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ABSTRACT 

A pilot study has been conducted to determine the feasibility of using low-cost portable instrument to measure and 

characterize the background gamma radiation in São José dos Campos, SP, Brazil. A NaI(Tl) scintillator coupled to a 

photomultiplier and connected to a PC recorded variations of the local background gamma radiation over extended periods 

of time. The collected data show that there is a correlation between meteorological parameters and the radiation level. This 

correlation can be attributed to variations in the concentration of radon gas Rn-222 at ground level produced by these 

meteorological phenomena. Measurements of energy calibration, stability and reproducibility of system were made during 

the work.  
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INTRODUCTION 

The environment is exposed to different radiation sources, e.g., radioactive isotopes of uranium, thorium, 

potassium (in the soil), radon gas (in the air and water wells), cosmic rays and anthropogenic sources (industry, energy 

production, medicine) [1]. All these sources contribute to the background gamma radiation. Natural factors such as 

meteorological [2], astronomical [3] geological [4] and even biological [5] phenomena can also interfere with the radiation 

background. In the region of São José dos Campos (SP, Brazil, 23°11′11″ S, 45° 52′ 43″ W; altitude, 660 masl) 

measurements or data on the radiation background are either scarce or based on historical mean values.  

In the case of unforeseen natural events or human-caused accidents, the radiation count can change significantly 

in short time scales (minutes, hour or days) but depending on local conditions these unexpected changes can be masked by 

changes in the gamma radiation background caused by natural phenomena [1]. Hence, with aim of understanding how the 

background gamma radiation varies over time and is affected by natural phenomena, we established a pilot program to 

record time series of gamma radiation (energy, 0.03 to 10 MeV) measured at ground level using low-cost portable 

instruments.  

METHODS 

A NaI(Tl) scintillator crystal (dimensions, 7.5 x 7.5 cm) optically coupled to a photomultiplier tube (PMT), in a 2 

mm thick aluminum cylinder was used to detect gamma radiation. The PMT is connected to a PC through an 

amplifier/digitizer interface (Aware Electronics INC., USA). Figure 1 shows the crystal/PMT housing and the 

amplifier/digitizer interface. To measure the atmospheric electric field were utilized sensors that are installed at the 
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Meteorological Phenomena Observation Tower of IAE. A quick type dish antenna was used to record the variations of the 

electric field caused by atmospheric electrical discharges. Through a weather station, the precipitation was collected data. 

 

Figure 1: Nal (Tl) Scintilator/ PMT in Aluminum Hou sing and Amplifier 

 

Figure 2: View of (A) ACA Tower in São José Dos Campos, SP, Brazil, 

(B) Instrument Trailer, and (C) Meteorological Station [6] 

Data were sampled and recorded at one-minute intervals. Data were collected uninterruptedly for periods as long 

as 60 days. The detector was located inside a room on the second floor of a two-floor building with brick walls and clay 

roof tiles. 

RESULTS AND DISCUSSIONS 

Figure 3 shows an example of the data recorded. Data are presented in raw format, as they were collected. It was 

observed two important features can be noted in the graph. The diurnal variation of the intensity of the background 

radiation caused by changes in the concentration of radon gas (222Rn) in the atmosphere near ground level, which is 

primarily controlled by small scale eddy dynamics of the low atmospheric boundary and variations of the temperature and 

humidity of the atmosphere and soil during the day (2). Significant and rapid increases in the radiation count caused by 

meteorological phenomena, especially rainfall were observed in the region. This rapid increase is produced by radon 

washout, which is a process whereby the radon present in the atmosphere is collected by rain and deposited on the ground. 

Other authors have also reported similar findings using more complex instruments [7, 8]. 
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Figure 3: X- and Gamma Rays, Neutron Measurements and Atmospheric Electric Field, 

Rainfall Data from 04/01/2013 to 05/31/2013 

It is possible to observe in Figure 3 that one good correlation exist between the variation of electric field (V/m) 

and low energy gamma ray measured (counts/min) in the same place. In regards of neutrons (counts/min) any correlations 

was observed in relation of rain, electric field and gamma radiation measurements in the same place. In the two long series 

of measurements (neutrons and gamma) one can observe value with more and and less one day periodicities. This variation 

on cycles over both radiations is just caused by insolation and humidity variation on the region with more or less radon gas 

exhalations from the Earth's crust. In Figure 4 and Figure 5 the measured data’s covering all series of neutrons and gamma 

(counts/min), the Fast Fourier Transform (FFT) calculation shows clearly those periodicities of one day. 

 

Figure 4: The Power Spectra (FFT) Obtained for the Period of Gamma 

 

Figure 5: The Power Spectra (FFT) Obtained for the Period of Neutron 
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CONCLUSIONS 

This is a pilot study still in its development phase. We plan to add to our set of instruments, meteorological 

instruments with more precision on time measurement to record the variation of atmospheric pressure, precipitation, wind 

speed and intensity, air temperature and humidity so that it will be possible to characterize more precisely how atmospheric 

phenomena can affect the gamma radiation background, and specially the concentration of radon gas at ground level over 

time. Still, the data we have collected demonstrate that it is possible to observe changes in the background radiation using 

portable and compact instruments. Additionally, this type of study emphasizes the importance of continuous monitoring of 

background radiation in view of recent nuclear accidents; changes in the background radiation can be affected by 

meteorological phenomena and can disrupt the normal monitoring of radiation in nuclear facilities, hospitals and the 

industry. 
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