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ABSTRACT

During the year 2011, the ongoing work of monitgrite intensity of gamma radiation (30 keV to 10Wle
some of this radiation surges increasing were elseiThere were no lightning or electrical disclesayer the instrument
of measures in the period time and area. As wasreed strong wind arriving from the southeast after also heavy
rains coming. A typical case described in this papas witnessed by the authors on November 28, 201117:46 local
time, with a sudden and sharp increase in gammiatiaal intensity on site. The vertical electriclfiantensity in the
region is monitored and that increase period wased through rapid variations but small inteasitit is suggested that
the source responsible for producing this abruptease of gamma radiation at the site is the poesehradon gas (Rn-

222), coming up with the intense rain in the regii$ado Jose dos Campos in State of Sdo Pauld).Braz
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INTRODUCTION

The alpha, beta, X and gamma low energy (30 kelOtdeV) radiation, present in the local environmeoil-air

interface depends mostly on:
« Presence of local radionuclide’s from the threéesenf disintegration and radioactive potassiti)(
» Secondary cosmic radiation,
 Radon gas in local place,
» Radiation produced by humans.

These radiations are ionizing, has enough energyrip electrons from the atom (~ 12 eV). The backgd of
this integrated ionizing radiation in a given ragis the sum of the four components described abbhis land-based
radiation of local geology decay is caused by tred series, namely:Uranium-238%(), Actinium (**U) and Thorium
(**%Th), (Bui-van, Martin and Turtelli; 1998). In eadkcay nuclei emit radiation type alpha, beta, X andamma. These
sequences give cores radioactive isotopes natateites belonging to each of the above radioactres or families
(Martin, 1.M., 1982). The Uranium-235 has a halélof 713 million years while the Uranium-238 hakadf-life of 4.5 x
10° years. This means that there is a lower percerthgeanium-235 relative to Uranium-238. Howevedaherefore the
Uranium-235 is more "consumed" than the Uranium-ABBaster's Thesis A. A. M, Lima, 2007).The othewpobrtant
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source of ionizing radiation in the soil-air int&e€ in the region is the presence of radon ga2@)-who is also coming
from the disintegration of Uranium - 238 seriesd®agas decays int6'#Po,*Pb and®*’Bi) these being measured in the
air and local soil. In general radon gas is presénays in the rain with winds that arrive befohe tcold fronts. These

rains in general are always intense and living witinse volume of radon gas.

The alpha radiation, beta, and X - gamma rays ftben secondary cosmic radiation produced in the lowe
atmosphere is somewhat variable as a functionnué.tHowever its intensities depends on the latitade altitude with
reference to the earth's surface (Martin, 1.M; Ehés Specialité, University of Toulouse, France7 1P The secondary
cosmic radiation produces true "long showers" plasi of compounds and energy photons that reackahth's surface

causing ionization in the environment.

The artificial ionizing radiations are those prodddy humans in medical and odontological laborasonuclear
accelerators. However, these radiations are cahfineprinciple controlled in a given region. In Rilathere is no
knowledge, considering nationwide, the percentagasurement of ionizing radiation from soil, rad@esmic and
artificial. In Portugal, for example, these date aell known, that is: Radon 56%; Soil 8.0%; CosB2%; artificial 17%
and others 11% (Master's thesis Abilio Alberto M Lima, University of Coimbra, January 2007, bgat). The
sodium iodide detectors activated with Thallium aeey sensitive to X - gamma radiation of low enyengentioned above.
Cosmic radiation consists of particles and energgtgns that is measured by Geiger counters and stdie detectors
sodium iodide and plastic scintillators type NE10&Ad neutron detectors (Thése Docteur d Etat, Wsityeof Toulouse,
Martin, 1.M; Jun of 1974, France).

MATERIALS AND METHODS

The measuring of environmental ionizing radiatioerevperformed in the soil-air interface, near tlep&rtment
of Physics of the Technological Aeronautical Ingét(ITA), Sdo Jose dos Campos, SP, Brazil. Thesurements were
performed during January to December 2011 all énsdime location. Were used two detectors scimtifadodium iodide
Nal (TI) (3 "x 3") acquired from Ludlum Measuremsmihc., USA (ref. 6,7). A unit after calibration tine laboratory with
radioactive sources was placed to measure theratgzfjcount rate of X and gamma radiation betweengy( 30 keV to
10 MeV). The other unit is coupled to the systemMDA (Multi Channel Analyzer) and a high voltageuste (HV)
power supply with data acquisition (M PC USB MCA37B8024 CHANNEL (3 "x 3") from Ludlum Measurementg|,
USA). This set (high voltage and MCA) is powered dyaptop PC via the USB port of the computer. Wemitored
throughout the year 2011 the spectrum and the rated counts rate from (30 keV to 10 MeV). All tdetectors have
calibration certificates made by the same manufactdescribed above. The files (.txt) containing #nvironmental

ionizing radiation measurements versus time wasrded on laptop PC (ref. 8,9 and10).
RESULTS AND DISCUSSIONS

