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An increase of the soft gamma-radiation background by precipitations
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Abstract: In a continuous monitoring of the natural radioactive background held in Tien-Shan mountains at a height of
3340 m above the sea level, and in Almaty city at 850 m a.s.l. with inorganic NaI scintillation gamma-detectors it was
found, that after beginning of a precipitation period the intensity of scintillation signals in the range of gamma-radiation
energies Eγ ≥ 30 keV starts to grow, its maximum (up to 20 − 40% above the usual background level) being achieved
30 − 40 minutes later. Such behavior of scintillation signals is characteristic for a large bulk of observed events, and
repeats regularly each time by precipitations. After the maximum (though precipitations may be continuing) the counting
rates of gamma-radiation for the rain water, hail, or melted snow exponentially return to their initial level with one
and the same lifetime duration, typically about 30 − 50 minutes, which is an evidence about the common radioactivity
nature of different precipitation species. Comparison of relative magnitude of the precipitation-caused gamma-intensity
enhancements observed at different elevation heights, so as the revealed difference in gamma-radioactivity detected for
collected rain water and melted hail gives an evidence that the source of additional radioactivity is connected with the
region of precipitation formation, i.e. with the upper, but not with near-earth, atmosphere.
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1 Introduction

In spite of its long history [1] and a large number of pub-
lications available so far (see, e.g., [2, 3, 4, 5]), the ques-
tion on the nature of precipitation radioactivity remains to
be open. In this work we present the new measurements
of gamma-radiation background made for the samples of
rain water, hail, and snow collected during precipitation pe-
riod, so as the results of a continuousmonitoring of the sec-
ondary cosmic ray intensity in a high-altitude and foothills
environments.
During the last decade, at the Tien-Shan mountain station
which is situated at a height of 3340 m above the sea level
in the vicinity of Almaty city, we carry out comprehen-
sive investigation of different radiation components gener-
ated by the lightning discharge in thunderstorms [6, 7, 8].
One of detector subsystems used for this purpose is the
wide-spread complex of NaI scintillators initially destined
for registration (in a micro- and millisecond time scales)
of the transient bursts of gamma-radiation which accom-
pany the electric discharges in atmosphere [9]. Simultane-
ously with these high-resolution measurements, the back-
ground counting rate of the same scintillation signals is
monitored uninterruptedly with a low, 10-sec temporal res-
olution in many hours both before, during, and after pre-
cipitation periods which accompany the thunderstorm pas-

sages. One common feature of these precipitation events is
an enhancement of environmental gamma-radiation back-
ground, with characteristic duration of the order of tens of
minutes, which is detected steadily with our scintillation
facility in the keV energy range after beginning of precip-
itation. After observation of this effect in mountains, the
measurements of gamma-ray background with similar NaI
scintillator were repeated at a height of 850 m a.s.l. in Al-
maty city.

2 Experiment

The basic gamma-radiation sensor of our system is the
scintillation detector build on a pair of an inorganic NaI(Tl)
crystal coupled with a FEU49 type photomultiplier tube
(PMT). The size of the crystal, which has a cylindrical
shape, is 110 mm in the height and 110 mm in diameter;
together with photomultiplier it is put inside an aluminum
casing with the 1 mm thick, electrically grounded wall. As
it has been shown in special measurementswith a set of cal-
ibrated radioactive sources and confirmed by the GEANT3
simulation, in a wide range of amplitude values the scin-
tillation amplitude of a NaI crystal is proportional to the
energy of absorbed gamma-quantum, while the registra-
tion efficiency of gamma-radiation by our detector varies in
the limits of 20− 80%, in dependence on radiation energy

