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ABSTRACT

Simultaneous, direct measurements of the radon and thoron contents in the air near
the ground have been made, using apparatus adapted from those of Norinder et al.
(1952) and Israel (1964). Data of the diurnal variations and the vertical distributions
of radon and thoron are presented. According to measurements the vertical gradients
of radon and thoron are greatest near the ground surface at night. The ratios between
the concentrations of thoron and radon vary on an average from 0.1 to about 3.0 in the
layer up to the height 3 m above the ground surface. Fourier analyses are made of
variations with time of radon and thoron concentrations. For radon a few harmonics
represent the diurnal wave. For thoron, however, several harmonics are needed.

Introduction

Radon and thoron are produced in the soil
and transported into the atmosphere by turbu-
lent transfer (Israel, 1962). There have been
numerous researches into the relation between
radon and thoron concentrations and the
turbulent diffusiveness of the air (Schmidt,
1926; Jacobi & Andre, 1963; Crozier & Biles,
1966; Fontan et al., 1966; Israel et al., 1966;
Malakhov et al., 1966; Hosler, 1969; Druilhet
et al., 1971; Ikebe & Shimo, 1972; Cohen et al.,
1972 and others).

The diurnal variations of radon concentra-
tions in the atmospheric boundary layer are
extensively documented.

Studies of the diurnal variations of thoron
concentrations are, however, more scarce
(Fontan et al., 1966; Israel, 1966; Druilhet
et al., 1971 and others).

Direct measurements of the thoron con-
centrations in the atmosphere were impossible
until some years ago (Fontan et al.,, 1962a,
1962b; Israel, 1964). Measurements of the
thoron content in soil air are presented several
years ago (Norinder et al., 1952).

The concentrations of radon, thoron and
their decay products vary differently according
to the time since their formation is due to
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different decay constants. Their use as tracers
for studies of certain problems of atmospheric
physics increases if radon, thoron and their decay
products are measured simultaneously.

After 1969 radon, thoron and their decay
products were measured in the atmospheric
surface layer at Marsta Observatory. In pre-
vious papers, Israelsson et al. (1972a), (19725)
the natural «- and g-activity of the air near the
ground are treated. The present paper deals
with simultaneous measurements of the radon
and thoron econcentrations. The apparatus
used here is ionization chambers with special
electronic equipments.

The present study is part of a program for
investigating the atmospheric electricity and
radioactivity in the atmospheric boundary
layer at Marsta Observatory.

Method of measuring the concentrations
of radon and thoron

The concentration of radon and its daughter
products is generally measured after having
been concentrated by absorption or filtering from
a fixed volume of air. Due to difficulties of
measuring the thoron content of the atmosphere
in general the thoron content is computed from
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Fig. 1. Arrangement of the equipment for measuring of radon and thoron.

the content of ThB assuming equilibrium
between Tn and ThB.

Direct measurements of the radon and
thoron concentrations in the soil air are made
by Norinder et al. (1952). A direct ionmetirc
method was used for measuring the content of
emanation.

Fontan et al. (1962a, 1962b) developed a
method to measure the thoron concentration in
the atmosphere, using an indirect method of
enrichment, i.e. by collecting the ThB set
free by the decay of thoron in a known volume
of air.

In order to measure radon and thoron con-
centrations in the atmosphere continuously
with a high time resolution aspirating ioniza-
tion chambers were used (Israel, 1964, 1966).

Later the method described by Israel (1964)
was used by Crozier & Biles (1966), Ikebe &
Shimo (1972), Israelsson et al. (1972a) and
others.

Measurements of natural radioactivity (No-
rinder et al., 1952) give for Uppsala a radon
content some 10 times the normal values
generally given in the literature. A high

radon content in Uppsala makes it possible
to make simultaneous measurements of both
radon and thoron in the air near the ground.
The method used by us is in principle according
to methods described by Norinder et al. (1952),
Israel (1964) and Israel & Israel (1966). The
measuring method used by us allowing the re-
cording of radon and thoron contents of the
atmosphere as well as the radon and thoron
contents in the soil air. From the radon profiles
below the ground surface the exhalation rates
of radon ean be determined.

The mathematical theories for the ionization
processes are given by Evans (1955). When
radon and thoron are introduced into an
ionization chamber the disintegration of thoron
causes a rapid decrease of the ionization current.
After that we obtain an increase in ionization
current due to the accumulation of RaA and
RaC’. Theoretical considerations are given by
Israel (1957).