During monitoring of gamma radiation was obtainedlifferent energy spectra and in the integratathting rate
always in the same energy range (30 keV to 10 Ma¥g function of time (minutes) in the same $itgure 1 shows the
integrated score (counts rate/min) obtained dutimg period from 28 November to 5 December 2011 thext

demonstrates this phenomenon (rain precipitatitaee with X and gamma radiation).
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Figure 1: The Monitoring Series of Integrated Intensity of the Caints Rate ¢ X and Gamma Rays
Confirming the Radiation Peak Interval during the Wind and Rain over the Detector Regiol
A heavy rain reached the detector region causisgdaen increase in gamma radiation at around l4def&tve
to background radiation measured in the regionufgéi@ shows precisy part of a maximum of ionizing radiation tir
(17:46 local time), the local vertical electriclfiesaried between + 8((V / m). This figure shows that there is no lightn
at that time in the region. Also the electrons &reged by this potenticenergy difference are not sufficient for lo

production of X or gamma rays near the site of cets
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Figure 2: Vertical Electric Field Intensity Measuredat the Site (+6000 To6000)V/M
in the Radiation Detector Array UsingGMT Time, (See Ref. 11)
In Figure 3 we observe in greater detail as a fanaf time this increase occurred near ~17:46llto® that is
19:46 GMT, according to Figure 2, coinciding wittetmaximum electric field variation also measuretha same tim
and location.
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Figure 3 Integrated Counts Rate of lonizing Radiation Minutes before ad after the Event (Black=1 Min.,

Green=3min., Blue=10min., Red=60min.), Local TimeNote Maximum Radiation at 17:46LT

The abrupt increase in the measured intensity winga radiation ¢ shown in Figure 3 indicating that the begir
the cold wind carries water droplets reaching tkeéector location dropped suddenly and wintense quantity. This
phenomena being observed in the day and hour byobttee authors (I. M. Martin), amoung to near 60 minutes of
increased radiation, this time duration of heavp @n site. The intensity that time measured redch& 7% of norma
local value level background. The return to noringgnsity level took just over 30 minutes, an antaaireadynoted in
the article (see ref. 11), steps here observeldendgion. As time average life radon decay is 8@g becomes diffict

to gauge where does this gas coming.

We investigated others periods dui the 2011year where this phenomenon occur In Figure 4 it is showing
the monitoring of intensity of gamma radiation fr@® March to 29 April 2011. Only five occasionsréhevas increase
radiation during that month however the biggest weee only 6.3% above the normal level of the backgd masuring.

The intensity of rainfall that month was also rislaly small

gamma_ 29 march to 29 april 2011_ITA
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Figure 4: Correlation between Arrival of Rainfalls and Increasing Intensiy of X and Gamma Ray:

gamma counts /min

:

In the period from April to August 2011 there was nain in the region and the ailas very drier with relative

Index Copernicus Velue: 3.0 - Articles can be sent teditor@impactjournals.us |




Radon Gas and Increasing Intensity bGamma Radiation Near 35
Ground Level Interface on 2011 m S&o José Dos Campos, Sp, Bre

humidity below 30% coming. In Figure 5, as a typierample, it is shown how the dynamics of variedi@nmental
measurement radiation intensity with time during {eriod presenting clearly day and night cycles/pked byrelease

of local radon gas.
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Figure 5: Variation of Environmental Radiation in the Dry Season in theRegion.Note Perfectly
Periodicity of 1 Day Due b Local Presence of Radon Gg(Black = 1min and Red = 60 Min
Between 14 to 28 May is observed clearly diurnatiateon (cycle 1 day) phenomenon produced by
accommodation of the local atmosphere (n— dayeffect) due to large temperature difference.r&@leno rapid increas
in radiation as in periods of rairlowever besides the variation of diurnal cycl&rayer time variation appears. In Aug
it was found that the first rain after a long pdriaf soil and dry air, an increase of 9.5% was mess During this mon
the rains were scarce and the huryidiias very low also reaching 30%. The two rainshef month were reported in tt

monitoring and the increased environmental radiatvas observed as shown in Figur
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Figure 6: Variation of Environmental Radiation for the Month of August 2011,
with Onset of the RainsOnly Two Intensive Rains Appeared in thisMonth
In October after the 13th day the rains were fretj@ad where observed an increase 13% above theah

background level. Figure 7 shows the variationmfimnmental radiatiomeasured during this peri
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Figure 7: Variation of Environmental X and Gamma Radiation
for October 2011 (Black= 1 Min. And Red = 12min)

