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

By TOI\U]ARO HAGIWARA, SHUJI MORITA
and S,xmu Kosavashi.

(Abstrad)

The natural radioactivity of different soils and related 10cks were measured by means of
a thin. walled Geiger-'\Iiillef counter. The samples measured were. various Linds of residual
soils gathered at different geo]omml districts, and several rocks confaining a quantlty of potaqsmm
as one of their chemical components. They bc]onfr to granitic soil, basaltic soil, \olcamc ash
soil; tertiary soil, Chiehibee palaeozoic soil; -ete. and vhucomte, ahumte, liparite; -etc:

The f#-ray counter for the present actual use consisted of a closed thin wall cylinder of
duralmin with polished interior, about 1/10 »in thick, 15 mm in diameter, 25.mm in effective
length, in which a fine wire of tungsten. was stretched.along its axial direction‘ with ‘the aid of
highly insulating end pieces. Such an ionization chamber was filled with dry air at a pressure
of about 8.cm Hg, the duralmin- cylinder itself being maintained at a high negative potential,
~1200V with: ‘r&pecl to the ion-collecting wire. The:thin cylindrical ‘wall of “this .ionization
chamber forming the window, through which f-rays enter, had a total effective area of 12.em®.
It: was surrounded with a thin double-walled cellophane cylmder of which the annular space was
tilled to 2 o thchnus with the fine powdered sample. The ionization pulses in the enclosed
air between the electrodes, caused by the radiations from the radioactive samplé, were collected
upon the strcfched‘\‘v%vre and fed on to a first grid of the vacuum tube arﬁﬁliﬁer’ of double
stages, through' which the frequency of -these:amplified impulses was counted. Such countings
aflforded a simple means of: comparing the radioactivity of the: various saml;)les mounted in
place. The operating condition of our counting apparatus here used was sucp ;hat the back-
ground count due to mainly cosmic radiation gave rise to about 7—8 per m‘inute under the
perfect shielding of the apparatus; and. tests with finepowdered potassium. chl,?ride in the con-
tainers gave the average number ©f impuises, 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 manifest the remarkable radioactivity and its
measured intensities appear to have a direct relationship to the chgmiéal contents of potassinm
in the samples. Ilence, the greater part of the matural radioactivity of the 'soils detected in
the present experiments must be ascribed to f- and r-rays emitted from the atomic nuclei of
an unstable rarer natural isotope ,, K" contained in the soils.

Tn order to ascertain such an assumption, the authors attempted furtheri to measure the

corresponding radioactivity for a series of homogeneous mixtures obtained by adding increasing
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quantities of potassium oxalate into a definite quantity of a soil. The results thus obtained
show that there holds a linear relation between the coucentration of the potassium and the
comresponding radioactivity over-the range of falrly h:gh contents of potassium.. In a very low
range of the potassium éontent, ‘however, such ‘a linear relation tends to- alter fo one with some
concaved curvature with respect. to the - concenttatlon-axls. The numerical evaluation for a
residual radioactivity co:respondmg to zero potassmm 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 ;3 K* of pofassium itself originally. contained.in -the
natuml samples.r Consequently, in the case when a strong radioactive substance such as radium
is absent or present only in a sllght trace, it may be expected that the potaslum contents can
be apprommtely predlcted from the md10'1ct|vnv-me%urements hy smularl) c\tmpohtmg the
empirical correlatlonshlp between the activity and the ‘potassium contentration to a point, at
which the activity vanishes. Moreover, if the radioactivity - due to ;,K** alone in the sample
is only a small fraction of the total radioactivity measured, it could be inferred from the
quantitative measurement3 as just described that there cocxist some other strong -radioactive
substances in the sample in question and even a further information about them may be
derived. ) '

Of the'samples here‘studied in some Cetails,*the soil of - C-horizon ' (basaltic soil, K,O0=
0.42%5) gathered at the neighbourhood of the citrus ‘garden in Muramafsu-mura, Nagasaki
Prefecture and the similar soil (granitic soil, K,0=2.03%) in Nakarie-mwre, Oita Prefecture,
it is concluded that they have the radioactivity to be.regarded almost as that of the natural
radioactive polassium éontafned, Howcver, it appears that a sort of radioactivity due to some
other strong radioactive elements is possible 10 beA‘rl‘(:tcct‘e(l for some cases of the acidic rock

soil such as in the granitic soil.

The Departbzent of DPhysical Chemisty,
Chemical Institute, Kyoto Imperial University. (Received Aug. 13, 1943)
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