The ionization ecurve obtained after 10
min can be extrapolated back to the starting
point using the theoretic accumulation curve
for radon. Then the difference between this
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Fig. 2. Time expanded recording where the times #,, ¢, and {; refer to the given description of the equipment

in Fig. 1.

ionization current and the total ionization
current gives the ionization current for thoron
(see Norinder et al., 1952).

Some practical problems will arise from the
recording of radon and thoron, viz.:

(1) the ionization current will fluctuate and
an electrical filter is therefore required

(2) a time constant gives an unreal picture
of the decay curve of thoron. Consequently
during the initial time the smoothening filter
ought to be compensated for by a very low
time-constant.

These problems are here solved with a special
electronic equipment.

Fig. 1 shows the arrangement of the equip-
ment. The measurement units consist of a
24 liter ionization chamber and an electrometer
amplifier (Analog Devices 311). The sensitivity
of the electrometer is for the accuracy +19,
about 10-3* Amp. The other units include
time-constants and units for programming the
recording.

The timer starts the air pump at the time ¢,.
The valve is opened and atmospheric air is
sucked through the air filter into the ionization
chamber. The function of the air filter is to
prevent radioactive aerosols from entering the
chamber. The valve prevents an air exchange
through the chamber during the measuring.
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Further, a cylinder condenser with a high
electrical field is placed between the air filter and
the chamber. Small ions are, thus, prevented
from entering the chamber.

After about 30 sec at the time ¢,, the air
pump stops and the valve is closed. At the
time £, a monostable multivibrator is triffered on
the negative pulse (shown in the figure) and a
relay on the out-put of the multivibrator is
operating at about 3 to 5 min and the contacts
a and b are opened. The filter amplifier is now
working as a unit gain amplifier as fast as C, is
disconnected. The filter function is consequently
out of use. On the other hand, a peak memory
is connected, viz. the peak out-put voltage of
the filter amplifier is stored on C, during a
great part of the decay time of thoron.

After about 3 to 5 min (variable), at the
time £, the relay contacts a and b are closed
and the filter function is connected while the
peak-reader function is disconnected. The
recording represents now the radon and its
decay products. The voltage curve is now
smoothened due to the connected condenser.
Fig. 2 shows a time expanded recording where
the times ¢,, ¢, and ¢, refer to the given descrip-
tion of the equipment.

A typical recording with a recording speed of
20 mm/hour is shown in Fig. 3. The individual
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Fig. 3. Recording of ion current in the apparatus. The individual measurements are repeated every 15 min.

measurements are repeated every 15 min. Radon
and thoron can now be separated and deter-
mined if the background radiation is known.

Calculation of the thoron and radon content

For calibration the ionization chamber is
tested with radon gas. The radon activity is
measured at Statens Strélskyddsinstitut, Stock-
holm, with an accuracy of +69. In the
calibrations the ionization current is deter-
mined against the radon activity. From the
calibrations, the detection limit is found to be
approximately 0.1 pC/1.

According to the theory of the ionization
processes in an ionization chamber the radon
curve can be extrapolated back to the starting
point. The differences between the ionization
current at this point and the ‘peak-value’
give us the value of thoron concentration. The
accuracy of the thoron measurements is
limited by the statistical fluctuations of the
background noise plus the radon decay, whilst
the accuracy of the radon measurements
depends on the background fluctuations. The
background radiation is remarkably constant,
go it could be compensated for almost com-
pletely. On an average the accuracy is about
109, over much of our range of measurement.

The decay of thoron during the passage through
the intake tube

Mcasurements of the profiles of radon and

thoron in the layer near the ground require &
smoothed area with no obstacles, for instance
buildings. The ionization chamber therefore is
placed at some distance from the point of
measurement. In the intake tube the thoron
content decreases due to the radioactive decay.
This decay is of less importance for radon.

Theoretically, this correction can easily be
made when the air speed in the tube is known.

Representativeness of the gradient measurements
of radon and thoron due to the intake tube

Because of the short half-life time of thoron
(54.4 sec) rapid measurements have to be made.
Therefore large air-flows are required. These
circumstances disturb the natural condition
near the ground where the radon and the thoron
gradients are significant (see Crozier & Biles,
1966).