During November 2011, there wasno rain in the negi®etween 17 and 25 days, there was only a heaiay r

shown in Figure 8. The increase regarding the lrackgl radiation level has reached near 8% forrtiusth.

OO —y gamma_11_17_2011 to 25_ita

L heavy rain

gamma countsl min

day

Figure 8: Variation of Environmental Radiation for Period from 17 to 25
November 2011 (Black = 1 Min., Green = 12 Min. anRed = 60 Min.)
As this period was no intensive local rain, theralso the phenomenon of one day cycle. Note figaintensity
spent ~ 8%, from an average of 30000 to 31000 sopet minute to a value greater than 32750 coustsrpnute of

sudden growing in intensity. After several minutes average returns in its normal value for théomeg

In Figure 9, we observe the existent environmergdlation between 5 and 15 December 2011. In taisog
only one heavy rain was measured and the incre8e3% of X and gamma radiation relatively to notrevel with

possibly radon gas that was observed (ref.11 and 1
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Figure 9: Variation of Environmental Radiation between 05 to 15
December 2011 (Black = 1 Min and Red = 60 Min.)
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Figure 10: The Energy Spectrum for One Day in July2011 without Rain on Local,
See (Potassium 1, 46 Mev and Thorium 2, 62 Mev) Mo&bundances Radionuclides in Region

Figure 10 plots the spectrum up to 3.0 MeV regaydinergy function in the same location of measurgsme
representative of the region (primordial radiatios)ng the same sodium iodide detector coupled @AMult-Channel-
Analyser). Note that this spectrum shows for thgiae the radionuclides emitting gamma radiatiorthe energy range
considered. The peak 8K (1,46MeV), is what most influences the spectratiofved by Thorium £2Th) in energy 2.62
MeV and*“Pb and?“Bi) in the energies of 0.609 and 1.2 MeV. During ttourse of the entire year of 2011, it was
measured energy spectrum with local environmeaidibtion, each week over a 1-hour integration tirigure 10 shows
the averaged values in intensities of radiation ianehergy from 30 keV to 3,0 MeV. Note in Figur@ that peaks of’K

and®*®Tl is representative of abundances in the region.

CONCLUSIONS

It was measured in the region of Sdo José dos Cang#y Brazil, on November 28, 2011, a significaotease
in radiation levels range between 30 keV and 3. Mssing integrated counting rate per minute. \\&® aheasured in the
same day and hour the electrical field showingrttaximum change in the place of vertical componérelectric field,
with increased from + 800 V / m was observed. Adciobnt coming from the south pole to Sao José @aspos with
strong to moderate winds causing heavy rain omegb®n above gamma radiation detector. It was nredsan increase of
about 14.7% more than the background noise level ofhis radiation in the region, the most intense observed
throughout 2011, should be attributed to the preserf radon gas in the rain (water droplets). Tads is also confirmed
by the absence of lightning that day in the regibmeasures and in the same time. The increasisgreétion at that time
and the fall of the radiation intensity to the Iblevel were well determined and compared with ptineasurements. On
the day and time the heavy rain preceded by agtnnd arrived at the place of the detector theas wo lightning in the
region, a phenomenon that would cause the presgihgamma radiation of low energy. The variationatfospheric
vertical electric field was also small (+ 800 V J),rimdicating no presence of lightning or electridescharges in the area.
The presence of radon gas in the cold front edgm the south pole cause a sudden increase in diegioa intensity in
the order of 14.7% compared to the normal backgtmoise (see Figure 3). Such as radon gas thrdwghdecays also
emits gamma radiation in the range of 0.60 to 1124, it will add the land-based component beinglent in integrated
counting as is shown in Figure 3. Other occurresfcancreased intensity of gamma radiation was aeythroughout
2011, but with lower relative percentage of inceetisat the November 28, 2011 discussed here witle mhetail. So it is

confirmed by this measurements a dynamic of gasma¥ and gamma radiation and rainfalls in the oagdf S&o José
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dos Campos, SP, Brazil during year 2011.
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