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APRESENTAÇÃO

Na sociedade atual, onde cada vez mais se necessita de informações rápidas e 
eficientes, o repasse de tecnologias é uma das formas mais eficazes de se obter novas 
tendências mundiais. Neste cenário destaca-se as engenharias, as quais são um dos 
principais pilares para o setor empresarial. Analisar os campos de atuação, bem como 
pontos de inserção e melhoria dessa desta área é de grande importância, buscando 
desenvolver novos métodos e ferramentas para melhoria continua de processos.

Estudar temas relacionados a engenharia é de grande importância, pois desta 
maneira pode-se aprimorar os conceitos e aplicar os mesmos de maneira mais eficaz. 
O aumento no interesse se dá principalmente pela escassez de matérias primas, a 
necessidade de novos materiais que possuam melhores características físicas e químicas 
e a necessidade de reaproveitamento dos resíduos em geral. Além disso a busca pela 
otimização no desenvolvimento de projetos, leva cada vez mais a simulação de processos, 
buscando uma redução de custos e de tempo.

Neste livro são apresentados trabalho teóricos e práticos, relacionados a área de 
engenharia, dando um panorama dos assuntos em pesquisa atualmente. De abordagem 
objetiva, a obra se mostra de grande relevância para graduandos, alunos de pós-graduação, 
docentes e profissionais, apresentando temáticas e metodologias diversificadas, em 
situações reais. Sendo hoje que utilizar dos conhecimentos científicos de uma maneira 
eficaz e eficiente é um dos desafios dos novos engenheiros.

Boa leitura
Henrique Ajuz Holzmann
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CAPÍTULO 6
  INTENSIVE RAINFALLS AND IONIZING RADIATION 

MEASUREMENTS IN FEBRUARY 2020 IN SÃO JOSÉ 
DOS CAMPOS BRAZIL REGION

Inacio Malmonge Martin1

 Technological Institute of Aeronautics –ITA–
Physics Department

São Jose dos Campos-Brazil

ABSTRACT - In the month of February of the last 
30 years, the region of São Jose dos Campos in 
the tropical part of Brazil has an average rainfall 
intensity of 151 mm. In terms of temperature, the 
minimum average was 170 C and the maximum 
average was 300 C. With a lot of cloud cover and 
frequent rains and little sunshine that month, 
the variation in ionizing radiation was monitored 
every month, in every minute. Two Geiger 
counters were used, one with a Russian tube and 
the other with a Chinese tube. A sodium iodide 
NaI (Tl) scintillator was also used, coupled to a 
photomultiplier and associated electronics. All 
of these instruments are capable of measuring 
ionizing radiation between 200 keV and 10.0 
MeV. It can be seen from the measurements 
made by the two Geiger and the scintillator that 
the detected radiation is related to the intensity of 
rainfall at the time of the observations. 
KEYWORDS: Gamma radiation, rainfall, radon 
gas.

1 |  INTRODUCTION
In the interface ground/air 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 238U, 235U, 40K and 232Th that 
is constant for each region [1]. Radon gas from 
the disintegration of 238U on the earth’s crust to 
226Ra and 222Rn 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, with very high energy 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 cause health problems for civil 
aviation crew and passengers and are present 
at the beginning of the stratosphere called the 
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, 

https://www.google.com.br/search?q=Intensive+rainfalls+and+ionizing+radiation+measurements+in+February+2020+in+S%C3%A3o+Jos%C3%A9+dos+Campos+Brazil+region&tbm=isch&source=univ&sa=X&ved=2ahUKEwjlgafarf7nAhWNErkGHcCtAwgQsAR6BAgKEAE
https://www.google.com.br/search?q=Intensive+rainfalls+and+ionizing+radiation+measurements+in+February+2020+in+S%C3%A3o+Jos%C3%A9+dos+Campos+Brazil+region&tbm=isch&source=univ&sa=X&ved=2ahUKEwjlgafarf7nAhWNErkGHcCtAwgQsAR6BAgKEAE
https://www.google.com.br/search?q=Intensive+rainfalls+and+ionizing+radiation+measurements+in+February+2020+in+S%C3%A3o+Jos%C3%A9+dos+Campos+Brazil+region&tbm=isch&source=univ&sa=X&ved=2ahUKEwjlgafarf7nAhWNErkGHcCtAwgQsAR6BAgKEAE
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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 São Jose dos Campos, São Paulo, 
Brazil. The rains when intense and with short intervals of time causes a sudden increase in 
the intensity of the measured ionizing radiation, in that place [6]. This effect of the increase 
in ionizing radiation can be explained by the increase, with intense and rapid rains, in the 
greeter presence of local radon gas.

