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ABSTRACT 
 
This study presents the results of 226Ra and 222Rn activity concentration measurements in well water in the city 
of Curitiba – Paraná State of Brazil. Water samples were collected from 31 wells and submitted to the 
radioactivity measurements in the Laboratory of Applied Nuclear Physics of the Federal University of 
Technology (UTFPR) in cooperation with CDTN-CNEN. Each water sample was submitted to 4 measurements 
of radon concentration with interval of three days. After two months the same samples were submitted once 
again to 222Rn concentration measurements with an objective to evaluate indirectly the amount of 226Ra 
contained in water samples. The 222Rn concentration measurements were performed using AlphaGUARD radon 
monitor (Genitron Instruments) and 226Ra concentration was evaluated using the decay curves of 222Rn. Within 
few hours after extraction about 70% of water samples from monitored wells presented 222Rn concentration 
values above the limit of 11.1 Bq/L recommended by the USEPA. Obtained activity values varied between 1.57 
Bq/L - 215.16 Bq/L for radon concentration, and radium concentrations deviated within an interval of 0.61 Bq/L 
- 6.76 Bq/L. Obtained results showed that the biggest part of 222Rn found in water samples was not originated 
from the 226Ra compounds soluble in water but from gas exhalation by the soil adjacent to the well. The results 
of present research show the requirement of radioactivity monitoring of water extracted from artesian wells at 
Curitiba region and indicate the necessity of mitigation procedure development for better control of global alpha 
radioactivity in drinking water. 
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1. INTRODUCTION 
 
The 222Rn soluble in water is a source of human exposure, mainly because the gas is released 
from tap water and incorporated into the indoor atmosphere [1]. Higher levels of 222Rn are 
found in groundwater and are correlated with the occurrence of high levels of 226Ra in the 
rocks. Crystalline rocks, especially granite, could be a source of high levels of radon 
comparing with sedimentary rocks that usually are associated with lower levels of exhaled 
radon. 
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Curitiba - the Capital of Paraná State is big industrial city located in Southern Brazil. The 
urban area of the city is situated at the First Paraná Plateau located between the Serra do Mar 
Mountain and Devonian Cliff which makes part of the hydrographic basin of Alto Iguaçu 
River. The soil of Paraná, more specifically at the metropolitan area, contains rocks, which 
are mostly classified as metamorphic. At this region could be found a great variety of igneous 
intrusive rocks, including granites and granitoids [2]. This fact leads to the conclusion that the 
soil of Paraná has considerable contribution to the concentration of radon in groundwater of 
this region since granites usually contain significant amount of the precursor (parent) 
radioisotopes as uranium and thorium. 
 
The results of research concluded by EPA's [3] on the concentration of 222Rn in groundwater 
samples of sedimentary rocks show low concentrations in general. On the other hand, the 
same document presented the results of studies of waters in small communities with rather 
high levels. 
 
The upper limit of radioactivity for 222Rn in drinking water proposed by EPA [3] is of 11.1 
Bq/L. This limit was estimated considering the probable contribution of radon released from 
water to the indoor environment. The USA and International limits recommended for indoor 
radon concentration in the air are of 148 Bq/m3 [3] and 200 Bq/m3 [4], respectively. The 
Brazilian Committee on Nuclear Energy (CNEN) the upper limit for indoor radon within 
dwellings of 300 Bq/m3 which corresponds to the maximum annual dose of 10 mSv [5, 6]. 
 
The result of studies performed by the European Commission [7] show that average radon 
concentration level of radon in surface water is below 1 Bq/L. The same study concerning the 
waters in sedimentary rock aquifers presents the values of radon activity within 1 and 50 
Bq/L, the water from dug wells usually has radon activity that varies from 10 Bq/L to 300 
Bq/L and water from crystalline rocks has radon activity levels of 100 Bq/L - 50,000 Bq/L. 
 
Comparing with EPA regulation, the recommendation of the European Commission [7] 
established the maximum limit for radon activity in drinking water of 100 Bq/L, with the 
limit value for intervention 1000 Bq/L considering both ingestion and inhalation of  radon 
contained in water. This value is related to a maximum radon indoor activity of 200 Bq/m3. 
 
It could be observed that international recommendations on the levels of 222Rn activity in 
drinking water are based at different calculation methods and considerations concerning its 
contribution to the indoor environment. However, mentioned above limits are subject of some 
divergences based on the fact that water sources have a small contribution to the 
concentration of 222Rn in indoor environments and are subject of many variables factors such 
as the geology of the area, bottom sediments and inputs from streams, temperature, 
atmospheric pressure, etc., the contribution of water to indoor radon may be significant in the 
areas where the gas content in groundwater is high. 
 