                                                              DOI: 10.7529/ICRC2011/V11/0416

Vol. 11, 368



N.M.SALIKHOV et al. AN INCREASE OF THE SOFT GAMMA-RADIATION BACKGROUND BY PRECIPITATIONS

[9]. Such a high sensitivity to gamma-radiationmeans, that
our scintillators placed outdoor register mostly the natural
gamma-ray background because their probability to regis-
ter the charged particles is negligible due to a small sensi-
tive area of the crystal.
The data presented in this message were obtained in sum-
mer season 2009 by three differently disposed scintillation
detectors of the said type: detector I, which is elevated up
to 120 m above the common level of Tien-Shan station and
installed in a light house with thin plywood walls and roof
on the slope of a neighboring hill; detector II, placed in a
similar light house at the Tien-Shan station level; and de-
tector III, which has been operating in a laboratory room
under a metallic roof with sum absorber thickness of about
13 g/cm2.
To utilize the amplitude information of the registered
gamma-radiation signals, the analogous pulses from the
last PMT dinode of each scintillator are connected to a set
of fast discriminators with monotonously increasing oper-
ation thresholds which correspond to energy deposits of a
scintillation flash about 30, 40, 60, 70, 120 and 320 keV
for detectors I and II, and about 20, 35, 70, 170, 340 and
660 keV for detector III. During the measurements, the tun-
ing of energy thresholds has been regularly checked with
the use of a 241Am and 137Cs gamma-radiation standards.
The output discriminator signals, after their shaping to a
standard rectangular pulse with duration of 5 μs, are con-
nected to the digital scaler schemes which continuously
measure the current rate of scintillation signals in six corre-
sponding ranges of energy deposit with a 10-sec temporal
resolution (the last amplitude diapason has no upper limit
and corresponds to all scintillations which exceed the 6-th
discriminator threshold).

3 Results and discussion

A typical example of the behavior of scintillation signals
during a rainy day is presented in the figure 1. The data
of two gamma-detectors, I and II, are shown for six ranges
of scintillation energy in the form of a temporal distribu-
tion of relative enhancement of the current signal intensity
n above its mean value 〈n〉 which has been observed be-
fore the approach of a raincloud: (n− 〈n〉)/〈n〉. The typ-
ical values of the means 〈n〉 for our 10-sec measurements
are in the limits of 1000 − 7000 (in dependence on scin-
tillator position and energy range). It is seen, that each
time after the beginning of precipitations, which on consid-
ered day has occurred thrice: at 7:40, 8:30, and 10:40 UT,
the intensity of scintillation signals starts to grow, its maxi-
mum being achieved after 30− 40minutes since. After the
maximum (thou the rain may be continuing) the counting
rates exponentially return to their background levels dur-
ing the period of 1.5 − 2 hours. Such behavior of scintil-
lation signals is typical for many observed events and re-
peats itself constantly with every rain. The relative mag-
nitudes of the precipitation-caused intensity enhancements
are not equal and differ between both considered scintilla-