2 |  MATERIALS AND METHODS
In these measurements of local ionizing radiation in the energy range between 200 

keV and 10 MeV, the three instruments described below were used: 

2.1 Geiger-China counter
Among the various ionizing radiation counters that have been developed and 

optimized throughout history, the Geiger-Muller counter is undoubtedly the most well-
known and used today. Thus, this was the most obvious choice for the development of 
the experiment. Due to the accessible cost, the Geiger-China counter was chosen and, 
for pedagogical purposes, this counter is as accurate as other more developed ones, as 
demonstrated by Silva et al. (2017),[7].

The Geiger-China counter reads in CPM (Counts Per Minute) and passes the 
information to the Arduino system, which in turn turns it into a table of points to which the 
WebLab user has access. The meter makes no distinction between the type of ionizing 
radiation, that is, the values   shown are the sum of all ionizing radiation in the location, 
including environmental ionizing radiation (integrated radiation).

The Geiger-China tube (Figure 1) is made up of transparent glass whose measures 
are 8 cm long and 1 cm in diameter. The difficulty of using this meter is that the gas inserted 
in your tube detects visible light as well. Therefore, in order to perform good measurements 
of ionizing radiation, the tube must be covered to reduce the interference of visible light in 
the experiments.
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Fig. 1 - Arduino system, associated electronics and Geiger tube – China, [7].

Fig. 2 Measurements of ionizing radiation from 200 keV to 10 MeV using Geiger-China. Green line 
showing the one day smoothed curve for February, 2020.

2.2 Russian Geiger counter
Measurements obtained with Geiger-Russian is better in order to expose and discuss 

with students how environmental ionizing radiation are influenced by some parameters such 
as rain, altitude and others, some experiments were organized using Geiger-Russian as 
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the counter. The Geiger-Russian tube (Figure 3) is made of (aluminum/ceramic) material 
whose measurement is 20 cm long and 2 cm in diameter. As the material that lines the tube 
is possibly opaque to ultraviolet radiation and its size is approximately twice that of Geiger-
China, consequently greater precision in its measurements is obtained. 

Fig. 3 - Geiger-Russian counter (SILVA et al., 2017).

Fig. 4 - Measurements of ionizing radiation from 200 keV to 10 MeV using Russian tube Geiger. Green 
line showing the one day smoothed curve for February 2020.  
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2.3 Sodium Iodide Scintillator
Variation of environmental ionizing radiation as a function of precipitation this work 

discusses how the interaction of environmental ionizing radiation is influenced by ambient 
temperature, and, on rainy days, with radon gas. In order to identify the influence of rain in 
the detection of environmental ionizing radiation, it was necessary to use a more accurate 
detector called the Gamma detector (NaI(Tl))  Sodium Iodide Scintillator see  Figure 5. 

Fig. 5 - High precision Gamma Detector. Sodium Iodide crystal [NaITl)]doped with Thallium.

Monitoring of ionizing radiation, varying with rain, was carried out at the ITA (Figure 
6) located in São José dos Campos, Brazil tropical region. The Gamma detector is in a room 
with an air-conditioned environment (200 C) so that temperature fluctuations do not affect 
the data of the experiment. 
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Fig. 6 - Counting’s per minute of gamma rays radiation in the interval of 200 keV to 10 MeV, from 27/01 
to 06/03 in 2020. The green line correspond to one day smoothed curve.

It can be seen in these February 2020 gamma radiation measurements that 3 blocks 
ce tered on 15000, 35000 and 45000 minutes after start, showed an increase in radiation 
intensity. 

Figure 7 below shows the measurements of the intensity of rainfall at the same 
site every minute, making a total of 287.5 mm in February 2020. The average rainfall 
intensity for February in the last 30 years was 151 mm. In February 2020, the intensi-
ty of rainfall for the place practically doubled. It is observed that in 15000 and 35000 
the rains are very intense reaching the time of 45000 minutes. This fact of correlation 
(rainfall-gamma) is visible from a qualitative point of view, as shown in Figure 6 and Fig-
ure 7 above. In this month of February 2020, Figure 7 shows 4 important rain blocks 
periods. In the same period, Figure 6 shows 4 distinct blocks of the intensity of gam-
ma radiation measured at same local. This fact are considered very important because 
after an accurate calibration of the gamma radiation and rain intensity detectors with 
time, it is possible to monitor rains from inside covered areas with greater facilities.  
So with this low-cost, easy-to-operate experimental system, any group will be able to 
monitor the rain intensity of their home, school and even small towns using a simple gam-
ma radiation detector in this energy range.
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Fig. 7 – Rainfall intensity at each minute in the month of February 2020.