It was evaluated that radon exhalation released from the water represents about 89% of the 
cancer risk and the consumption of water with high concentration of radon is related to about 
11% of risk cancer [8]. The results of this study presented the radon concentration in water of 
rivers and dams in Turkey between 0.33 Bq/L and 1.17 Bq/L. Similar results were found in 
Mexico [9] where measured 222Rn activity in dammed river reservoirs in Mexico ranged from 
0.9 Bq/L to 16.2 Bq/L. Cosma et al. [10] measured 1511 water samples from Romania where 
radon activity were found between 0.5 Bq/L and 129.3 Bq/L, with an average of 15.4 Bq/L. 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

 
 

Table 1.  Radon activity in water samples from different regions of Brazil. 
 

 
Region 

 
N 

Radon Concentration (Bq/L)  
Reference Mean Minimu

m 
Maximum 

São Vicente – São Paulo 
Fountains 

Soil 
Cavity 

 
6 
6 
3 

 
- 
- 
- 

 
8.1 
0.41 
0.72 

 
36 

3.46 
5.85 

 
 

[11] 
 

East of São Paulo State 
Well water 
Well water 
Well water 

 
1 
1 
1 

 
76±7 
26±3 
39±4 

 
- 
- 
- 

 
- 
- 
- 

 
[12] 

Groundwater: 
North 

Northeast 
Midwest 
Southeast 

South 

 
10 
44 
23 
234 
47 

 
88.6 
33.3 
43.8 
150 
229 

 
<2.4 
<1.2 
<5 

<1.2 
<1.2 

 
525 
80.6 
51.6 
3542 
1402 

 
 

[13] 
 

Guarani Aquifer (well water) 
Bocaina 

Catanduva 
Novo Horizonte 

São José do Rio Preto 

 
6 
9 
5 
3 

 
- 
- 
- 
- 

 
1±0.1 

0.04±0.0
1 

5±0.3 
6±0.3 

 
40±2 
27±1 
155±9 
11±1 

 
 

[14] 
 

Region of Lagos 
Fountains and wells 

 
88 
 

 
- 

 
3 

 
75 

 
[15] 

 
 
Table 1 shows the results of some measurements of radon concentration in water samples 
from different regions of Brazil. It could be observed that the radon activity in studied water 
ranges within a fairly extensive limits. 
 
 

2. MATERIALS AND METHODS 
 
Samples of water were collected from wells at Curitiba urban area during the period of 2008 
– 2010. The measurements were performed at the Laboratory of Applied Nuclear Physics of 
the Federal University of Technology – Paraná (UTFPR, Curitiba, Brazil) using instant radon 
detector AlphaGUARD (Genitron Instruments) [16] that is also suitable for continuous 
monitoring of radon concentrations in the range of 2 – 2*106 Bq/m³. This detector (pulse-
counting ionization chamber suitable for alpha spectroscopy) is a portable, battery- or net-
operated radon monitor with high storage capacity which records, using the integrated 
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sensors, simultaneously with detected radon activity the ambient temperature, relative 
humidity and atmospheric pressure. 
 
For radon activity measurements water samples of 100 mL each were placed in appropriate 
system of glass vessels (Aqua KIT) connected to detector through the air pump which 
following the recommendations of the manufacturer [16] and previously performed 
methodological studies [9] was adjusted to continuous flow of 0.5 L/min. 
 
The radon detector AlphaGUARD is based on the optimized design of pulse-ionization 
chamber. In regular operation this detector measures the radioactivity of the air using the 
diffusion of gas through the large surface of the glass fiber filter installed inside the 
ionization chamber. This filter permits that only the 222Rn gas can pass through and prevents 
the products of the radon decay from entering to the ionizing chamber. It also protects the 
ionizing chamber from contamination by dust particles. 
 
Water samples were taken from the depth of about 1.5 m below the level of water surface of 
water using 1000 ml PET bottles in the well. Completely filed PET bottles were tightly 
closed to prevent the entry of air into the bottle as well as to prevent the release of radon from 
it. The sealed samples were transported to the Laboratory of Applied Nuclear Physics of the 
Federal University of Technology – Paraná (UTFPR, Curitiba, Brazil) to be submitted with 
minimum delay to the radon concentration measurements. When the time delay between the 
sample collection and its measurements was significant, the correction was introduced taking 
into account the time interval between the water sampling and the activity measurements and 
the decay constant for 222Rn. 
 
