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ABSTRACT 
 
Radon is an inert noble gas, which comes from the natural radioactive decay of uranium and thorium in soil, rock 
and water. Radon isotopes emanated from radium-bearing grains of a rock or soil are released into the pore 
space. Radon that reaches the pore space is partitioned between the gaseous and aqueous phases. Thus, the 
groundwater presents a radon signature from the rock that is characteristic of the aquifer. The characteristic 
radon concentration of an aquifer, which is mainly related to the emanation, is also influenced by the degree of 
subsurface degassing, especially in the vicinity of a tube well, where the radon concentration is strongly reduced. 
Looking for the required pumping time to take a tube well water sample that presents the characteristic radon 
concentration of the aquifer, an experiment was conducted in an 80 m deep tube well. In this experiment, after 
twenty-four hours without extraction, water samples were collected periodically, about ten minutes intervals, 
during two hours of pumping time. The radon concentrations of the samples were determined by using the 
RAD7 Electronic Radon Detector from Durridge Company, a solid state alpha spectrometric detector. It was 
realized that the necessary time to reach the maximum radon concentration, that means the characteristic radon 
concentration of the aquifer, is about sixty minutes. 
 
 

1. INTRODUCTION 
 
Radon occurs naturally in all groundwater with varying concentrations depending on 
lithology and geological structure. It is a naturally occurring radioactive formed in the decay 
series of uranium and thorium produced continuously in rocks and minerals. As an inert, a 
noble gas, it do not form chemical compounds [1]. Chemicals elements and some 
radionuclides in aquifer water comes from the lixiviate elements that was dissolved by water 
flowing through to the porous rocks and soils. Thus, the physical-chemical composition of 
groundwater from fractures and porous soil and rock is a result by mineral enrichment of the 
water from the hydrological cycle – air, surface and ground – and its the aquifer residence 
time [2]. But the presence of radon isotopes and 234U in groundwater is mainly due to the 
atom recoil in the alpha decay process of radium presents in the grains of rock and soil. Thus, 
most part of radon concentration in groundwater is not directly resulted from dissolved 
radium decay, knowed as unsupported radon. Radon generation and transport in porous 
materials involve solid, liquid, and gas phases in the processes of emanation, diffusion, 
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advection, absorption in the liquid phase, and adsorption in the solid phase. Most aspects of 
these processes have been characterized individually. However, practical applications require 
a unified theoretical framework that considers the processes simultaneously [3]. The aim of 
this study was to evaluate the required pumping time of tube well to obtain water samples 
with the aquifer radon concentration characteristic. 
 
The study area is shown in Figure 1. The point “P” is the studied tube well. It is located in 
hard rock crystalline embasement that is composed by not weathered rocks of the Belo 
Horizonte Complex where leucocratic rocks predominate, with colored from light gray to 
whitish, fine to coarse granulation, composed mainly of quartz, feldspar, biotite and 
amphibole, that corresponding to the description of the Gneiss Belo Horizonte. The crystalline 
substrate has no outcrops in the region of study, and it is overlaid with a mantle of alteration 
composed by products resulting from action of weathering agents on the constituents rocks of 
Belo Horizonte complex. This mantle is a unit saprolite resulting from changes in metabasic 
rocks and gneisses, and prevails characteristics of the gneisses change, that has texture 
predominantly sandy to sandy-clay, but with variations from coarse sands to clays, reflecting 
an heterogeneous textural character even with the predominance of the change in coarse-
grained gneiss with reddish pink, sometimes with whitish levels due to the presence of kaolin. 
The metabasic rocks generate a saprolite more cohesive and clay, reddish brown. The 
weathering mantle is covered by little thick residual soils and clastic deposits of the 
superficial formations [4]. 

 

 
 

Figure 1.  Localization of the tube well on the 
geological sketch of the study area. 
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The hard rock crystalline embasement top occurs in the Engenho Nogueira Stream floodplain 
to 30 - 50 m deep. Because of this, in the region, during the drilling of wells were intercepted 
fractures in the embasement. From the hydrogeological point of view, the area of interest is 
inserted into the Belo Horizonte complex aquifer system, characterized as the top free, 
heterogeneous and mixed aquifer, ie, porous granular in its more superficial portion, 
corresponding to the mantle of weathering and the alluvial-colluvial deposits of the surface 
formations, and fissure in its fractured rock embasement [4]. 
 
