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ABSTRACT

The period from April to October 2021 was extremely dry in the region of Sdo José dos Campos, SP, Brazil. In general,
it is observed in the region that the intensity of local rainfall varies the flux and intensity of gamma radiation measured
as a function of time. This fact occurs due to greater or lesser emission of radon gas as a function of time, close to the
earth's surface, at the location of measurements. It is observed that hot days and dry land surfaces the emission of
radon gas increases. This causes greater emission of gamma radiation in the period. With an Nal(TIl) gamma radiation
detector of 3" x 3" inches in diameter and a coupled PM photomultiplier, it was possible to distinguish the flux of this
radiation measured at 1 minute of time. It is also observed at the site that when heavy rains arrive, there is a great local
increase in the flow of gamma rays. This is due to the wash of rain of radon gas existing in suspension in the lower
atmosphere air. The objective of this work is to show this correlation between rainfall and gamma radiation
measurements of (0.2 — 10.0) MeV in the region.
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I.  INTRODUCTION

At the (soil/air) interface of the Earth's surface, ionizing radiation is mainly composed of radon gas, ground telluric
radiation, primary and secondary cosmic ray radiation. However, it is difficult to separate over time the intensity of
ionizing radiation emanating from each component as the energies overlap. Telluric radiation is given by 23U, 25U,
40K and %*2Th that is constant for each region [1]. Radon gas from the disintegration of 28U on the earth's crust to
226Ra and ???Rn arrives in the 2*Pb, ?*Po and ?*Bi isotopes, generating alpha and gamma radiation [2]. Primary
cosmic radiation consists mainly of galactic and extragalactic protons, with very high energy and those from the Sun
that interacts with the Earth's atmosphere producing Extensive Air Showers (EAS) [3]. The efficiency of this
interaction is maximum when it occurs at altitudes between 13 and 17 km in the tropics, which form secondary cosmic
rays with muonic, mesonic and neutronic components that reach the Earth's surface in the region [4]. These radiations
can cause health problems for civil aviation crew and passengers and are present at the beginning of the stratosphere
called by Pfotzer maximum. However, this component contributes less to the concentration of radiation on the earth's
surface. Another possible source of ionizing radiation in the Earth's lower atmosphere is produced by lightning strikes
between earth-clouds, clouds-earth and clouds-clouds. X-rays, gamma rays, neutrons and beta particles are formed by
the lightning cone [5]. Other sources of ionizing radiation are those produced in medical, dental and hospital clinics,
but these are mainly controlled in small areas. The objective of this work was to monitor low energy gamma rays and
rainfall every minute in Sdo Jose dos Campos, So Paulo, Brazil.

1. METHODOLOGY

The gamma ray detector prepared for 200 keV to 10.0 MeV energy range, consists of a 3-inch high by 3-inch diameter
thallium doped scintillator crystal. This crystal is directly coupled to a photomultiplier (PM) that records the pulses
shape’s coming from the amplified scintillator and a digital analog converter with signals recorded by a computer [6].
This experimental set (Figure 1) is located in the inner room of a tower 25 m high relative to the ground (ACA Tower).
The scintillator attached to the photomultiplier is wrapped in a thin layer of aluminum to make it portable. The set
(scintillator + associated electronics + data acquisition) relies only on a laptop with a charged battery to measure
radiation for up to 8 continuous hours. However, for long measurement series, electricity or photovoltaic power is
used. The scintillator and associated electronics were calibrated for energy and intensity counts per minute in the ITA
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teaching experimental physics laboratory using radioactive sources and a (0.2 — 10) MeV spectral analyzer [7] and

[8].
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Fig. 1: View of gamma scintillator wit associated electronics and computer (author).

The scintillator coupled to photomultiplier is wrapped in a thin layer of aluminum to make it portable. The set
(scintillator + associated electronics + data acquisition) only depends on a laptop using a charged battery to measure
the radiation for up to 8 continuous hours. However, for series of long measurements it uses electrical network or
photovoltaic energy. The scintillator and associated electronics were calibrated in terms of energy and counting
intensity per minute at the experimental teaching physics laboratory of ITA using several radioactive sources and a
spectral analyzer of counts versus energy in the range of (0.2 to 10) MeV [9-11].

