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ABSTRACT
The 222Rn concentration in natural water in different countries usually is about few Bq/L and is the subject of the
National legislation as well as International norms and recommendations. The United States Environmental
Protection Agency (USEPA) established a limit of 11.1 Bq/L for the radon level in drinking water and this limit
is considered as guideline in Canada and many countries of the European Union. This work presents the results
of study of radon (222Rn) concentration reduction in well water using the aeration process developed at the
Laboratory of Applied Nuclear Physics of the Federal University of Technology (UTFPR). The water samples
were collected from a well at Pinheirinho region of Curitiba in 2011. Experimental setup was based on the
Radon Monitor (AlphaGUARD). The 222Rn concentration was analyzed using the software DataEXPERT by
Genitron Instruments, taking into account the volume of water sample, its temperature, atmospheric pressure
and the total volume of the air in the vessels. Initial concentration of radon in water samples was 28,67 Bq/L
which is bigger than maximum concentration recommended by USEPA. The mitigation was performed by
means of diffusion aeration of water samples of 15L during the time interval of 24 hours following a period of 4
days. The efficiency of aeration mitigation was controlled by comparing the activity of radon in aerated water
with reference water samples that were not aerated. Obtained results show very satisfactory decrease of 222Rn
activity in water samples even after few hours of intense aeration.

1. INTRODUCTION
The radon is a radioactive, colorless, odorless, tasteless noble gas, occurring naturally as the
decay product of uranium isotopes and thorium. The most common isotope of radon - 222Rn,
with 3,82 days of half-life, is formed as part of the normal radioactive decay chain of 238U
and is a direct product of alpha decay of 226Ra. Since its origin the radon could be released by
rocks, soils, minerals, and sediments and may also be dissolved in underground water. The
concentration of 222Rn varies according to geology of region and meteorological factors such
as atmospheric pressure, temperature, season of year, etc. [1, 2, 3]. The solubility of radon in
water is about 510 cm3/kg at 0oC and decreases at higher temperatures.
It is well known that more than 50% of the effective annual radiation dose received by a
human being is related to the radon and its progeny. Among main mechanisms that bring
radon inside the dwelling are the soil emanation and radon release from the water. The
consumption of water with high concentration of radon is related to about 11% of risk cancer.
Long-term systematic studies that have been performed in different countries over many
decades have resulted in the explicit conclusion that exposure to radon and its progeny can
cause chromosomal changes, irreversible damage to lung cells of the respiratory system and

possible cancer. This gas is considered the principal leading cause of lung cancer among nonsmokers [4, 5, 6].
The stimulated water aeration is considered by EPA [5] as the best available method for
removal of radon from water. The physical factors that have to be considered for evaluation
of its efficiency are: the time interval of water aeration, the intensity of air flow, the quantity
of water, its surface area, the temperature of water, atmospheric pressure, etc. [7]. As it was
estimated by EPA [5] this mitigation method can reduce by 99% the concentration level of
222
Rn in tap water and according Alabdula`aly [8] this method can reach the efficiency above
97%.
2. MATERIALS AND METHODS
During last years the Laboratory of Applied Nuclear Physics of the Federal University of
Technology – Paraná (UTFPR, Brazil) performed several studies of the concentration of
222
Rn in groundwater from wells and artesian drillings of Curitiba and its Metropolitan
Region. Some samples of collected waters presented significant values of radon concentration
above the limit recommended by United States Environmental Protection Agency (USEPA)
[9] of 11.1 Bq/L concerning the radioactivity 222Rn in drinking water.
Present work presents preliminary results concerning the studies of 222Rn activity reduction in
well water using the aeration process developed at the Laboratory of Applied Nuclear Physics
of the Federal University of Technology (UTFPR). To evaluate the efficiency of stimulated
aeration of water, which has initially high level of radon activity being extracted from the
artesian well, the water samples were collected at Pinheirinho region of Curitiba during the
period of February - June of 2011.

Figure 1. Radon Monitor AlphaGUARD and Aqua KIT in measurements of radon
activity in water.

Experimental setup for radon measurements was based on the Professional Radon Monitor
AlphaGUARD of SAPHYMO GmbH [10] connected to the kit of glass vessels of 100 mL
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(Aqua KIT) shown in Fig. 1 through the air pump. Collected water samples of 15 liters were
tightly sealed to prevent leakage of gas and transported to the Laboratory of Applied Nuclear
Physics (UTFPR) for measurements.
AlphaGUARD instant radon monitor (pulse-counting ionization chamber) shown in Fig. 1, is
a portable, battery- or net-operated detector with high storage capacity which records, using
the integrated sensors, simultaneously with detected radon activity the ambient temperature,
relative humidity and atmospheric pressure. It is very suitable for continuous monitoring of
radon concentration in the range of 2 - 2∙106 Bq/m3.

Figure 2 . Bubble Diffuser during the water aeration in storage bucket.

