 113 000 3L 100 5 200 13.3 L sy40 58 80C
11.5 2180 17.3 33 200 25 900 3 620 12.2 3 710 43 00C
7.54 1 500 13.5 L 000 13 300 180 6.50 13810 20 50C
12.7 2 800 19.9 97 900 20 700 2 890 19.k 2 750 36 50C
4.8 1 260 10.6 70 L0O 11 300 1 170 10.7 1290 19 90C
5.8 1640 13.0 25.7 95 800 10 500 1 280 12.1 1 450 20 00C
3.97 1210 1l.3 89 700 8 090 996 3.28 1 030 19 20C
4L.33 1670 58.0 20.5 156 000 9 540 68 1 330 1l.2 1 490 22 50C
10.8 5 070 61.9 Lo.2 L436 000 32 200 399 L 30 2L.5 L 410 69 80C
10.4 3 200 324 20.9 188 000 19 Loo 202 5 810 10.4 2 610 38 LoC
L,96 2320 15.0 17.0 105 000 1L 200 Th 1 700 5.32 1 730 27 30C
12.1 L 060 28.8 34.4 158 000 26 900 201 2 900 9.44 3 030 45 20C
9.36 L 620 24.8 22.6 1Lk2 000 256 200 135 2920 8.53 2950 L5 70C
13.9 5 890 32.1 2k 145 020 33 900 159 3 2L0 10.2 5 130 55 L4OC
22.7 8550 Lk.1  35.4 202 020 45 700 159 5 350 13.7 5 080 75 TOC
27.8 10 900 56.5 L8.1L 18i4 GO0 53 LOO 145 6 380 19.5 6 550 90 00C
55.0 25 700 107 99.1 307 000 104 000 k22 12 300 L49.3 13 LOO 162 00C
21.3 9 190 L2.1 27.9 101 000 LS 900 125 5 100 16.7 5 010 59 LOC
27.8 13 500 58.6 53.4 134 COO 52 400 167 8 LoC 23.7 7 390 78 00C
34.0 2 100 5k.7 51.8 105 000 49 600 137 6 450 21.6 5 990 60 50C
39.5 12500 59.9 67.0 1056 000 60 500 185 6 890 23.6 6 910 86 00C
39.5 11 900 52.3 T77.2 92 L0O 56 300 169 7 160 33.3 6 980 85 00C
2L .7 € 050 35.6 57.8 56 900 39 100 110 Ik 820 15.h4 5 030 56 20C
164 530 25.0 Wik 36 100 27 500 99 3 940 17.6 3 820 LO 60C
15.2 L 890 T7.2 45.7 33 100 25 200 8l L 540 1i.3 3 820 27 700
17.9 3 700 38.1 4h.1 21 200 23 L0O 97 2 620 13.1 3 010 33 600
5.30 185 10.1 18.2 9 690 11 000 30 1 480 GS.57 1 62¢ 16 500
5.463 1 730 7.94% 16.9 7 830 9 480 33 1 40 2k.5 2 060 12 800
5.7 2190 1l.hk 23.b 9 240 12 400 52 1 620 10.2 2 170 16 300
5.5 963 6.24 12.6 2 620 7 360 34 757 6.64 1 030 9 150
5.c2 1 490 6.88 17.5 5 130 8 090 38 158 9.2 1 700 9 810
3.42 794 11.8 8.73 3 230 5 690 29 679 6.1l 870 7 030
L.01 866 4,83 9.31 2 U450 5 940 26 854 L4.91 1 020 7 080
9.61 2170 13.6 25.k4 5 690 14 800 13 2 320 1l.5 2 620 18 000
9.4,8 1 840 38.9 20.0 L 460 11 800 67 1780 9.69 2 140 16 300
T.21 1 330 9.,64 16.1 3 210 10 100 61 1320 2.70 1570 12 500
11.6 1970 1k.7 25.3 4 360 14 700 88 2 070 15.1 2 640 18 800
13.0 1630 27.2 2k4.0 3 270 14 300 79 1780 T7.23 2250 17 000
14.0 2 190 20.2 34.3 19 800 109 10.6 23 700
19.4 3 boo 2k k0.9 24 200 124 5470 29 T00
3L4.2 5130 136 52.3 28 800 179 15.0 L2 800

* (-1y small samples were available and the Na22 and Csl3h values give
ci magnitude. .

£ and B sionifv avporoximately the Lirst
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only the order
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