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1. 

It is thought that the radon content of hot springs near 
geological faults may be an indicator of incipient movement on 
such faults, i.e., earthquakes (Scholz et al. 1973)). As a 
preliminary effort, advantage was taken of a survey of the 
South Island hot springs by various Chemistry Division personnel 
to sample most of the springs for radon. Difficulties were 
encountered in the analysis, but since there appears to be no 
previous record of determinations of a similar nature, and 
since many of the springs are quite difficult of access, these 
figures are recorded. 

Before the field trip started, the only radon estimation 
in use here was based on that of Kerr et al. (1962) as 
modified by Gregory (pers. comm. 1975)» The method relies on 
the fast chemical isolation of Bi-214 a daughter product of 
radon, and counting it in a gas-flow proportional counter. 
The adsorption of daughter prelucts on the walls of the 
container, etc., is prevented by the addition of carriers of 
lead and bismuth. It was realised, too late, that this would 
cause complications with the waters of hot springs. 

To a series of nominal 2.5 1 glass containers was added 
50 mg of Bi and 100 mg of Pb as nitrates, at pH 2.5 (final pH 
after addition of water to full volume). The water from the 
appropriate spring was added to these and the top screwed back 
on securely. The inside of the tops was coated with aluminium 
foil to prevent adsorption of radon on plastic (which is 
fairly efficient). 

The samples were returned to the laboratory after an 
interval of several weeks. It was noticed immediately that 
some of the samples contained precipitates of PbS; others 
contained white precipitates. This rendered the succeeding 
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chemistry difficult. The usual method relies on having the 
carriers still in solution and selectively precipitating the 
bismuth as the salt of n-propyl-gallate at pH 2, which was not 
obviously possible in this case. The problem partly arises 
from the fact that an indeterminate amount of the Bi—21k is 
produced within the PbS precipitate which must therefore be 
dissolved. The fact that the lead carrier is no longer present 
in large amounts in the solution may also havj upset the 
assumption that radon in the solution is in equilibrium with 
the daughter products found in the solution. 

Some samples contained a white precipitate which on 
examination by (X,X*) spectrometry proved to contain nothing 
but bismuth. The water was high in chloride and the 
precipitate is BiOCl. This was seen for samples from Vaiho 
River, Wanganui ferry bridge, and the upper Vanganui spring. 
Calculation showed that the weight of precipitate recovered 
was close to theoretical. This was therefore counted, as for 
the normal precipitate, but the remnant solution was treated 
with fresh Bi carrier to determine the amount of activity 
contained in it, which was substantial. 

Those samples with a precipitate of PbS were filtered and 
an effort made to remove HgS in the filtrate without removing 
radon. This proved surprisingly difficult. Heating to about 
90 is essential, and this is not satisfactory, because radon 
will be lost also at an indeterminate rate. This would not 
normally matter, but the difficulty here is that the large 
volumes of water involved makes the heating rate very sli. w. 
This means there is very substantial decay of the Bi-21'» 
daughter product, decreasing the sensitivity of the analysis. 
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An alternative method was tried. 125 ml of 100 volume 
AR HpO was added to the solution in an attempt to oxidise the 
H„S. It was fouid that allowing the mixture to stand was not 
satisfactory, and gentle heating was employed, which in some 
cases needed to be prolonged to as much as 80 . Even so, the 
results were variable. Addition of fresh carriers at that 
point, sometimes resulted in various precipitates, which were 
generally collected and counted depending on their nature. 
If further sulphide precipitates were formed, these were also 
counted and the Pb-2l4 present, taken as a measure of the 
radon content. However, in the case of Maruia water, a 
BiOCl precipitate formed instead. 

The initial black precipitate of PbS (with Bi_S_) was 
treated with concentrated nitric acid to dissolve it, but in 
some cases this gave an insoluble white residue which once 
more appears to be insoluble bismuth oxy-salts. These were 
separately counted. The dissolved precipitate was generally 
added back to the bulk of the solution from which the H-S had 
been removed. This was not always satisfactory, in some cases 
a fresh precipitate of a different nature formed. In some 
cases, the standard n-propyl-gallr; te method could be used, 
however* 

The chemical separation of Bi-21*» depends on speed, 
because the half-life of this isotope is about 20 minutes. In 
the case of che various conditions encountered above, it was 
necessary to mak^ rapid, on-the-spot decisions about the 
various unexpected conditions encountered, which were not 
always correct ones. The results reported below arc hence to 
be regarded with reservations. 

The counts obtained in the Widobota instrument are 
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corrected back to the time of precipitation in the laboratory, 
and further corrected to allow for the lag in time between 
collection and arrival of the partially decayed radon (half-
life 3«6 days) in the laboratory. Usual corrections are made 
for the yields of t^e various precipitates. 

Standardisation was carried out by measuring the amount 
of radon in a solution containing a known amount of radium, 
in known equilibrium with radon. The radium solution was not 
a primary standard, but was calibrated by comparison in 
identical geometry with a primary standard, using a Ge(Li) 
spectrometer and comparing the heights of the 186 keV peak. 

Results are as follows: 
Hurunui 1830 + 110 pCi l" 
Hanmer 1200 ± 95 pCi l" 
Cow Stream 830 ± 89 pCi l" 
Lewis Pass 5^0 H» 125 pCi l" 
Maruia 395 ± 57 pCi 1* 
Haupiri 980 ± 300 pCi l" 
Wanganui 137 ± 16 pCi 1" 

(upper) 
Wanganui 380 •. 27 pCi V 

(lower) 
Waiho 350 i 23 pCi l' 

These results can be compared with those of Belin (1959)» 
He obtained values for North Island geothermal springs ranging 
from 800 to 320,000 pCi l" . These figures are low in 
comparison. 

In future, it is recommended that this method not be 
used, but rather one based on liquid scintillation, with a trap 
to remove such gases as H„S. No carriers would be necessary 
for this method, since rnrlon itself is measured (Darrall et al. 
(1973)). 
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