Each water sample was submitted to measurement during the time interval of about 60 
minutes. Such measurements were repeated after time intervals of a few days. The final 
measurement was performed after approximately two months since water samples were 
collected. Detected 222Rn activity levels were analyzed by the computer using the software 
DataEXPERT by GENITRON Instruments [16]. Obtained data were processed taking into 
account the volume of water sample and its temperature, atmospheric pressure and the total 
volume of the air in the vessels. 
 
Subsequently, data were transferred from the device to the computer for analysis. For 
displaying the data in the computer software is used DataEXPERT [16]. This software allows 
visualization of the graph belonging to each measurement, the concentration of radon as a 
function of time, temperature, humidity and atmospheric pressure recorded during the course 
of measurement. 
 
The radon concentration in water in Bq/L was received by the Equation (1) involving various 
ambient characteristics such as the temperature T (oC) of the environment and the diffusion 
coefficient K.  
 

𝐶!"#$% =
!!"#

!!"!#$%!!!"#$%&
!!"#$%&

!! !!!"

!"""
     (1) 

 
where: Cwater is the concentration of radon in water in Bq/; Cair [Bq/m3] is the concentration 
of radon in the air of the system after it has been released from the water sample, Cbg is the 
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background radon activity; Vsistem is the total volume of the measurements circuit [mL] and 
Vsample is the volume [mL] of water sample. 
 
K is the diffusion coefficient which as a function of water sample volume and its temperature 
and the volume of the air in the system was calculated following the semi-empirical Equation 
(2), recommended by AlphaGUARD manual [16] and previous study [18]: 
 

𝐾 = 0.105+ 0.405 ∙ 𝑒!!.!"#∙!(°!)    (2) 
 
The latest results of radon activity in water, taken approximately after two months since 
samples of water were collected and stored in closed bottles, gave the possibility to avaluate 
the radium concentration in those sampes. Considering that after that time the radon reach the 
secular equilibrium, the radioactivity of radium (226Ra) soluble compouns and radon (222Rn) 
became equal: 
 

𝐴!" 𝑡 = 𝐴!!" 1− 𝑒!!"#∙!           (3) 
 
where 𝐴!" 𝑡  is the measured radioactivity of 222Rn after time interval t of few months, 𝐴!!" 
is activity of  soluble in water radium compounds that coud be considering constant during 
the time interval t of few months and 𝜆𝑅𝑛 is the decay constant of 222Rn. It is evident that in 
this case the second term inside the parentheses could be considered negligible. 
 
It has to be mentioned that numerical analysis of experimental data was based at the 
assumption that the radon activity of water samples contain two terms: first originated from 
the initial concentration of radon coming from the soil and rocks and that decrease naturally 
with the time and second originated from the radium chemical compounds soluble in water 
which maintain its activity almost constant during the measurements time interval of few 
months. 
 
The Equation (4) presents the theoretical radon activity decay function used for experimental 
data fitting considering those two terms of initial radon concentration and  222Rn activity 
produced by alpha decay of 226Ra: 
 

𝐴!" 𝑡 = 𝐴!!" 1− 𝑒!!"#∙! + 𝐴!!" 𝑒!!"#∙!    (4) 
 
where 𝐴!" 𝑡  is the measured 222Rn activity as a function of time t, 𝐴!!" is the initial 
(constants) concentration of 226Ra in the water sample, 𝐴!!" is the initial concentration of 
222Rn in the water sample originated from rocks and soil and 𝜆𝑅𝑛 is the decay constant of 
222Rn. 
 
The fitting of experimental results was performed using the program ORIGIN 8.1 with the 
aim to find the parameters (the initial concentrations of 222Rn and 226Ra - 𝐴!!" e 𝐴!!" in 
water samples with their respective errors) that most closely match the set of experimental 
data. 
 
Figure 1 shows an example of fitting procedure applied to the experimental results of one 
sample of well water. On the left side of this Figure could be seen the experimental points 
together with fitting curve that contain two parts referring to the decay of 222Rn and 226Ra. On 
the right side one can see the table of calculated, following the Equation 1, values of radon 
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activity in water sample together with associated errors with respect to the time after the 
water was collected from well. On the right the last row presents the results of fitting 
concerning the initial concentration of 222Rn and 226Ra. 
 
