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ON THE MEASUREMENT OF-THE RADIOACTIVITY
OF SOILS BY A GEIGER-MULLER COUNTER.

By TOI\UJARO HAGIWARA, SHUJI Momm
and Saimzr Kommsm.

(A,]J,strat:t)

The natural radioactivity of dilfcrent soils and related 10cks were measured by means of
a thin walled Geiger-Miller counter. The samples measured were various kinds of‘ residual
soils gathered at different geological districts, and several racks confaining a quantity of polasstum
as one of their chemical components. They hclonrr to granitic soil, basaltic soil, voleanic aSh

soil, tertiary soil, Chichibu palaeozoic soil. etc. and glauconite, alaunite, liparite, etc.

The f§-ray counter for the present actual use consisted of a closed thin wall cylinder of
duralmm with polished interior, about 1/10 nun thiek, 15 mm in diameter, 25 mm in effective
length, in which a fine wire of Lungslen. was stretched_along its axial direction with the aid of
highly insulating end pieces. Such an ionization chamber was filled with dry air at a2 pressure
of about 8cm Hg, the duralmin cylinder itsell being maimtainedt at a high negative- potential,
~1200V with' respect to the ion-collecting wire,  The-ilin"¢ylindrical wall of this ionization
chamber forming the window, through which #-rays enter, had a total eflective area of 12 em®,
It was surrounded with a thin double-wailed cellophane cylinder. of which the annular space was
fillec to 2 nom tfaicg?mw with the fine powdered sample. The ionization pulkses in the enclosed
air between the electrodes, caused by the radiations from the radicactive sample, were collected
dpon the stretched wire and fed on to a first. grid ‘of the vacuum tube amplifier of double
stages, through' which the [requency of -these:amplified impulses was counted. Such: countings
afforded a simple means of: comparing the radicactivity of the: various samples mounted in
place. The operating condition of our counting apparatus here used was suc]1 that the back-
cround count due to mainly cosmic radiation gave rise to about 7—8 per minute under the
perfect shiekling of the apparatus, and tests with fine-powdered  polassium chloride in the con-
tainers gave the average number f impulses, 100 per minute over and alove the background.

From the experimental evidence resulting by employing such a counter. it was found that
almost all of the soils and the powdered rocks munifest the remarkable radicactivity and its
measurerd intensities appear to have a direct relationship to the chemical contents of potassium
in the sampies. [lence, the greater part of the natural radioactivity of the soils detected in
the present experiments must be ascribed to f- and 7-rays emitted from the atomic nuclei of
an unstable rarer nalumal isotope |3 K" contained in the soils.

Tn order to ascertain such an assumption, the authors atiempted further to measure the
corresponding radioactivity for a series of homogencous mixtures obtained by adding increasing
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fuantities of potassium oxalate into a definite quantity of 2 soil. The results thus obtained
show that there holds a linear relation between the concentration of the potassium and the
comesponding radicactivity over-the range of fairly-high contents of potassium.. In a very low
range of the potassium content, however, such a linear relation tends to-alter fo one with some
concaved cuivature with respect to the concentiation-axis; The numerical evaluation for a
residual radioactivity corre;pcé;acling to zero potass:lum content in the original soil could be easily
performed by the graphical extrapolation of the above empirical relation between the activity
and the potassium content. It leads to a conclusion that most of the radicactivity detected for
various soils is due to the unstable isotope ,; K** of potassivm itself originally. contained in.the
natuml samples. Ccmsequently, in the case when a strong radioactive substance such as radium
is absent or present only in a slight trace. it may be expected that the potass:um contents can
be appm\umteiy predlcted from the nrhmctwntv-meqsurements hy smnlarly c\taapohnng the
empirical correlationship between the activity and the polassium coicentration o a point, at
which the activity vanishes. Moreover, if the radioactivity due to 3K aléne in the sample
is only a small fraction of the total radioactivily measured, it could be inferred from the
quantitative measurement? as just described that there coexist some other strong .madioactive
substances in the sample m question and even a farther information about them may be
derived. '

of ‘tHe"samp!es here''studied in some tetails, the soil of C-herizon ' (basaltic soil, K,O=
0.4225) mathered at the neighbourhood of the citrus ‘oarden in Muramatsu-mura, Nagasaki
Prefecture and the similar soil (granitic soil, K,0=2.08%) in Nakarie-mre, Oita Trefecture,
it is concluded that they have the radicactivity to be.regarded almost as that of the natural
radivaciive pofavetion contained, However, it appcars that a sort of radicacivity due to some
other strang radioactive elements is possible 10 be rl.utccl_ed for some cases of the aeidie roek
sot{ such as in Lthe granitic soil. ‘

The Department of Physical Chemisty,
Clemical Instihde, Kyolo Imperial University. (Recelved Aug. 13, 1943)




