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Abstract. Few data are available on the dynamic of radon in the air for tropical climate conditions.
The strong influence of the climatological characteristics on the transport of gases and particulates in
air makes not adequate the use of data obtained at regions with different climate. Outdoor and indoor
measurements of radon equilibrium equivalent concentrations (EEC) have been done for one-year
period in Rio de Janeiro. Continuous measurements were performed using a radon monitor with an
alpha spectrometry detector. Pluviometric index, temperature and humidity were registered. The paper
presents the long term behaviour of outdoor radon equilibrium equivalent concentration results, their
correlation with temperature and the influence of the pluviometric index. Maximum values were
obtained during winter and minimum hi summer, strongly influenced by the rain. A strong inverse
correlation with temperature was found.

1. INTRODUCTION

The contribution of the natural source to the average annual effective equivalent dose of
2,4 mSv, about 1.2 mSv is due to radon and its decay products while the rest is due to cosmics
rays, terrestrial gamma rays and radionuclides in the body (except radon). The average
effective dose due to radon, as state above, corresponds to an average global population-
weighted concentration of about 40 Bq.m" for indoors and 10 Bq.m for outdoors [1].
Variations of radon concentration in air may depend on a number of factors, including
geological and meteorological factors. Few data on long term variation of outdoor radon
concentration for tropical climate are available. This information is very important to
understand the behaviour of radon and short lived daughter products in air, to estimate dose
and to interpret the results.

The radon can be estimated from potential alpha energy concentration (PAEC) based on
measurements of individual progeny concentration [2]. In natural environment, PAEC change
with time, with meteorological condition or life style of residents (ventilation of rooms).
A long term study on outdoor and indoor radon concentration was performed in 1996 [3].
Here, the results regarding long term variation of the radon outdoor concentration will be
presented.

2. MATERIALS AND METHODS

This work reports the results of several measurements of outdoor radon equilibrium
equivalent concentration (222Rn EEC). The determination were made by potencial alpha
energy concentration monitor (PAEC) in outdoor air in Barra da Tijuca, Rio de Janeiro, their
correlation with temperature and the influence of the pluviometric index.

Long term variation of outdoor radon EEC was measured hourly from December 1996 to
October 1997 with a Working Level - 200 plus equipment manufactured, by Tracelab
Instruments from Germany. Averaged data are printed out and stored on magnetic disk for
subsequent data evaluation. Temperature and humidity of air were investigated with a
Thermo-Hygrograph (Ota Keiki Seisakusho Co) hourly and continuously recorded. The
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pluviometric index daily were obtained from the National Institute of Meteorology. The
sampling station is located at Rio de Janeiro in the Instituto de Radioprotecao e Dosimetria
(IRD).

2.1. PAEC Monitor

The equipment used for measurements in this study consists of an air filter radon daughter
sampler, a flow meter, a surface barrier detector, and an alpha spectrometer and associated
electronics. An integrated microcomputer evaluates the data and prints the results. The printed
results include the actual energy concentration, and activity concentrations of the radon
daughters 218Po, 214Pb and 214Bi (= 214Po). The WLM-plus uses the ratio of different radon
daughter concentrations and estimates the 222Rn (gas) concentration and the equilibrium factor
with an intrinsic calculation procedure [4].

2.2. Instrument

The PAEC is measured by pumping environmental air through a glass microfiber filter that
collects the aerosol particles. The filter collects short half-lived decay products of 222Rn on its
surface. Simultaneously, the surface barrier detector of the sampler registers the alpha
radiation from the filter. As shown in Figure 1, output signals from the detector are amplified
by a charge sensitive pre-amplifier and a linear amplifier, and then, those are analyzed by
multi channel analyzer.
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Figure 1. Schematic representation the radon daughter sampler.

3. RESULTS AND DISCUSSION

The results for the average diurnal variations of radon EEC during the period from December
1996 to October 1997 are shown in figure 2. Values from 0.5 Bq.m" in summertime to
50 Bq.m" in wintertime were found. It can be observed the strong variation of the average
daily 222Rn EEC as a function of the time in the year. Maximum values were observed during
the months of winter (June, July and August) and minimum during summer (December and
January).
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Figure 2. Average Daily Variation of Outdoor Radon concentration from December 1996 to October
1997.
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Figure 3. Weekly variation of radon Concentration and Rainfall rate.

The annual arithmetic mean 222Rn EEC obtained during the sampling period is 12 Bq.m"
± 9,6 Bq.m"3 but better ajusted to a lognormal distribution (GM -7 Bq.m"3; GSD - 3 Bq.m'3).
The values obtained are typical from normal low background areas. [1]. In United States an
average outdoor radon gas concentration was estimated for normal areas in 9 Bq.m-3 [5].

Figure 3 presents the pattern of the radon EEC variation together with the rainfall rate during
the same period. It can be observed that the lower values of radon concentration during the
summer is related to the strong increase of the precipitation rate, characteristic of tropical
climate. Consequently, there is an increase in the soil humidity, that blocks the soil pores and
creates a physical barrier to radon diffusion, with the consequent reduction of gas exhalation,
hi addition to this and due to the high solubility of radon in water, the rain will transport the
radon to deeper soil layers. In the other hand, during winter, when dry season occurs, radon
concentration in air presents the highest values [3,6].
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Figure 4. Daily variation of outdoor radon concentration and temperature.

Hour

Figure 5. Hourly radon variation.

Figure 4 shows the daily variation of radon concentration and temperature. It is observed an
inverse association between temperature and radon EEC, this pattern has already been
proposed by Porstendorfer [7]. A Statistical correlation using time series analysis between
radon concentration and temperature was applied. The observation of an inverse correlation
with a delay of three hours was confirmed. Since most of the radon in air comes from soil
exhalation, changes in meteorological conditions, such as temperature, need some time to
generate in the soil changes in the emanation and exhalation rate and consequently on the
radon in the air. This mechanism has an influence on the radon variability during the day as
shown in Figure 5 [3], where the hourly mean values can be observed.
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Figure 6. Times Series Correlation between radon and temperature.

o
o
d

o
o
<\i

o
o

o
o
CD

o
o
66

o
o
d
T -

o
o
c\i

oo o
o
CD
T—

o
o
66

o
o
d
CM

o
o
csi
CM

Hour

Figure 7. Hourly Radon Variation.

Radon concentration shows a maximum in the morning and a minimum in the afternoon.
Generally speaking, early morning atmospheric temperature inversions lead to a stable
atmosphere which restricts vertical mixing, consequently, maximum average radon
concentrations occur at this period of the day. After sunrise, solar radiation heats the ground
and causes the lower atmosphere warming. As a consequence, vertical mixing increases and
leads to a decline in radon concentration in the afternoon [8].
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CONCLUSION

The data are enough to give some information about the radon EEC behaviour under tropical
conditions. A seasonal pattern, with higher values in winter and lower in summer was
observed. It was also observed a strong inverse correlation of radon EEC with temperature.
This results are very important on the planning of measurements and dose assessment,
however more data are still being collected.
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