 

 

 Time 
[hours] 

222Rn C  
[Bq/L] 

222Rn 
Error  

[Bq/L] 
First 

measurement 23.87 4.98 5.65 

Second 
measurement 96.33 5.8 4.35 

Third 
measurement 145.22 5.06 3.95 

Forth 
measurement 258.95 8.55 5.31 

Extended 
measurement 2539 0.64 0.78 

Results 

222Rn C 
[Bq/L] 

222Rn 
Error  

[Bq/L] 

226Ra C  
[Bq/L] 

226Ra 
Error  

[Bq/L] 

10.23 5.67 0.87 0.72 

 
Figure 1. An example of experimental data fitting of 222Rn e 226Ra radioactivities in 

water. 
 

 
3. RESULTS AND CONCLUSIONS 

 
Obtained results concerning the average concentration of 222Rn and 226Ra in water samples 
collected from wells at Curitiba Metropolitan Area, together with associated errors are 
presented in Table 2 where the first column lists the water sample from the investigated well, 
the second and third columns present the concentration of 222Rn and its associated errors in 
the recently collected water respectively, the fourth and fifth columns show the fitted activity 
concentration of 226Ra and associated errors in the water sample. 
 
Comparing obtained experimental results with similar studies from other Brazilin states 
(mainly at São Paulo, Minas Gerais and Rio de Janeiro States) [11 - 15] it could be concluded 
that obtained values of measured radon concentrations are comparable. Present study shows 
rather high concentration levels of 222Rn in well water from the region of Curitiba. Moreover, 
about 70% of investigated water samples presented radioactivity of radon bigger than 11.1 
Bq/L, recommended by the United States Environmental Protection Agency (EPA) [3], 
which requires the implementation of mitigation measures for radon reduction in drinking 
water. 
 
It should be noted that show that the main source of 222Rn in water is soil and not soluble 
226Ra compounds. The only one sample of water where obtained 226Ra activity was found of 
6.76 Bq/L is an isolated case and requires further investigation. 
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Table 2. Results of the concentration of 222Rn in well water samples at Curitiba (Brazil). 

 

  

222Rn Concentration 
(Bq/L) 

222Rn Error 
(Bq/L) 

226Ra Concentration 
(Bq/L) 

226Ra Error 
(Bq/L) 

well 01 10.23 5.67 0.87 0.72 
well 02 6.71 1.71 1.03 0.34 
well 03 16.52 4.35 0.83 0.49 
well 04 26.16 5.45 0.99 0.54 
well 05 22.12 7.34 0.66 0.86 
well 06 7.70 3.93 0.61 0.55 
well 07 22.58 4.51 1.35 0.63 
well 08 11.58 1.75 1.40 0.49 
well 09 9.96 3.33 1.05 0.70 
well 10 3.60 1.88 1.58 0.74 
well 11 10.91 4.88 2.51 0.82 
well 12 12.19 3.53 1.12 0.62 
well 13 3.96 2.91 0.72 0.36 
well 14 31.79 3.41 1.63 0.32 
well 15 5.20 1.48 1.91 0.63 
well 16 24.46 6.95 2.01 1.47 
well 17 140.62 31.24 2.54 2.01 
well 18 196.47 47.74 1.59 1.66 
well 19 215.16 55.73 1.77 1.77 
well 20 47.19 14.80 2.18 2.10 
well 21 6.80 3.08 1.66 0.63 
well 22 1.57 1.28 0.69 0.40 
well 23 40.10 19.68 1.25 0.85 
well 24 39.73 20.50 1.33 0.96 
well 25 49.59 23.44 1.52 1.08 
well 26 74.93 2.47 1.70 0.19 
well 27 72.48 22.98 0.50 0.78 
well 28 16.98 5.35 1.84 0.81 
well 29 18.51 2.37 3.73 0.48 
well 30 12.72 4.44 2.56 0.88 
well 31 202.86 13.91 6.76 2.03 

 
At the same time, it should be concluded that almost all investigated samples of water 
presented the level of radium activity concentration bigger than the maximum level of global 
alpha radioactivity for drinking water established by the Norm of Brazilian Health Ministry 
[19], which requires some special attention during the licensing for artesian water drilling. 
 
Some water samples were collected from artesian drillings used by small enterprises and 
factories for industrial usage as for example in pressure vessels and boilers.  This fact 
represent another risk for the health of workers of those industries since they spend rather 
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significant time in the environment polluted by water steam and released radon which is 
associated with increase probability of lung cancer. 
 
Further measurements and studies are planed to improve the statistical and systematic 
uncertainties since almost 50% of present experimental data (Table 2) were obtained with 
rather big errors, which effected the precision of radium activity evaluation. 
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