In general, soil, surface and ground water and plants reflect the mineral and chemical 
composition of the geological substrate, and this relationship is often used in the mineral 
deposits exploration. Minerals and rocks of different typology are part of the geological 
environment, formed by natural chemical elements. These typology have a non uniform 
distribution of chemical elements in soil, water and air, particularly given the dynamic action of 
external agents - weathering, erosion, transport and sedimentation - the same element may be 
more abundant or more scarce in certain geographic areas. When in the free state, especially the 
effect of the interaction of minerals with water, the chemicals pass from land to water - surface 
and underground - and also the opposite [5]. Due to different geological compositions and 
processes mineralization of an aquifer - lithology and pedology - groundwater has a diverse 
composition that can determine the quality, storage capacity and speed of water in the aquifer. 
 
The understanding of hydrological flow and river flow generation has gained an increasing 
importance in a wide range of studies for water resource, contaminant transport and 
geochemical and even biochemical issues. 222Rn is used by Antoine Kies for distinguishing 
between saturated zone water and unsaturated superficial water because the former usually 
has a much higher radon content than the latter. Water in unsaturated zones may lose much of 
its radon to the atmosphere by degassing to soil air, whereas water in saturated zones 
generally retains most of its radon. Thus, the superficial water that enters a saturated zone 
acquires the 222Rn signature of the rock and soil underground at a rate controlled by the 
retention time and the radioactive decay, allowing that superficial considered groundwater of 
the saturated zone after several days [6]. 
 
In this study, determining the radon concentration in groundwater over two hours of pumping 
a well, intended to find the pumping time required to collect water that has characteristic 
radon concentration of the aquifer, and consequently, the least interacted with the air and the 
soil of the aquifer zone with most radon emanation, enabling a more comprehensive 
assessment of groundwater and of its aquifer [2,7]. 
 
 

2. MATERIALS AND METHODS 
 
 
Radon can reach relatively high concentrations in groundwater but it degasses rapidly in 
surface waters. Therefore, water samples were collected by having a tube attached to the 
faucet at the outlet of the pump, feeding water directly to the bottom of the vial, inserted 
upside down in a bowl until it overflows, allowing the exchange of water in the vial for 
another that had not entered into contact with air. 
 
Then, the monitored tube well has elevation of 821 m, 80 m of depth, static level of 8.10 m 
(812.90 m elevation) and dynamic level of 21.84 m. The saturated thickness of the granular 
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aquifer is 26.90 m, which added to the static level of 36 m results in total thickness of the 
granular aquifer [4]. 
 

 
 

Figure 2.  Representation of the tube well. 
 
 
During two hours of extraction of water, 11 samples were collected. The samples were 
collected in glass bottles of 250 ml, and no acid addition was necessary for preserving the 
samples, because the radon is not adsorbed on the walls of the used containers. Just after, the 
measurements process were started in the equipment RAD7 with the RAD-H2O accessory. 
This accessory for the RAD7 enables to measure radon in water over a concentration range of 
from less than 370 Bq·m-3 to greater than 3700 kBq·m-3. Radon gas is mildly soluble in water. 
But, being a gas, it is volatile. It tends to leave the water upon contact with air by process that 
knows as aeration. The RAD-H2O method employs a closed loop aeration scheme whereby 
the air volume and water volume are constant and independent of the flow rate. The air 
recirculates through the water and continuously extracts the radon until a state of equilibrium 
that develops within about 5 minutes, after which no more radon can be extracted from the 
water. The extraction efficiency, or percentage of radon removed from the water to the air 
loop, is 94 % for a 250 ml sample [8]. 
 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

     
 

Figure 3.  RAD-H2O Closed Loop Aeration 
Scheme and the equipment in use. 