tors. As it is seen in figure 1, the maximum value of in-
tensity increase, about 40%, is observed in the 4-th and
5-th amplitude ranges (corresponding to the energy lim-
its of 100 − 300 keV) of the detector I which is placed
at a highest elevation above the level of Tien-Shan station,
and has occurred immediately inside the rainclouds during
the rain. A twice as smaller enhancement amplitude, only
about 15 − 20%, is achieved in the same energy range by
detector II which is situated 120 m below than the first, at
the common level of Tien-Shan station. Hence, one could
state, that the relative intensity of precipitation-connected
radioactivity grows with observation height, correspond-
ingly to an approach to the region of rainclouds passage.
Analogous enhancements of gamma-scintillation counting
rate have been observed also in a prolonged rainy period at
the height 850 m a.s.l., in Almaty city (see the figure 2). It’s
interesting that, thou the rain has been continuing uninter-
ruptedly during all the considered day, the intensity records
still show a number of separate maxima, each time return-
ing back to level of their background with the same char-
acteristic time of about 1.5 − 2 hours as it has been just
observed in mountain measurements.
To make it clear, what could be the source of the observed
enhancement of radioactive background during precipita-
tions, in the next rainy day we have been recording the
count rate history of the detector III, whose arrangement
ensures a convenient possibility to put different absorbers
immediately above the scintillating crystal. As such ab-
sorbers, we consecutively used the 5-liter closed plastic
bottles filled with equal amounts of the pure water from a
spring which flows from rocks in the vicinity of Tien-Shan
station; of the rain-water gathered outdoor; and of the water
from melted hailstones. Both the rain water and the hail-
stones were collected only once, soon after the beginning
of the rain (the difference between their collection time did
not exceed 5 min), and the bottles with each of samples
were put on scintillator alternatively several times during
some hours.
Results of these measurements are shown in the figure 3.
The stepped line in this figure represents an amount of
detector pulses per one second above the lowest energy
threshold (Eγ ≥ 20 keV). As it might be expected, placing
of an additional absorber in the form of spring water (in the
time periods marked as 1 in figure 3) leads to a slightly, in
the limits of 7− 10%, decrease in the intensity of detector
signals. On the contrary, the influence both of the rain- and
the hail-water is quite opposite: it reveals itself as a sharp
enhancement in counting rate, about 50− 55% in the case
of rain-water (2 in figure 3), and up to 2− 2.5 times for the
melted hail (3). An absolute amplitude of this enhancement
exponentially diminishes in the course of time, the succes-
sive peaks 2 and 3 in figure 3 becoming lesser and lesser.
An evident exceeding of gamma-radioactivity of hailstones
above that of rain-water means, again, that the mostly effi-
cient accumulation of radioactive components in the air is
situated at the hail formation heights, i.e. in the upper, but
not near-earth, atmosphere layers [10].
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Figure 1: Typical records of the intensity of scintillation pulses during the rainy period of time at the height 3340 m a.s.l.
Left — the detector point I, right — point II (see text).
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Figure 2: The record of scintillation intensity variation during a whole rainy day at the level of 850 m a.s.l. (in Almaty
city).
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Figure 3: The record of scintillation counting rate (with threshold energy Eγ ≥ 20 keV) for detector III during the rainy
day of 31 August 2009: 1— two intensity dips when a 5-liter plastic bottle with pure water has been placed above the
crystal, 2— count enhancements from the same bottle filled with equal amount of rain-water, 3— thouse from the water
of melted hailstones (see text). Smooth lines correspond to the exponents with a 47 min life time.

It is generally accepted, that an increase of environmen-
tal radioactivity in precipitation period is due to accretion
of the 222Rn progenies, in particular the 214Pb and 214Bi
nuclei, with atmospheric aerosols. (In turn, 222Rn is sup-
posed to be emanated in radioactive decay of long-lived
uranium and thorium isotopes inside granite rocks). As it
is seen in figure 3, the life time of resulting exponent in our
measurements occurs to be about 40 − 50 minutes, which
value is close enough by its order of magnitude to the life
times of 214Pb (38.8 min) and 214Bi (28.8 min). Neverthe-
less, our data presented so far do not completely agree with
this explanation: an absence of any additional radioactiv-
ity from the spring water which exudes immediately from
the rocks, a revealed connection of precipitation radioac-
tivity with upper atmosphere layers, and characteristically
”recurrent” behavior of gamma-scintillation intensity en-
hancements during prolonged precipitation period (in spite
of the just ”cleaned” atmosphere state after the first en-
hancement) contradict to the too excessively simplified ra-
dioactivity model.

4 Conclusion

We regularly observe an increase of the intensity of en-
vironmental gamma-radiation background in the period of
precipitation. The maximum increase magnitude at moun-
tain height is seen in the energy range of about 100 −
400 keV and generally grows with elevation of observation
level. Thou, according to equality of typical lifetimes, the
nature of additional radioactivity for different kinds of pre-
cipitation (in our case, the rain- and hail-water) seems to be
one and the same, accumulation of radioactive substances

goes more effectively in uppermost atmosphere layers (at
least, at the formation height of hailstones). During the
prolonged precipitation periods the intensity of gamma-
radiation background reveals a characteristic temporal be-
havior of a number of succeeding enhancements, each with
a typical duration of about 1.5− 2 hours. This feature does
hardly agree with commonly accepted model of 222Rn
progeny accretion in precipitation and may be an evidence
of a more complicate nature of environmental radioactivity.
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