In order to obtain correct profiles near the
ground different types of intake tubes are
used, see Fig. 4. The left tube has only one
big hole and the right one has 70 small holes
distributed over 3 m. We tested the two
types of intake tubes, by measuring the radio-
activity at three heights with the two intake
tubes. Fig. 5 illustrates the differences in using
the two intake tubes. The ordinate represents
the height above the ground surface and the
abscissa refers to the different values using
the two types of intake tubes. In order to show
the difference between the two intake tubes the

Tellus XXV (1973), 3
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Fig. 4. Different types of intake tubes. The left tube
has only 1 hole and the right one has 70 small
holes distributed over 3 m.

ratio (R, — R;)/R,-100 is calculated. R, =
activity value when only 1 hole is used and
R,y =activity value when 70 holes are used.

The diagram represents measurements under
conditions with near-neutral and light unstable
stratifications. The horizontal lines represent
the standard deviation from 14 measurements.

In the diagram we can note that both types
of intake tubes can be used at heights 15 em
and higher above the ground surface. But
near the ground surface we had to use a tube
consisting of several holes which seems to
permit greater certainty as to the height from
which the air is being drawn.

The thoron profiles are often determined near
the ground surface. Therefore it should be
favourable near the ground surface to suck the
air from larger areas instead of only one point.
In the measurements near the ground surface
we therefore use an intake tube with a length
of 3 m and consisting of 70 holes. At other
heights we use tubes with only 1 hole.

Variations of radon and thoron
concentrations at ground level

In studies of different matters in the atmo-
spherie knowledge of the distribution of the
matters both in space and with time is of
great importance. The present section deals with
studies of the time variations of radon and
thoron. The vertical distribution of these gases
are also treated.

The distribution of the radioactive gases
radon and thoron in the air can be given by
(see i.e. Wilkening, 1970)

%:V(K.VC)—Q'VC—}»C 1)

where C =concentration of radon or thoron,
K =coefficient of eddy diffusivity, » =mean
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wind and A1=decay constant of radon or
thoron.

Eq. (1) with simplifying assumptions have
been treated, among others, by Jacobi & Andre
(1963); Staley (1966); Fontan et al. (1966);
Israel (1966); Hosler (1969); Druilhet et al.
(1971); Cohen et al. (1972); Ikebe & Shimo
(1972) and others.

Vertical distributions of radon and thoron

In the present study we will treat simul-
taneous measurements of the vertical distri-
butions of radon and thoron at Marsta
Observatory.

There have been numerous researches into
the relation between radon and thoron con-
centrations and the distance above the ground
surface. There have, however, been a limited
number of simultaneous measurements of the
vertical distributions of radon and thoron
concentrations (see i.e. Jacobi & Andre, 1963;
Fontan et al., 1966).

To obtain representations of radon and thoron
activity against distance above the ground
surface, we made simultanecus measurements
of radon and thoron at different heights.
The radon and thoron concentrations are
determined every quarter of an hour. The
measurements are made in June-August 1971.

Figs. 6 and 7 represent the vertical distri-
bution of radon and thoron respectively.

Profiles 4 in Figs. 6 and 7 apply to daytime
conditions in sunny weather. Profiles B apply
to night-time conditions in situations with
stable stratifications.
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Fig. 5. The ratio (R,—R,)/R,-100 at different
heights above the ground. R,, Activity value when
1 hole is used; R,,, activity value when 70 holes are
used.
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Fig. 6. Vertical distribution of radon concentration.
A, sunny days; B, night-time.

In the diagrams in Figs. 6 and 7 we observe
the influence of the turbulent transfer upon the
radon and thoron profiles. In the daytime the
turbulent transfer is large which causes
small gradients of radon and thoron. At night
the turbulent transfer is small and the vertical
gradients of the pnatural radioactive gases are
therefore great.

The half-life times of the two gases (radon
3.8 days and thoron only 54.5 seconds) cause
the remarkable differences of the gradients.

In Fig. 7 we also observe at the height of
about 1 m above the ground small differences
in thoron activity betwcen night and day.
For radon, however, great concentrations are
observed at all heights at night.

The profiles of thoron seem to be fairly
similar to those obtained by Crozier & Biles
(1966) and Ikebe & Shimo (1972). Further radon
profiles similar to those in Figs. 6 and 7 are
observed by several researches.

