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INTRODUCTION
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It has been suggested by Craig  and by Begemann and Libby~ that
a large fraction of the natural tritium found in the atmosphere and
the surface of the earth comes from the sun. They have made this
suggestion because they calculate with certain assumptions the rate
of production of tritium from the tritium concentration in hydrogen,
and this rate turns out to be greater than the rate calculated from
cosmic ray fluxes and production cross sections.

These suthors do not mention how this tritium i1s produced and
how 1t comes from the sun to the earth. lkvidently, these two ques-

tions are very difficult to answer from our lack of information
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about thb detailed processes 1nvdlved.' We:will,mentinn,_how@vgr,
certain concluBions that can be fdrawn from the suggestion that tri-
tium comes from the sun, Some of these conclusions are almost cer-
tain and some'abe only possible.
_Since the half life of tritium 1 12,26 yr, it 13 almost certain
that the teitium is formed om the surface of the sin op near it,

Sinee the temperature in the surface of tha ‘sun is about one
electron volt, it is almost certain that thistritium is not formed
continuously,~pu$51t.is formgd,in,eutbursts of"actiyitypsuch as solar
flares: In those outbursts of activity, thewlchl-tamperature should
reach the Kev region to have sn appreciable formation of tritium,

It 1s almost certaln that tritium would be formed by the reaction
He3(n,p)£gfby'£he régctibn.dfa;p)t,~cr'boﬁh‘of themu The neutrons
for the first reaction would'céme from reactions such as 013(q:,n)016

or Neal( o ,‘n)Mgzu'e; |
It 1s possible that in the outbursts that produce tritium the
local teﬁperature reaches the Mev reglon, and in this case the reac-
tions (p,}) and (p,n) wouid be prominent in the light and medium nu-
clel, o | ,

It is possible.that the mechenism that~hrin39'the*fritium from
the sun to the earth, could. bring also heavier nuclel, |

We thought then that it would be worth while to see if one
" could find another radicisotope.in the: atmosphare which ‘might come
..from the - Bﬂna Examining 'thé gitudation, bne can see that for that
purpose 6057 haa a privileged.positiono It can be: formed by the re-
action Fe;é(p })0057 - 8ince Fe56 is at least twenty times more
abundant then any other stable ‘1sotope in the iron peak, we would

expect the same ratioxin the yield of . 0057 and neighborihg isotopea
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formed by the same reaction, 0057 has a half life of 267 d; the
mean life in the stratosphere for a radioisotope before being wash-
ed down by tropospheric rains 1s about ten years, so we expect that
about 10 % of the 0057 will come down with the rain. 0057 has a mass
number greater than [0 and can not be masked by the_SPallation pro-
ducts of atmospheric argon,

We looked for Co®! in the rain water and found it. Since there
has been latély many nuclear tests in the atmbsphere, we looked for
other rediolsotopes in the neighborhood of 0057 and found Mnsu and

c060

in yield comparable to the yield of C057o From this last fact
we have been led to conclude that these radioisotopes come from nu-
clear tests In the earth. MnsLL has been identified recently as a fall
out product in the Northern Hemisphere3° Although we started this
work with a different purpose, the only positive conclusion.is that
there are many radiolsotopes in the atmosphere produced in thermo-
nuclear tests.
EXPERTMENTAL METHCD

The rain water that fell in an area of 200 m2 was sent
through channels and pipes into tanks. In the earlier experiments
we used tanks of 1000 liters, now we are using a tank of 4500 liters.
For-every 1000 liters of water we put 20 mg of Co, Mn and Fe, The
water was stirred and after settling 1t was passed through a large
cation exchange column full with Amberlite~IR-120 in the acid form.
The column was eluted with 4 N HC1l and this evaporated to a small
volume,
The detaliled chemicanl procedure has been described‘elsewhereuo

It will be outlined here., Silica was separated., Scavenging was

done of zirconium phosphate; lanthanum oxalate; lead, strontium
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and barium sulphate; bismuth, entimony, selenium; tellurium and cop=-
per sulphide in 0.3 N HCl solutiong and iron and aluminum hydroxides.
Tndesirable anlons were eliminated by retalning the cations in a
smaller ion exchange éolumn and washing it. The Mn was precipitated
as MnO, from HNO, solution with KC1l0

2 3 3
chemical yleld. The Co was precipitated with l-Nitroso=-2-Nsftol, Iin-

and welghed to determine 1its

clnerated to CCBOh and weighed to determine 1ts echemical yleld,

The final products were transferred to a small test tube and
counted in a well crystal scinitllation 8pectrometer,"‘° The energy
scale of the spectrometer and 1ts efficlency at each energy were cali-

060

brated using sources of Th?Bu, Naza,_¢ and Kuo.

57

The spectrum of Co showed a single line with an energy of 125
Kev, It was counted with an efficiency of 65 %, Some early data of
0057 were reported already5° All the results £hat we have until now
are shown in TABLE I. The average activity from these results 1s
0,0145 dpm/liter, |

The spectrum of MnSh showed & 1line with its energy of 840 Kev,
It was counted with an efficiency of 2.4 %. The results are shown
in TABLE II. The avefaga activity for Mngu from these results 1s
0,0625 dpm/1iter. '

Finally all the samples of Co shown in TABLE I were placed in
a single test tube and counted, It was not possible to detect 0056

58, but it was found that thére was 00600 It showed its spec~

trum with peaks at 1.17 Mev and 1,33 Mev, The activity of 0060 cor=-

or Co

responds to an average activity of 0.0066 dpm/liter,
DISCUSSION

The average yield of 0057 is 0.23 times the average yield of
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Mn5u° If they were of solar origin and formed by (P’Y) we would ex-

oect the ratio 0057/Mn5u to be equal-to the ratio of the abundances

6

of Fe56/0r53 and this is 55 from the result of Goldberg ., Since 1t

has been found that 1\‘In5)‘L is a fall out product3, we are led to con-
clude that the bulk of 0057 comes from thermonuclear tests too. The
ratio Cos'f/'lﬂnslL changes very little with time since they have almost

the same half life,

The most likely reactions leading to the formation of 0057 in

nuclear tests are Fesé(d,n) co?’ and Fe57(p,n)0057=
The most likely reactions leading to the formation of Mnsu are

Fesu(n,p)Mnsu and Cr53(d,n)Mn5hc

The most likely reactions leading te the formation of 0060 in

60 60 60

nuclear tests are Cosg(n,y) Co 7, Niéo(n,p)Co and Fe58(t,n)Co .

We can compare the results of this work with the activities
found by us for cst37 and sr?Y, They are 0.69 dpm/liter and 0.49
dpm/liter reSpectively7a We see that the activities reported in this
work are from one to two orders of magnitude smaller than the activi-

ties of these fission products.
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TABLE I

Date of Amount of rain Absolute specific
rain water in liters activity in dpm/liter
June 1957 8500 0,016
“zptember 1957 3500 0,014
October 1957 3000 0,040
December 1957 7500 0,011
February 1958 3500 0,007
March 1958 3200 0,003
TABLE I
Date of Amount of rain Absolute specific
rain water in liters activity in dpm/liter

December i957
February 1958
March 1958

7500
3500
3200

0,075
0.048
0,050




