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ABSTRACT 
The measurement of the energy spectrum of 

environmental gamma radiation in the region of São 

José dos Campos, SP, Brazil, can indicate the 

radioactive chemical components existing in the land 

and air of this region. The portion of this radiation 

produced by primary and secondary cosmic rays are of 

lower intensities and vary very little with respect to 

time on the Earth's surface. Winds and rains also vary 

the intensity of this gamma radiation near the earth's 

surface through the exhalation of radon gas. Using a 

gamma radiation spectrometer calibrated between the 

lower limit of 180 keV and the upper limit of 10.0 

MeV, it was possible to determine these counts as a 

function of measurement time in this region. 
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1 INTRODUCTION 

In the ground level of the Earth's surface, ambient ionizing gamma radiation is mainly composed 

with ground telluric radiation and primary and secondary cosmic ray radiation. However, it is difficult to 

separate over time the intensity of ionizing gamma radiation emanating from each component as the 

energies overlap. Telluric radiation is given by 238U, 235U, 40K and 232Th that is constant for each region 

[1]. Radon gas coming from the disintegration of 238U on the earth's crust to 226Ra and 222Rn that arrives 

in the 214Pb, 214Po and 214Bi isotopes, generating alpha and gamma radiation [2].  Primary cosmic radiation 

consists mainly of galactic and extragalactic protons and those from the Sun, all with high energy that 

interacts with the Earth's atmosphere producing Extensive Air Showers (EAS) [3]. Another possible source 

of ionizing radiation in the Earth's lower atmosphere are produced by lightning strikes between earth-clouds 

and clouds-earth[4]. The lightning cone forms X-rays, gamma rays, neutrons and beta particles [5]. Other 

sources of ionizing radiation are those produced in medical, dental and hospital clinics, but these are mainly 

controlled in small areas. Radon (222Rn) are recognized as a major contributor to the dose due to natural 

radioactivity in the soil, being responsible for approximately half of all human exposure to ionizing 

radiation, [6]. Radon is a noble gas, emitting alpha particles, produced in the series of natural decay of 

uranium and thorium, which occur in varying concentrations in diverse geological materials, especially in 

rocks, soils and waters. Its diffusion and convection in the air occur at low altitudes (approximately <1000 

m). Radon migrates from rocks and soils to the atmosphere through cracks, holes and pipes and it enters 

homes and other buildings. It is evident of oscillations in the emission of radon gas in periods of day and 

night with moderate doses of gas emission in days of intense rain and dry days with intense sunshine in the 

region [7]. Another important source of indoor radon gas is the construction materials. The progeny of 
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radon has received considerable attention in recent decades due to its potential causative effect of lung 

cancer if deposited in the upper respiratory tract when constantly inhaled, [7].  

The rainfall intensity in (mm/min.) was measured with a pluviometer (bascule/bucket) rain gauge 

and data logger acquisition developed in ITA according to the international recommendations. Very few 

measures on the presence and variability of gas radon exist in Brazil, which makes it difficult to measure 

its intensity and factors that interfere with local health. 

 

2 MATERIAL AND METHODS 

The gamma ray detector used here for the 200 keV to 10.0 MeV energy range interval photons 

consists of a 3 inch high by 3 inch diameter Thallium doped NaI (Tl) scintillation crystal. This crystal 

directly coupled to a photomultiplier (PM) that records the pulses coming from the amplified scintillator 

and a digital analog converter with signals recorded by a computer laptop [8]. This experimental setup 

(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 10 continuous hours. However, for long measurement series, electricity or 

photovoltaic power is used. The scintillator and associated electronics were calibrated in energy and 

intensity counts per minute in the ITA teaching experimental physics laboratory using radioactive sources 

and a 0.2 to 10.0 MeV spectral analyzer [9]. On the upper ceiling of the room shown at the top of the tower, 

a scale rain gauge was installed to measure the intensity of rainfall every minute. In that same room with 

open windows, an ionization chamber (see Figure 3) was installed to measure the intensity of radon gas at 

every hour[10,11]. 

  

Fig. 1: View of gamma scintillator with associated electronics and computer, (author). 
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Fig. 2 - Aerial and ground view of the tower ACA and his environmental field region in São José dos Campos, SP, Brazil (23° 

12’45” S, 45° 52’00” W), (author). 

 

 

3 RESULTS AND DISCUSSIONS 

The spectrum of five measurements at different locations and dates is presented all close to the 

coordinates of (23° 12'45” S, 45° 52'00” W), sites already worked by man and without debris or rubbish 

with possible components, chemical or organic.  

Figure 3 shows the measurements of the spectrum observed at an altitude of 25 meters and on the 

ground of the tower compared with the spectrum taken inside a house 1 km away from Earth surface in São 

José dos Campos. 

 

Fig. 3 – Environmental spectrum measurements at ITA campus in one tower 25 meters high, and one house one kilometer next 

to the tower (author). 
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Figure 4 shows measurements of the gamma ray spectrum in April 2020 for 30 

 

 

 

Fig. 4 – Spectrum measured at the ITA campus near the electromagnetism laboratory for 

experimental classes for second year students of the ITA, F46L course in April 2020 (author). 

minutes in the electromagnetism laboratory in the old building of the Physics Department at ITA. 

In figure 5 the same spectrum is shown now with 2 hours of integrated time and in the 

   

Fig. 5 – Measurement of the gamma ray spectrum performed in the new ITA building in the Physics Department, author's room 

on a logarithmic scale for 2 hours (author). 

 

 

 

in the electromagnetism laboratory of the new building of the Physics Department at ITA. Figure 6 

plots the measurements of the integral flux of 0.2-10 MeV every minute during December 30, 2021 to 

February 4, 2022. 
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Fig. 6 - Count of gamma radiation integrated every minute on the ITA campus from 12/30/2021 to 02/04/2022. The green line 

correspond one-day smoothing (author). 

 

 

During the period from January 2014 to July 2022, around 50 spectra were performed in this energy 

range and in several locations on the ITA campus. 

 

4 CONCLUSION 

With this spectrometer with a supply of 600VDC from the NaI(Tl) scintillator and with a minimum 

of 10 minutes of measurements, it was possible to clearly observe the emission lines of the local surface:   

208Tl(2.62MeV), 214Bi(1.76 MeV) , 40K(1.46 MeV),  

214Bi(1,10MeV),  208Tl(0.95MeV),  [208Tl +  214Bi](0,609MeV) and  214Pb(0,320 MeV). The 

resolution of these peaks improves as a function of longer measurement times. 

In the case of counting per minute, variation in day/night gamma radiation, variation with the 

presence of rain and relative humidity can be seen. The presence of this local gamma radiation is sensitive 

to the emission of radon gas at the location and also due to the washing of this gas suspended in the lower 

cloud layers during heavy rains. These lines observed in the region are part of the decay of the nuclear 

series of the 

  232Th, 40K e 238U from earth surface. 
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