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ABSTRACT

During the month of January 2017, the region of 388é dos Campos, SP, Brazil, was affected by ataior
rainfalls of twice the historical average recordethis place. However in the month of Februar®017 this same region
suffered very high temperatures and very low presexi rains. In that period the intensity of natyraradiation between
200 keV-10.0 MeV at a fixed altitude of 25 meteb®we the ground with a sampling intervals of 1 nenun the same
place was measured also every minute. The dynawhittee measured gamma radiation and rainfall intgrmkuring the

period are analysed in this paper and supposedpi@m involved in this correlation are discussed.
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INTRODUCTION

In the ground level interface of the Earth’s atntese, ionizing radiation is mainly results from eaddecay gas,
the telluric radiation from the ground and the mignand secondary cosmic radiation produced in rgtoand low
atmosphere interface [1]. However, it is diffictdtseparate over time the intensity of ionizingiatidn of each component
as the energies overlap. The telluric radiationadsstituted by>®U, 22U, *K, ?**Th decay products, and it is constant in
each specific region [2]. Radon g&%Ra and Rn-222 are measured by isotdp#b, ?*Po and®'“Bi originating from the
uranium decay in the earth's crust [3, 4]. The primcosmic radiation consisting mainly of high epegalactic and
extragalactic protons and those from the Sun wimtdract with the Earth’s atmosphere produces th8 EExtensive Air
Showers) [1, 5]. The intensity of this radiatiormaximal at altitudes between 13 km and 17 km @fomaximum) in the
tropics forming secondary cosmic rays flux with mies, hadronics and electromagnetic componentsptiogiagate to the
Earth’s surface in the same region. This radiatimnsse health problems for the crew and passengergil and military

aviation and are more intense present at the biegjrof the stratosphere at 13 to 17 km.

However, this component contributes less to ramliationcentration on the Earth’s surface. Anothessitbe
natural ionizing radiation source in the lower aspioere of the Earth are by electrical dischargésd®sn clouds-earth
ground; clouds-clouds and earth ground-clouds. ys;rgamma rays, neutrons and beta particles acuped all the way
of the lightning cone [5, 6, 7]. Other ionizing taiibn sources are those in industry, medical amtaleclinics and

hospitals, but these radiations are mostly comtdaith small areas.
METHODS

To monitor the gamma radiation in interval betw@&® keV to 10.0 MeV, it has been used a portabitesy

detector composed of one Sodium lodide scintillatdivated with Thallium Nal(TI). This crystal 3"X inches (diameter
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and height) placed in a thin cylinder of aluminumil &ind coupled with a PM (photomultiplier) withisee power circuit
settled in 1500 VDC and with data acquisition systerovided by the company (Aware Electronics-IngSA) [8].

Detector and associated electronics were previataiprated in ITA (Technological Institute of Agrautics) laboratory
using radioactive sources Cs-137, Sr-90 and ParRf€dms of energy from emitted photons and paasicl.17 MeV, 0.90
MeV and 5.4 MeV respectively [9]. The rainfall inty in mm was observed with a pluviometer (basfuicket) rain
gauge and data logger acquisition developed in d€@ording to the international recommendations. ddta acquisition
in terms of ionizing radiation and intensity of nfll was performed using 1-minute time intervaltvieen each
measurement. This detail contributes to verify fadescorrelations between variation of rain intéysand local ionizing
radiation. The set of devices were installed aia 25 meters high from the ground where it wasitooed gamma rays
and all associated electronics [10]. The rain deteis placed on the outside on top of the roomhvatectrical and
electronic interface with cables connected in comysuand data logger inside room. Figure 1 showssttucture of the

tower on the outside view, closed with controlledm temperature of 20 degrees Celsius.