3 |  CONCLUSION 
In February 2020, the variation in rainfall intensity and environmental ionizing radiation 

in the city of São José dos Campos, a tropical region of Brazil, was monitored. February 
2020 was chosen for this study because the total rainfall intensity in that month was twice the 
average of the last 30 years. Therefore, the comparison between the spectrum of radiation 
and rainfall over time with a minimum interval of one minute shows a positive correlation 
between rain and ionizing radiation. It is said that during periods of rain there is a washing 
of radon gas close to the Earth’s surface and an posible increase in ionizing radiation at the 
site overcome With the surface dry for several days and an intense external rain coming in, 
there are always peaks of ionizing radiation well above normal, thus showing the presence 
of radon gas in the region With respect to the environmental radiation monitoring measures 
carried out in this work through Geiger, it was noted that only the Geiger with Russian tube 
was more sensitive to radiation variation as a function of time. However, the Geiger Chinese 
tube only measures the average level of the site, which is 0.25 µSv / h radiation dose.

 
ACKNOWLEDGMENT 

Thanks to CNPq (National Counsel of Technological and Scientific Development) 
and CAPES (Coordination for the Improvement of Higher Education Personnel) by the 
Fellowship Grant Support to the group’s researchers and the ITA Division of Fundamental 
Sciences for supporting this research. Thanks also to INCT-FNA-ITA for supporting this 
research at ITA. 



 As engenharias agregando conhecimento em setores emergentes de pesquisa e 
desenvolvimento 2 Capítulo 6 61

REFERENCES
[1] Bui-van, N. A.; Martin, I. M.; Turtelli, Jr. A. Measurements of natural radioactivity from natural, 
industrial and atmospheric depths.Ciência e Cultura. Suplemento. 1998, 40(7),407.

[2] Fujinami, N. Study of radon progeny distribution and radiation dose rate in the atmosphere. 
Japanese J Health Phys. 2009,44(1), 89-94. Accessed in:https://doi.org/10.5453/jhps.44.89

[3] Grieder, P. K. F. Extensive air showers: high energy phenomenaand astrophysical aspects, 
Springer: Verlag BerlinHeidelberg; 2010.[4] [4] [4] 

[4] Malyshevsky,V.S. and Fomin,G.V. Electromagnetic radiation in the atmosphere generated by 
excess negative charge in a nuclear electromagnetic cascade. Russ Phys J. 2017;59(9):1367-1372.
Accessed in:https://doi.org/10.1007/s11182-017-0918-9

[5] JAYANTHI, U. B., Inacio M. Martin et al. Ground gamma radiation associated with light and rain 
precipitation. In: Acharya S, GuptaS, Jagadeesan P, Jain A, Karthikeyan S, Morris S, et al.editors. 
Proceedings of the 29th International Cosmic Ray Conference; 2005 Aug 3-10, Pune (India). 2005, (1), 
177-180.

 [6] Martin IM, Gomes MP, Ferro MAS, Pinto MLA, Antônio FC. Measurements of X and gamma 
radiation at ground level and their correlation with atmospheric electric discharges and rainfall in 
São José dos Campos, SP, Brazil. World Environment. 2013;3(4):138-141. USA DOI: 10.5923/j.
env.20130304.03

[7] SILVA, M. C.et. al., Ionizing Radiation Measurements using low cost Instruments for teaching 
in college or high school in Brazil. Phys Educ. 2017, 52(6), 064004. Accessed in:https://doi.
org/10.1088/1361-6552/aa8420

Ravisankar, R. et al.Measurement of natural radioactivity in building materials of Namakkal, 
Tamilnadu, India using gamma-ray spectrometry. Applied Radiation and Isotopes. 2012, 70(4), 699-
704. Accessed in:https://doi.org/10.1016/j.apradiso.2011.12.001

[7] Boardman, B. J. Wilmington: Aware Electronic Corp. [Accessed in 2017 Jul. 3]. Accessed in: www.
aw-el.com

[9] Valdir Guimarães – Radiação – Detectores – Geiger – NaI – Fontes, USP FNC 377 – Classroom 
Notes - https://www.researchgate.net/profile/Valdir_Guimaraes2 accessed in january 2020.

[10] Gamma rays detectors from AMPTEK – www. amptek.com accessed in january 2020.

