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INTRODUCTION

We have detected the presence of 0060 in the atmosphere as it

comes down with raln water, Its concentration is high enough so that
we have been able to measure it fairly accurately., This is the third
radiolsotope near iron that has been found in rain water, the others,
co®? and Mnsj'L were found by MARQUEZ, COSTA and ALMEIDA (1958).. For

60 must

reasons to be discussed at the end of this paper, this Co
come from thermonuclear tests and possibly from tests of the so call=
ed "cobalt bomb" or "hydrogen=cobslt bomb".

EXPERIMENTAL METHOD

The rains that fell on the roof of our laboratory from June

1) T?;E WOrk wes done under the suspices of the Conselho nacionel de Peaquisas
of Brazil.

s ) Submitted for publicetion to An. Acad. Brasil Ci.
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1957 until March 1958 were collected in several tanks of 1000 liter ca-
pacity and processed in several hotches., The chemical procedure  for
processing was as follows:

For every 1000 liters of wakter, Z0 mg of Co carivier were added
- -d the water stirrad thoroughly. Thr vnin waber was passed through
¢ -ation exchane: zolumn of 10cm diamebter and 80cm high,filie. with
Amberiite IR-120 in the acid form., The cations were retalned and the
column was regenerated with 4 N HC1,

The i N HC1 contained the Co and many inert lmpurities as well
as radioactive impurities fram other isotopes present in the rainwater.
It was evaporated to a small volume,it was made basic with an excess
of NHhOH9 and Hzﬁ gas was passed through it. The precipitate was filtex
ed, washed and dissolved in agua regia,the HNO3 of the aqua regla was
destroyed by repeated boiling with HC1 and then it was taken to dryness
and kept for one hour at 120°C to dehydrate the silica. The residue was
dissolved in HC1l,diluted with water,filtered, and washed with dilute HCl
The total amount of HC1 used was measured ani the solution was made 1N inICl,

At this point; carfiers were added of the elements La, Sr,Ba,Pb,
Zr, Bi, Sb, Cu, Se, Te,Fe and Mn. The amount of carrier added was from
10 to 30 mg,according to the amount needed to make a good scavenging.
The solution was saturated with oxalic acid, to precipitate the la,
NaZ§0b|also was added to precipitate the Pb, Ba and Sr. The precipita-
tes were allowed to settle, filtered and washed,

The oxalic acid in the filtrate was completely destroyed by bol
ling with HH03 and then the solution was evaporated to a small volume.
After adling Hzﬁoh, 1t was heated to white fumes to eliminate the
HNOz.  The solution was allowed to cool, diluted to 10% in H,S0;
and the Zr precipitated with NaHaPOhe The precipitate was allowed to
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settle, filtered and washed.

The Tiltrate was neutralized with NHAOH and HCl was sdded to
make it 0.3 N in HT1. Has was passed to the hot solution to precipi-
tate the kulphides. These were filtered and washed.

The filtrate was boiled to eliminate the HES and bromine water
was added and boiled, It was neutralized with NaOH and ar excess was
-added to make 1t 2 N in NaOH, The precipltate was flltered and washed.
It was dissolved in Hc;, taken to dryness and dissolved in a mixture

of 3 ml of HC1l and 100 ml of H_O.

2
The solution was passed through a cation exchange column to re-
tain the cations and eliminate the amions. The column was washed
with a very dilute solution of HC1l and the washings rejected., The
column wes regenerated with L N1H01 which contained the Co and other
metals,
The )} N HCl solution was evaporated to a small volume, neutrali-
zed wlthyNaOH and an excess was added to make it 2 N in NaOH., -The
precipitate was flltered and washed. It was dlssolved in HNO3 and the

Mn02 was preclpitated by boiling it with KC10 The MnO2 precipitate

3
was centrifuged and washed. _

The supernatant together with the washings were neutrallized
with NaOH, An excess was added to make 1t 2 N in NaOH, The precipi-
tate was filtered and washed, It was then dissolved in HCl.