Figure 1: Outside View of Room on the Top of Towewith the Detectors and Electronics

This same tower it was employed to observe lighysiin the region since 2000 year up to now.
RESULTS AND DISCUSSIONS

The gamma-rays records in the period of Decembe2Q@86 to January 22, 2017, are shown in Figuri i3.
possible to see in this Figure 2 that the gammaétiad during all intervals of measurements presenany variations
keeping one mean value of 35500 counts/min. Thé&sgpahove 37000 counts/min were produced in intensiinfalls
mostly in 20000 and 70000 minutes. Taking the dathese times from Figure 2 and making a “zoonis$ possible to see

in Figure 3 and in followed Figure 4, an influerafeainfall in increases of low energy in gammasraytensity.
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Figure 2: Measurements Performed Between 11/14/20T® 01/25/2017. Red

Line Represents Smoothed by day from the 1 Mirte Data.

Figure 3 shows measurements performed at near 1900@es after detector starting using a “zoom’hirthe

data of Figure 2 near this time.
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Figure 3: The Increase Gamma ray Intensity during Riinfall Between
20500 to 21000 Minutes from the Stasf Measurements.

During about 2 days it was possible to see fourfadis with one more intense that is marked witle ammber 3

in the same Figure 4. The others peaks 1, 2 andsdme Figure 4 represents rains of much lesssityein the Figure 5 it

was plotted one week of ionizing radiation meas@eis The gamma ray increases each day by quastiserdue to the

presence of regularly rainfalls. From 76000 to &B@tinutes all the days during these week, rainfalisred each day at

same time (~ 16:00 L.T.), so correlation with gammadiation and rain precipitation becomes visifilee Figure 6 and
Figure 7 show this phenomenon during several daynuary, 2017 in that region. During the montlrelbruary 2017
the rainfall intensity in the region was much lowiean the historical average. The local temperatemeained very high

during the day and at night, ranging from 25°C 3@ This weather condition caused a typical presasf gamma ray

intensity variation which can be visualized in Fig@.
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Figure 4: “Zoom” Plot of Data from the Figure 2 Shaving Four Peaks of Gamma Radiation.
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Figure 5: “Zoom” from Data of Figure 2, during one Week, Showing the Afternoon Regularly
Rain and Increases of Gamma RadiatidProvoked by Afternoon Regularly Rains
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Figure 6: Correlations between Gamma Rays and RaiRrecipitation during 01/05 To 01/12
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Figure 7: Correlations between Gamma Rays and RaiRrecipitation during 01/15 To 01/23
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Figure 8: Gamma Rays Variation from 02/09 to 02/24f 2017 during the
Dryer Period Red Line Show Days Smoothed Value
It can be seen from the data plotted in Figurea® ffom beginning to around 10000 minutes of measents
after start up there was a very little increasevaniation of intensity of gamma rays. Due to higimperature and low
relative humidity the average intensity of gammaiation increases between these days. Certaindyfélot occurs due to
the greater release of radon gas from the eartiés  the air due to high temperature in themegiFrom about 10000 to
23000 minutes from the beginning the weather besosnehot (~3tC) day and night and the air relative humidity near

30% that the radon gas make regularly day/nighatians.

CONCLUSIONS

The uninterrupted continuous measurements of garadiation every minute throughout 2016 and begiaGif7
clearly show the variation of rainfalls in the regj even identifying with relative value its intéfes. It is verified that in
dry periods with low and constant relative humidifythe air as indicated in Figure 8, the intensityhe radiation varies
with the presence (day/night) with exact period afay. It is stated that this perfect periodicitythie measured intensity of
the gamma radiation is linked to higher and lowdratation of the radon gas (Rn-222) due to the/(dglt) temperature
effect in the earth crust region. This periodid#typartially or totally destroyed with the presemédog and rain or drizzle
in the region. It can soon be said that the regibi$do José dos Campos has intense radon gas tehalativity as
measured by local ionizing radiation measuremdmsughout these periods. Depending of calibratiaume of radon

gas exalated and gamma ray intensity) this proeecdam be proposed to monitoring long period of naglas in the region.
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