[11] Martin IM, Gomes MP, Ferro MAS, Pinto MLA, Antônio FC. Measurements of X and gamma 
radiation at ground level and their correlation with atmospheric electric discharges and rainfall in 
São José dos Campos, SP, Brazil. World Environment. 2013;3(4):138-141. USA DOI: 10.5923/j.
env.20130304.03.

https://doi.org/10.5453/jhps.44.89
https://doi.org/10.1007/s11182-017-0918-9
https://doi.org/10.1088/1361-6552/aa8420
https://doi.org/10.1088/1361-6552/aa8420
https://doi.org/10.1016/j.apradiso.2011.12.001
http://www.aw-el.com
http://www.aw-el.com
https://www.researchgate.net/profile/Valdir_Guimaraes2%20accessed%20in%20january%202020


 As engenharias agregando conhecimento em setores emergentes de pesquisa e 
desenvolvimento 2 286Índice Remissivo

ÍNDICE REMISSIVO

A

Ações humanas rítmicas  85, 87, 98

Aeroporto  100, 103, 104, 106, 107, 108, 110

Água  15, 27, 28, 29, 30, 31, 32, 33, 103, 115, 122, 124, 169, 170, 171, 172, 174, 180, 181, 
184, 194, 195, 197, 198, 199, 202, 203, 204, 205, 208, 209, 210, 216, 218, 219, 220, 221, 
222, 223, 224, 225, 229, 230, 231, 252, 253, 254, 255, 256, 258, 259, 260, 261, 262, 263, 
264, 265, 266, 267, 268, 269, 270, 271, 274, 275, 276, 277, 279

Análise de conforto humano  85, 97

Análise de vibração  62, 63, 64, 65, 66, 98

Áreas contaminadas  112, 114, 115, 116, 117, 120, 122, 123, 124, 170, 181

B

Background geoquímico  169, 170, 171, 172, 173, 176, 178, 180, 181, 182

Banho termostático  258, 259, 262, 269, 274

C

Cobertura de pilha de estéril  251

Comunicação sem fio  1

Concessões  100, 108, 109, 110, 135

Consumo de água  27, 28, 29, 30, 32, 220

Controle de nível  27, 28, 29, 30, 31

Controle Fuzzy-PID  35

Cultura  27, 61, 138, 139, 140, 141, 142, 143, 144, 146, 148, 149, 150, 151, 168, 232

Curva de koch  1

D

Desativação de atividades  112

Desativação De Atividades  112, 113, 119

Descarte emergencial  197, 198

Desemulsificação  258, 259, 266

Desestabilização da emulsão  269, 273

Desfluoretação  219

Drenagem ácida de mina  184, 252



 As engenharias agregando conhecimento em setores emergentes de pesquisa e 
desenvolvimento 2 287Índice Remissivo

E

Emulsão O/A  258, 259, 269

Energias renováveis  14, 15, 16, 17, 20, 232

F

Fermentação alcoólica  35, 36, 39, 41, 44, 48

Ferro fundido cinzento  62, 64

Fluorose  219, 220

I

IoT  2, 27, 28, 29, 33

L

Lixiviação de metais  183, 185, 186, 187, 193, 194, 195, 252

M

Mancal  62, 63, 64, 65, 66, 67, 68, 69, 70

Maturidade  138, 139, 142, 143, 144, 146, 147, 148, 149, 150

Medição de grandes rios  204

Método do molinete  204, 205, 215

Microrredes  14, 15, 21, 23, 24

Mineração de ouro  197, 251

N

Normas  13, 24, 79, 97, 98, 102, 105, 112, 113, 115, 116, 117, 119, 122, 134, 139, 141, 142, 
181, 195, 203, 281

Normatização  14, 15, 17, 18, 20, 24

O

Organização  15, 28, 128, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 
151, 220

P

Parcerias público-privadas  100, 102, 103, 104, 109, 110

Pisos mistos de edificações  85

Q

Qualidade da energia  14, 19, 20

Quebra da emulsão  258, 259, 261, 264, 265, 269, 273, 274



 As engenharias agregando conhecimento em setores emergentes de pesquisa e 
desenvolvimento 2 288Índice Remissivo

R

Recirculador  62, 63, 69, 70

Residencial  27, 29, 31

S

Segurança  18, 20, 21, 39, 43, 50, 106, 118, 120, 133, 138, 139, 140, 141, 142, 143, 144, 
145, 146, 148, 149, 150, 151

Separação O/A  269

Setor aeroportuário  100, 101, 109

Sistema multivariável  35

Sistemas supervisórios  35, 36

Sustentabilidade  17, 20, 102, 116, 123, 219

T

Tensoativos  258, 259, 260, 261, 262, 264, 265, 266, 268, 269, 270, 271, 272, 274, 275, 
276, 277, 278, 279

V

Vazão  27, 31, 172, 198, 204, 205, 208, 209, 212, 213, 214, 215, 216