I11.  RESULTS AND DISCUSSION

During the year 2021, measurements of gamma radiation counts were performed in the energy range described above,
always during an interval of one minute. As shown in Figure 1, these measurements were carried out in a room at the
ITA located in an isolated tower with an altitude of 25 meters. Figure 2 below shows these measurements over the
period from 12/03 to 21/05, 2021 continuously. See that there were 2 intense peaks of radiation corresponding to two
intense rains at the site. More 3 small peaks of radiation were identified in the period corresponding to the presence
of 3 light rains. In the rest of the period analyzed, the radiation presents small variations in intensity due to the presence
of cold fronts arriving in Brazil. It also presents variations in radiation intensity corresponding to the day/night period.
The average intensity over the period is ~32000 counts per minute. In figure 2a, the gamma radiation measurements
were zoomed exactly at the time 10500 to 11000 minutes, which coincides with the arrival of the first rain in the
region. At first there is disarrangement in the local atmosphere, then there is a sudden increase in the intensity of
radiation corresponding to the onset of rain. Then the gamma radiation drops to its previous normal level. This same
scheme is shown in Figure 2b, with the radiation peak being smaller due to the rainfall intensity which was also lower.
Figure 3 shows in the same place the set of measurements carried out in the period from 22/09 to 11/10, with the
beginning of the rains in this region of Brazil. On this period, the measurements of gamma radiation show 2 intense
peaks and 8 moderate to small peaks of radiation. These peaks correspond to the rains that occurred in the place in the
period in question. Figure 3a shows a magnification in gamma radiation measured in time equivalent to a major
radiation peak between times 17700 to 17900 minutes. The peak was very fast ascending and its fall very slow. It can
be observed that the measurements made during wettest period (Figure 3) that the data obtained are fluctuating around
32000 counts per minute, which represents the background noise of gamma radiation. The green line in both figures
represents the smoothed curve in one day.
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Fig. 2 — Gamma radiation measurements from 03/12 to 05/21 of 2021 with rainfalls influences (author).
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Fig. 2a — Zoom view of the gamma radiation peak between 10500 to 11000 minutes of measurements with rainfall influence

(author).
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Fig. 2b — Zoom view of gamma radiation peak in time between 36500 to 37000 of measurements with rainfall influence
(author).
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Fig. 3 — Gamma radiation measurements from 09/22 to 10/11 of 2021 with rainfalls influences (author).
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Fig. 3a — Zoom view of the gamma radiation peak measured between the times 17700 to 17900 minutes with fast rainfall
influence (author).
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Fig. 4 — Same-site variation of gamma radiation measurements every hour of radon gas intensity (author).

October 2021, the gamma radiation intensity at 25 meters above the ground was measured every minute at the ITA
campus in S&o José dos Campos, SP, Brazil. The radon gas flow in Becquerel (Bgq )/m3 every hour and the rainfall
intensity in mm/min were also observed in the same place, every minute . These measurements show correlations

between variations in gamma radiation intensities,
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rainfall intensities and radon gas intensities in the region.
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Fig. 5 — Typical sample of rainfall variation in (mm/min.) also at the same site of gamma radiation measurements (author).
IV. CONCLUSION

At the beginning of the rains, from a very dry period onwards, it produces a sharp increase in gamma radiation at the
site. This can be explained by the rapid washing that the rain makes of the radon gas fixed in the chemical elements
present in the air of the lower atmosphere. However, this rain persisting for more than half an hour, it plugs the Earth's
pores from where the radon gas exhales. Therefore, the radon gas flow becomes very constant and low during these
rains. The same happens then with the gamma radiation measured at the location, as it is mostly coming from the local
radon gas. Hence the presence of a radiation peak when there is heavy rain in the area.
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