From the diagrams we note that the ratio
between the radon and thoron concentrations
is quite near the ground surface 2.9 in daytime
and 1.6 at night. At the height 3 m above the
ground surface the ratios are 0.9 in daytime
and 0.1 at night.

In a later paper we will present exchange
coefficients of radon, thoron and momentum
obtained from profile measurements of radon,
thoron, wind speed and temperature in the
atmospheric surface layer.

Time variations of the radon and thoron
concentrations

The variations of radon and thoron in the
surface layers depend mainly upon the following
two factors: the exhalation rates of radon and
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thoron from the ground surface and the turbu-
lent transfer of radioactivity from the surface
layer to the upper layers of the atmosphere.

The intensity of the turbulent transfer
depends to a very high degree upon the wind
speed and the vertical stability of the air both
of which vary according to the meteorological
situation—during the day and the seasons of the
year.

In the present investigation we treat the
diurnal variation of radon and thoron at the
height 0.3 m above the ground. Fourier analyses
of the time variations of radon and thoron in
the surface layer are also made.

Simultaneous measurements of the diurnal
variations of radon and thoron

The diurnal variation of natural radioactivity
in the air near the ground is mainly determined
by the diurnal variation of the turbulent
transfer. This is treated in several investiga-
tions, see i.e. Wilkening (1959), Fontan et al.
(1966), Israelsson et al. (1968) and others.

The effect of the variation of the exhalation
rate of radon and thoron is theoretical con-
sidered by Malakhov et al. (1966).

In the present study the diurnal variations
of radon and thoron at the height 0.3 m above
the ground are studied during fine weather
days in May-June 1970. Hourly-means are
computed from 14 days. The mean-values are
then plotted in Fig. 8.

In the diagrams we note a diurnal variation
of the two gases. Radon shows the most
pronounced variation with about 0.6 pC/l in
daytime and between 4 and 5 pC/l at night.
Thoron concentration is about 2 pC/l in the
daytime and 6 pC/l at night.

—
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Fig. 7. Vertical distribution of thoron concentra-
tion. 4, sunny days; B, night-time.
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Fig. 8. Diurnal variations of radon and thoron
concentrations at the height 0.3 m.

The great turbulent transfer in the daytime
causes small radon and thoron concentrations
in the daytime and a small turbulent transfer
at night seems to cause great concentrations
of natural radioactivity at night.

The intensity of the turbulent transfer of
natural radioactivity depends to a very high
degree upon the wind and temperature condi-
tions both of which vary according to the
meteorological situation, see i.e. Wilkening
(1959); Reiter (1964) and others. We have
therefore calculated the mean diurnal variation
of the wind speed at the height, 10 m, u, and
the temperature stratification, here expressed
by the temperature difference between the
levels 32 m and 1.5 m above the ground. The
data are plotted in Fig. 9. The measuring
period is the same as in Fig. 8.

From the diagrams in Figs. 8 and 9 it is
apparent that the concentrations of radon
and thoron are very dependent on the wind
speed and the temperature stratification.
Maximum values of the radioactivity occur for
the lowest wind speed and greatest the lapse-rate
of the temperature, viz. during surface inver-
sions.

The smallest activity values are noted when
wind is greatest and the lapse-rate of the
temperature is negative, viz. under conditions
with unstable stratification in the daytime.

The diurnal variation of the radon concen-
tration seems to be similar to those obtained
by Fontan et al. (1966); Pearson & Moses
(1966) and others.

For the thoron concentrations, however,
different measurement sites influence fairly
much upon the time variations of the thoron
concentration, see i.e. Druilhet et al. (1971).

Fourier analyses of the time variations of radon
and thoron

Periodic and high-dependent theoretical solu-
tions are derived for the disturbances of the
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concentrations of radon and thoron in air
above the ground surface by Staley (1966). In
these solutions sinusoidal oscillations are
assumed.

In the present investigation we have studied
the diurnal wave of radon and thoron by
Fourier analysis. Other periods than the
diurnal wave have also been taken into con-
sideration.

In order to obtain spectral estimates of the
variations of radon and thoron over a wide
range of frequencies lengthy time series of
frequent readings are analyzed. A time series
R =f(t) of the period 7', defined and bounded
in the range of 0 <¢ <7, may be expressed as
a Fourier series.