The HCl solution was treated wlith an excess of NHuOH to pre-
cipitate the hydroxides and complex the Co, The precipitate was fil-
tered and washed, The hydroxides were redissolved in HCl and re-
preclipitated with an excess of NHuOH three times, All the filtrates
were evaporated to dryness. The residue was dlissolved in a mixture

of 1 part of HCl and l parts of HNO, and boiled to destroy ammonium

3
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salts, When all the ammonium szlts were destroved as Indicated by
a test with Nessler's reagent, the solution was evaporated to a
small volume, boiled with HCl to eliminate the nitric acid and then
1% was taken to dryness.,

The residue was dissolved in 5 ml of HCL and diluted to 200 ml
srid the Co wns precipltated with a (reshly prepared solutisn of 1-Nl-
vo.so~2=Naftol in acetic acid, The precipltate was allowed to settle,
filtered, washed, dried, incinerated in a crucible and weighed as
C°30u° This weight served to determine the chemical yield.

All the washings were done according to the standard prescrip=-

tions of Analytical Chemistry.
RESULTS AND DISCUSSION

The procedure described previously was applied to many rains
that fell from June 1957 to March 1958, All the {3030LL was transfer-
red to a small test tube. After correcting for chemical yield, 1t re-
presented the amount of Co in 12,100 liters of rain water. The actval
amount of water processed was 29,200 liters, so that the average
chemical yield was }l.5 %.

The sample was counted with a well crystal scintillation spec-
trometer described previously by MAIJULZ, COSTA and ALMiIDA (1957).
wWe deterrmined the line shape and the efficlency of the gamma rays in
the region of interest uslng the gamms ray of KHO that has an energy

. ) . 50
of 1.046 Yev, and a stasndard source of CoO(. The spectrum given by the
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n is shown in Migure 1. The spectrum'of the standard Co from the

rain water is shown in Figure 3. As can be seen from the mere in-
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spection of the figures, the activity of the Co from the rain
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water corresponds unmistakeably to Co o The sm=1]1 difference be~
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tween the shape of the Spedtra in Figure 2 and Figzure 3 comes from
counting the standard Co®® outside the crystal and the sample inside
the well. The energy measurement of the two peaks st 1,17 Mev and at
1,33 Mev do fit well too,

The activitlies at the two peaks were 2., cpm in the high energy
one and 2.9 cpm in the low energy peak. The efficiency of the K gamme
ray was.determined at the peak as 2.07 %, From this we calculete for
the 0060 peaks the efficiencies of 2.9 % and 4.0 % 2nd get an absolute
activity of B3 and 73 dpm for the two peaks. We estimated a welght of
two for the first value and this gives an average activity of 80 dpm.
The corresponding average activity in each liter of rein water is
0,0066 dpm/1iter.

The yield of 0060 is comparabie with the one found for 0057 and
for Mns_)+ as reported by ﬁABQUEZ, COSTA and ALMEIDA (1$58). All the
indications are that those radicisotopes in the neighborhood of iron
are produced in nuclear tests of thermonuclear resctions. In fsct,
Mnsu was found in the fall out in the Northern Hemisphere by SHIPMAN,
SIMONE and WEISS (1957), and they attributed it definitely to a ther-
monuclear test. However the two previous isotopes were formed acci-
dentally in the test by reactions such as Fe56(d,n)Co57 and
Fegu(n,p}Mnsu, The Co60 could be formed accidentally only by nuclear

reactions of neutrons on Wi such as Niéo(n,p)Cobo, or else it is

Tormed in the so called "cobalt bomb” by the resction C059(n, gamma )

Cobo.

In conclusion, we have determined and measured the amount of
£0®0 In rain water and it is 0.0066 dpm/liter. We have very strong
evidence that this 0060 comes from thermonuclear tests, There are

ohly two possible origins for this 0060 , either the shell of the
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bomb contained large amounts of Ni, or the Co  comes from the tast

of one or more "cobalt bombs®.
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