Water aeration was performed using bubble diffuser of aquarium type shown in Fig. 2. Using
external air pump, high pressure filtered air was injected to stone porous plate that equally
distributed air bubbles in the storage bucket with water sample. The airflow of 10 L/min was
controlled by presision rotameter (Fig. 3). Water aeration was performed using a storage
bucket of 15 liters and was carried out during 4 days. This process separates the radon from
the water more effectively by means of maximizing the surface of air to water contact.
During the aeration 222Rn soluble in water penetrates the bubbles and rises to the surface of
water tank, being expelled to the atmosphere [4, 11, 12].
Fresh water sampling and subsequently, after intense aeration every 24 hours, water samples
of 100 mL were separated and submitted to evaluation. For this purpose, these water samples
were placed for radon activity measurements in appropriate glass vessels (Aqua KIT)
connected to detector through the air pump, which following the recommendations of the
manufacturer [10] and previously performed methodological studies [13], was adjusted to
continuous air flow of 0.5 L/min. Collected experimental data were transferred from the
device to the computer for analysis, which was performed using DataEXPERT software [10].
This software gives a possibility to visualize the experimental data set including radon
activity as a function of time, temperature, humidity, atmospheric pressure, etc., recorded
during each round of measurements.
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Figure 3. High presision rotameter (flowmeter).

The radon concentration in water in Bq/L was obtained by using three principal Equations,
which involve various ambient characteristics such as the temperature T (oC) of water
sample, the diffusion coefficient K and volume of the air in the measurement system.
The 222Rn concentration in the water was calculated (in Bq/L) using following eqution:
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which permitted to convert the measured activity of radon in the air of the system Cair to
radon concentration maintained in sample of water Cwater. In this equation Cbg is the
background concentration of radon maintained in the atmosphere of AlphaGUARD before
the were started, VSystem is the total volume of the atmosphere maintained in system in mL,
VSample is the volume of water sample and K is the diffusion coefficient. The diffusion
coefficient K was calculated following the semi-empirical Equation (2), as a function of
water sample volume and its temperature and the volume of the air in the system, following
the recommendations of AlphaGUARD manual [10] and the results of previous study [14]:
𝐾 = 0.105 + 0.405 ∙ 𝑒 !!.!"#∙!(°!)

(2)

The third equation was used for correction of obtained radon activity in water samples
considering the time interwal t between the water sampling from the well and the time when
measurements were performed at the Laboratory:
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here Cwater is the activity (Bq/L) at the time t after the sample was collected and λ is the
decay constant of 222Rn.
3. RESULTS AND CONCLUSIONS
The results concerning the average concentration of 222Rn in 10 samples of drinking water
submitted to aeration together with associated errors and estimated 222Rn concentration in
water without aeration are presented in Tables 1 - 2 and in Fig. 4. The results were obtained
calculating the weighted average with assigned statistical weight for each water sample and
for every measurement:
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where y is the weighted average, yi is the experimental result for each measurement and pi its
statistical weight.
In this case, standard deviation σy for average radon concentration was calculated as:
𝜎!! =
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Table 1. The 222Rn concentration in water submitted to aeration.
Time of Aeration, [h]
0
24
48
72
96

Concentration of 222Rn, [Bq/L]
28.67
14.49
9.46
5.77
4.35

Error, [Bq/L]
3.10
2.82
2.41
1.93
1.79

In Tables 1-2 and Fig. 4 it could be observed that the initial average concentration of 222Rn in
stidied well water was 28.67 Bq/L. Submitting this water to aeration with air flux of 10 L/min
this level of radon activity was decreased by 49.45% during the first 24 hours. It is interesting
to observe that during following interwasl of 24 hours the reduction of radon activity in water
followed the same tendency reducing its value by half during each 24 hours. Without aeration
following natural decay, radon activity can only be reduced of 16.59 % during the same time
interval.
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Table 2. The 222Rn concentration in water without aeration.
Time of Aeration, [h]
0
24
48
72
96

Concentration of 222Rn, [Bq/L]
28.67
23.91
19.94
16.64
13.88

Error, [Bq/L]
3.10
2.58
2.15
1.80
1.50

Figure 4. The 222Rn concentration in water with and without aeration.
It could be observed that after first 48 hours of aeration the concentration of radon in water
reaches the level (9.46 Bq/L) below the maximum recomended by the EPA [12] of 11.11
Bq/L.
Comparing the results of 222Rn concentration in studied water samples with and without
aeration it could be concluded that during 96 hours using bubble aeration the efficiency of
radon reduction reached almost 70%.
It has to be observed that even using bubble aeration it would be impossible to reduced the
level of global alpha radioactivity in water when it is associated with radium compounds
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soluble in water, which is established by the Ministry of Health of Brazil [15] equal 0.1 Bq/L
in the case of water for human consumption.
Further studies concerning the comparison of different methods of radon reduction in water
such as spray, packed tower and tray aeration are planned. To ensure the quality of obtained
results and improve the statistical and systematic uncertainties present survey will be repeated
using more sensitive experimental techniques and detectors such as RAD7 Instant Radon
Monitor as well as repeating the measurements periodically during the year [16] since radon
activity in water is effected by various physical parameters such as atmospheric pressure,
temperature, etc.
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