In the present investigation R represents a
recorded radon or thoron curve. An integration
of R =f(t) over the range 0<t<T gives the
Fourier coefficients

T
a,=2/T f f(2) cos (2nkt[T)dt
and

T
be=2|T f f(¢) sin (2nke/T') dt

where k refers to the kth harmonie.
The amplitude of the kth harmonic, viz.

R, = l/(a?c‘ +b%), is now calculated for different
k-values. In order to obtain a more general ex-
pression of the amplitudes a relative amplitude
is determined. The relative amplitude is here
expressed a B, /R, where R is the mean-value
of the observation series.

The phase angle v, is given from the expres-
sion tan v, =%/b,.

Results of our Fourier analyses of the varia-
tions of radon and thoron in the air at the
height 0.3 m can be seen in Tables Ia and Ib.

Fig. 9. Diurnal variations of wind speed and
temperature stratification.
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Table I. Relative amplitudes (R(T)/R) of the
first siz harmonics of the diurnal wave of radon
and thoron at the height 0.3 m

T represents the period of the harmonic and R is the
mean-value of the observation series

Period T
in hours 24 12 8 6 4.8 4

Table Ia Four days with near-neutral stratification
R(T)/Rin %
Radon 21 2 7 3 3 2
Thoron 5 6 4 8 6 6

Table 1b. Five days with fine-weather

R(TYWR in %
Radon 69 26 9 4
Thoron 3¢ 14 15 11

Table Ia represents conditions with near-
neutral stratifications and Table Ib conditions
with unstable stratifications, viz. fine weather
with unstable stratification in the daytime
and stable stratification at night.

Periods shorter than 12 hours have greater
relative amplitudes R(T)/R for thoron than
for radon. For longer periods the relative ampli-
tudes of radon are greter than those of thoron.

The diurnal variation of radon can thus be
represented by a few harmonics. For thoron,
however, we need several harmonics.

These differences between radon and thoron
probably depend on the different disintegration
constants of the two nuclides (3.8 days and
54.5 sec respectively).

Great turbulent exchanges in situations
with unstable stratification and a small vertical
transfer of natural radioactivity under condi-
tions with stable stratification probably cause
the great amplitudes of radon and thoron for
the diurnal wave.

On overcast days (near-neutral stratification)
the relative amplitudes of the variations are
small. Especially thoron seems to lack a diurnal
wave.

Table II represents measurements of radon
and thoron at the heights 0.05 and 3 m under
fine weather conditions. For especially thoron
the relative amplitudes are greater at the height
0.05 m than at the height 3 m. Like the previous
tables the diurnal wave is more pronounced for
radon than for thoron.

The amplitude of the diurnal wave of radon
and thoron decreases with increasing height.
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The phase of the diurnal wave of radon seems
to increase somewhat with increasing height.
This means that the time of maximum radon
concentration becomes later with increasing
height. From our measurements the change of
phase of the diurnal wave between the heights
0.05 m and 3 m becomes 0.2 hours (standard
deviation = 0.2 hours).

For thoron the change of phase of the diurnal
wave becomes about —1.4 hours (standard
deviation =1.4 hours). The great standard
deviation can be explained by the fact that
diurnal variation of thoron is represented by
many harmonics; the more the larger heights.

The structures of the time-variations of the
«- and B-activity and the radon and thoron
concentrations in the atmospheric surface layer
will be studied more penetratingly in later
papers. Auto-correlation functions of the natu-
ral «-activity are presented in a previous
paper, Israelsson et al. (1972a).

Summary

In order to achieve continuous measure-
ments of radon and thoron at the ground
level measurements were made of the radon
and the thoron contributions to the ionization
in an ionization chamber by a method similar
to those given by Norinder et al. (1952) and
Israel (1964). With a special electronic equip-
ment the concentrations of radon and thoron
can be measured every 15 min.

Our measurements indicated that the intake
tube can disturbe the natural conditions, i.e.
incorrect profiles may be obtained quite near

Table II. Relative amplitudes (R(T)/R) of the
first five harmonics of the diurnal wave of radon
and thoron at the heights 0.05 m and 3 m under
6 fine weather days

T represents the period of the harmonic and Ris
the mean-value of the observation series

Period 7' in hours 24 12 8 6 4.8

R(T/Rin %
Radon 0.05 m 83 22 9 6
3m 81 23 7 12 5
Thoron 0.05 m 27 12 9 7
3m 19 15 21 1

Tellus XXV (1973), 3
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the ground surface. By using a tube containing
several holes these disturbances can practically
be eliminated.