 
 
The RAD 7 microprocessor calculates the sample water concentration by multiplying the air 
loop concentration by a fixed conversion coefficient that depends on the sample size. This 
conversion coefficient has been derived from the volume of the air loop, the volume of the 
sample, and the equilibrium radon distribution coefficient at room temperature [8]. The results 
were corrected by the radon radioactive decay during the elapsed time between collecting and 
counting. 
 
 

3. RESULTS AND DISCUSSIONS 
 
 
As observed, due to the gneissic embasement in the aquifer area, the concentrations of radon 
found in well water were high, according shown in the Table 1. During the test, the maximum 
concentration was Cmax = 196.8 kBq·m-3, at the 45 minutes time, and at beginning of pumping, 
the minimum value was C0 = 114.2 kBq·m-3. 
 

Table 1. Measurements of Radon Concentration 
 

Time 
(minutes) 

Radon Concentration 
(kBq·m-3) 

Error 
(kBq·m-3) 

0 114.2 3.6 
5 138.0 3.7 
10 147.6 5.4 
25 170.4 7.8 
45 196.8 6.9 
60 191.4 3.4 
75 177.6 10.0 
90 196.0 7.1 
105 192.3 9.4 
115 187.1 8.0 
120 187.2 2.1 
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These results, when plotted on the graph shown below, suggest an exponential increase in the 
concentration of radon in tube well groundwater. The mean concentration is equal to 

C  = 172.6 kBq·m-3, and it is lower than Cmax, the maximum value found. To define the 
adjustment curve closer to the experimental values found, it was necessary to use the 
maximum measurements mean, i.e., the radon concentrations that form the curve plateau, 

resulting in the C max = 189.8 kBq·m-3. 
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Figure 4. Increase of radon concentration in 
groundwater of a tube well. 

 
 
The difference between the maximum and minimum value is d = 82.6 kBq·m-3, but to find the 

curve fit equation, should to use the difference between C max and C0, ∆C = 75.6 kBq·m-3, 
obtained by equation 1. 
 

0max CCC −=∆  (1) 
 
In the equation 2, that defined the curve fit, Ct is radon concentration in the instant t, C0 is the 
minimum radon concentration, and a = 0.07 is a constant. This steady value is resulting by 
aquifer proprieties, such as porosity, permeability, temperature, the radium concentration in 
the aquifer soil, radon emanation rate and principally by degree of subsurface degassing. 
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The average activity concentrations of 222Rn (C max = 189.8 kBq·m-3) in water are higher 
than the limit reported by USEPA for drinking water as 11.1 kBq·m-3 [9]. The comparison of 
average activity concentrations with the different parts of Brazil and the world is shown in 
Table 2. 
 
Table 2. The activity concentrations of 222Rn in water samples compared with different 

parts of Brazil and the world 
 

Location 
Maximum 
(kBq·m-3) 

References 

Belo Horizonte / MG 196.8 Present study 
Recife / PE 83.7 [10] 

Campinas / SP 76 [11] 
Curitiba / PR 196.0 [12] 
Lucrécia / RN 84.1 [13] 

Italy 27.4 [14] 
Luxembourg 25 [6] 

 
 

3. CONCLUSIONS 
 
 
The activity concentrations of the natural radionuclide 222Rn were measured in water of a tube 
well in crystalline embasement of Belo Horizonte Complex by using the RAD 7 Electronic 
Radon Detector from Durridge Company, USA, a solid state alpha spectrometric detector. 
Carrying out for determining the minimum pumping time required to obtain reliable water 
samples of the aquifer, that contains the characteristic aquifer radon concentration, the 
experiment has presented a minimum time of about sixty minutes for the set, aquifer and 
pumping system. Looking at the graph in Figure 4, it appears that after about 45 minutes 
samples can be taken in the aquifer with characteristics radon concentrations, but when 
possible, to be sure, it is recommended to wait 60 minutes. This experiment should be 
repeated in each set, tube well and pumping system, in the same way in order to get 
representative samples for applications in acquiring informations about radionuclides contents 
of aquifers. 
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