Simultaneous measurements of the vertical
distributions of radon and thoron are made.
Due to the short half-life time (54.5 s) the
thoron concentration decreases rapidly with
height. Stable stratification at night-time causes
remarkable gradients near the ground surface.
In daytime with unstable stratification and a
considerable vertical transfer the gradients of
thoron are much smaller. At heights of about
1 m the differences in the thoron concentration
between night and day are fairly small.

Radon, however, with longer half-life time
(3.8d) shows smaller vertical gradients than
thoron. Stable stratification and inconsiderable
upward transfer causes high radon contents at
all heights,

From the studies of the variations of radon
and thoron concentration with time we observed
a pronounced diurnal variation. A minimum in
daytime caused by a great turbulent transfer
and a great concentration value at night-time
with stable stratification and a small vertical
exchange in the surface layer. The diurnal
variation of thoron is less pronounced than the

289

variation of radon probably due to the different
magnitudes of their decay constants.

Fourier series analysis of the variations of
radon and thoron shows greater variations of
thoron for periods shorter than 12 hours. For
longer periods, however, the analysis indicates
greater amplitudes for radon. These differences
may also be due to the different decay constants
of radon and thoron.

In later papers we will treat the structures
of the time-variations of the «- and f-activity,
radon and thoron concentrations more pene-
tratingly by using numerical filter methods.
Furthermore results from simultaneous measure-
ments of eddy exchange coefficients of radon,
thoron and momentum will be presented.

Acknowledgements

The measurements of the atmospheric radio-
activity were made possible by grants from
Swedish Natural Sicence Council.

We have great pleasure in expressing our
sincere gratitudes to Prof. G. H. Liljequist
and Dr R. Siksna for their guidances and inter-
ests in our works.

REFERENCES

Cohen, L. D., Barr, 8., Krablin, R. & Newstein, H.
1972. Steady-state vertical turbulent diffusion of
radon. J. Geophys. Res. 77, 2654.

Crozier, W. D. & Biles, N. 1966. Measurements of
radon 220 (thoron) in the atmosphere below 50
centimeters. J. Geophys. Res. 71, 4735.

Druilhet, A., Perrier, A., Fontan, J. & Laurent,
J. L. 1971. Analysis of turbulent transfer in
vegetation: Use of thoron for measuring the
diffusivity profiles. Boundary-Layer Meteorology 2,
173.

Evans, R. D. 1935. Ionization currents produced
by radon, RaA and RaC’ in cylindrical ionization
chambers. Phys. Rev. 48, 177.

Fontan, J., Blanc, D. & Bouville, A. 1962a. Emploi
d’un systéme de coincidences dans le dosage sélec-
tif du radon et du thoron atmosphériques. Journ.
Physique Rad. 23, 333.

Fontan, J., Blanc, D., Bonnafous, M. & Bouville,
A. 1962b. Une méthode de dosage direct du
radon et thoron contenus dans I’atmosphére.
Nouwvo Cimento, Suppl. Vol. 23, ser. X, 139.

Fontan, J., Birot, A., Blanc, D., Bouville, A. &
Druilhet, A, 1966. Measurement of the diffusion
of radon, thoron and their radioactive daughter
products in the lower layers of the Earth's
atmosphere. Tellus 18, 623.

Hosler, C. R. 1969. Vertical diffusivity from radon
profiles. J. Geophys. Res. 74. 7018.

Tellus XXV (1973), 3

Ikebe, Y. & Shimo, M. 1972. Estimation of the
vertical turbulent diffusivity from thoron profiles.
Tellus 24, 29.

Israel, G. W. 1964. Neues Verfahren zur Direkt-
messung des atmosphirischen Thoron-Gehaltes.
Naturwissenschaften 51, 134.

Israel, H. 1957. Atmosphdirische Elektrizitit. AK.
Verlages, Geest und Portig, Leipzig.

Israel, H. 1962. Die natiirliche und kiinstliche
Radioaktivitit der Atmosphere. In Kernsirahlung
in der Geophysik (ed. H. Israel & A. Krebs), pp.
76-94. Springer, Berlin.

Israel, H., Horbert, M. & Israel, G. W. 1966.
Results of continuous measurements of radon
and its decay products in the lower atmosphere.
Tellus 18, 638.

Israel, H. & Israel, G. W. 1966. A new method of
continuous measurements of radon (Rn???) and
thoron (Rn??) in the atmosphere. Tellus 18, 557.

Israelsson, S. 1968. Om den naturliga luftradio-
aktivitetens variation i marknira skikt (with an
English summary). Reports No. 5. Dep. of
Meteorology. Uppsala, Sweden.

Israelsson, S., Knudsen, E., Ungethiim, E. &
Dahlgren, L. 1972a. On the natural x-activity
of the air near the ground, Part A. Tellus 24, 368.

Israelsson, 8., Knudsen, E. & Ungethiim, E. 1972b.
Natural f-activity in the air near the ground.



290

Reports No. 26, Dep. of Meteorology. Uppsala,
Sweden.

Jacobi, W. & Andre, K. 1963. The vertical distri-
bution of radon—222, radon—220 and their
decay products in the atmosphere. J. Geophys.
Res. 68, 3799.

Malakhov, S. G., Bakulin, V. N., Dmitrieva, G. V.,
Kirichenko, L. V., Ssissigina, T. I. & Starikov,
B. G. 1966. Diurnal variations of radon and
thoron decay product concentrations in the
surface layer of the atmosphere and their
washour by precipitation. Tellus 18, 643.

Norinder, H., Metnieks, A. & Siksna, R. 1952,
Radon content of the air in the soil at Uppsala.
Ark. f. Geofysik, Band 1, no. 21.

Pearson, J. E. & Moses, H. 1966. Atmospheric

S. ISRAELSSON ET AL.

radon—222 concentration variation with height
and time. J. Appl. Met. 5, 175.

Reiter, R. 1964. Felder, Strome und Aerosole in der
unteren Troposphdre. Dr. Dietrich Steinkopf
Verlag, Darmstad.

Schmidt, W. 1926. Zur Verteilung radioaktiver
Stoffe in der freien Luft. Phys. Zeitschr. 27, 371.

Staley, D. O. 1966. The diurnal oscillations of radon
and thoron and their decay products. J. Geophys.
Res. 71, 3357.

Wilkening, M. H. 1959. Daily and annual courses of
natural atmospheric radioactivity. J. Geophys.
Res. 64, 521.

Wilkening, M. H. 1970. Radon—222 concentration
in the convective patterns of a mountain environ-
ment. J. Geophys.Res. 75, 1733.

OAHOBPEMEHHLIE USMEPEHHW PAJJOHA (Rn?**?) I TOPOHA (Rn?**) B IPUBEMHOM
CJIOE ATMOCO®EPDI

C nomMowpio annapaTypsl, aHAJOMMYHONR MCITOJIE-
sosaBuleitca Hopungepom u ap. (1952) u Ua-
passiem (1964), Oblim nmpoBefeHBl OJHOBpEMEH-
HBle U NpAMBEE W3MEPeHUA CONEpPHAaHUA pafoHa
1 TOpoHa BOIM3M moBepxHocTm 3emau. Ilpex-
CTaBIIEHHl [JAHHBIE MO CYTOYHBIM M3MEHEHHAM U
BePTUKAJILHBIM NpPOQHUAAM KOHLEHTpanuit pa-
JAoHa u TopoHa. COrjacHO HU3MEepeHUAM BepTH-
KaJIbHble TpPajUeHThl pajoHA U TOPOHA MAaKCH-

MaJbHB BOJM3M IOBEPXHOCTHM IIOYBHI HOYLIO.
CooTHOIIEHNA MeIy KOHIEHTPALMAMHU pajoHa
U TOpOHA U3MeHAKTCA B cpegHeM ot 0,1 mo 3,0
B ciaoe 0 BBICOTHI 3 m. I[IpousBemen anamus
®Oypbe BpPeMEHHBIX HM3MeHeHMil DTUX KOHIIEH-
rpauuit. CyTouyHas BOJHA JJIA pajgoHa upej-
CTaBJIAETCA HEMHOTMMU rapMoHUKaMu. B cayuyae
TOpOHAa, OAHAKO, HeoOXxoaumo GoJiblilee KOJU-
YeCcTBO FAapMOHUK.
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