
Radon Exposure in Abandoned Metalliferous Radon Exposure in Abandoned Metalliferous 

Mines of South AmericaMines of South America

A. A. R. da Silva1, R. M. Anjos2, N. Umisedo1, D. L. Valladares3, 

H. Velasco3, M. Rizzotto3, E. M. Yoshimura1

1 Instituto de Física, Universidade de São Paulo, Brazil
2 Instituto de Física, Universidade Federal Fluminense, Brazil

3 Instituto de Matemática Aplicada San Luis, Universidad Nacional de San Luis, Argentina



� The purposes of this work are

– The use of radon and others natural radionuclides as tracer 

of geological process;

– Health risk assessment from exposure to natural 

radionuclides in underground environments.

ObjectivesObjectives



� Naturally occurring radionuclides of terrestrial origin are present in significant 

quantities in granitic and sedimentary rocks.

� Thorium, uranium, and potassium concentrations are intimately related to 

their mineral compositions and general petrologic features:

– Dark-colored minerals tend to incorporate high concentrations of 238U 

(226Ra) and 232Th decay series in their crystalline structure.

– Light minerals such as quartz and feldspar may contain relatively high 

concentrations of 40K.
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� Potassium–thorium cross-plot can be used for the recognition of heavy 
and clay mineral associations and the discrimination of micas and 
feldspars.
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� When 226Ra disintegrates, a 222Rn atom and an α-particle are formed.

Radon in underground environmentsRadon in underground environments



�
222Rn can leave the mineral grain and 
enter the porous between the grains.

� From the pore space radon atoms migrate 
along microcracks, fractures, and tunnel 
volumes either by diffusion or forced flow.

� Variations in the radon flux are caused 
only by physical factors, since it is not a 
reactive species. Hence, the 
characterization of the radon flux in an 
environment can give valuable information 
on dynamical transport processes.

Radon in underground environmentsRadon in underground environments



� Radon tends to disperse in the external environment, but its levels can 

increase in areas with low air movement, particularly in enclosed spaces.
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Underground environments are traps for radonUnderground environments are traps for radon



� In caves and mines, the radon transport processes depend on the 

configuration of the underground cavities, passages, shafts and other 

communications to the exterior, such as fissures and fractures. 

� Underground radon transport can be described by the following diffusion-

convection equation:

(1)

(diffusion)      (convection)       (decay)   (release)

where C [Bq m-3] is the radon concentration, Deff [m2 h-1] is the effective diffusion coefficient of radon, V [m h-1] 

is the air velocity, λ = 7.54 10-3 h-1 is the decay constant of radon and φ [Bq m-3 h-1] is the source term. 
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� Under steady conditions and assuming the contour condition [C(0,t) = 0], 

the radon concentration activity at any distance, x, from the entrance of a 

simple tube, with constant cross section and air velocity, is given by: 

(2)

Where 
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� A single tributary entering a tube of constant cross section in x1 would 

increase the velocity from Vo to V1. If mixing of the two air streams were 

immediate, then

(3)

� Where      is activity of the tributary air and     the activity of the main flow 

just upstream given by insertion of x = x1 and V = Vo in equation (2). 

Then, 

(4)
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Natural radon tracer methodNatural radon tracer method

1 - constant flow 
along the tube

2 - the effect of a 
tributary with lower 
radon concentration 

at X1

3 - The effects of 
several tributaries



� These natural radionuclides are sources of both external and internal 

exposure.

� The external exposure is caused by γ-rays from radionuclides of 40K 

and 226Ra (238U) and 232Th decay series, while the internal exposure is 

mainly caused by α-particles due to inhalation of radon and their short-

lived products, which are deposited on the respiratory tract tissues. 

� The human exposure to high concentrations

of radon and progeny can result in an increased

risk of developing lung cancer.

Assessment the health hazard Assessment the health hazard 



� The estimation of the contribution of radon to the effective dose rate 

depends on the radon concentration and on a series of parameters

related to aerosol concentration, local ventilation, atmospheric

conditions, equilibrium between radon and progeny etc.

� ICRP recommends the use of a radon concentration of 1.5 kBq.m-3 as 

the upper reference level in work places, corresponding to an effective 

dose of 10 mSv.y-1 for full time work in that environment with usual 

ventilation conditions.

Assessment the health hazard Assessment the health hazard 



� Site description: 

– Two exhausted and abandoned mines in San Luis Province, 

Argentina, which are open for touristic visits.

– These mines were chosen because they have different physical 

configurations in their cavities, features which can affect the airflow 

patterns and radon concentrations.

MeasurementsMeasurements



Geological featuresGeological features

The tungsten and gold The tungsten and gold 

mining regions of Argentina mining regions of Argentina 

are confined to the Pampa are confined to the Pampa 

Range, about 250 miles Range, about 250 miles 

east of the Andes chain. east of the Andes chain. 

This range is composed of 

granitic gneiss and schists 

striking north and south 

with a westerly dip.



� La Carolina gold mine is 

currently a blind end system, 

corresponding to a horizontal 

excavation into the side of a 

mountain, with only a main 

adit. 

Site descriptionSite description



La Carolina gold mine La Carolina gold mine 



� Los Cóndores wolfram 

mine is also a horizontal 

excavation into the side of 

a mountain, but has a 

vertical output (a shaft) at 

the end of the main gallery.

Site descriptionSite description
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� Two different experimental methodologies:

– Gamma spectrometry → distribution of 40K, 232Th and 238U

– CR-39 nuclear track detectors → Radon concentration

Experimental procedureExperimental procedure



Results: K and Th as tracersResults: K and Th as tracers

The rocks that compose the two mines have similar mineral formations, 
consistent with their dose rate distributions



Results: radon concentrationsResults: radon concentrations

• La Carolina mine

This mine really behaves as a blind end system.
Radon concentrations exceed in about three times the upper action level 

recommended by ICRP for workplaces.



Los Condores mineLos Condores mine

The presence of a shaft explains the overall lower radon concentrations as compared to La 

Carolina mine.

The sharp decreases of radon concentration at the central part of the main adit (C6) can be 

interpreted as a radon dilution due to the entrance of air with low radon content from secondary 

tributaries or larger fissures.



ConclusionsConclusions

• Taking into account that the radon transport process into La Carolina gold 

mine can be interpreted as a gas confined into a tunnel with only one 

entrance and that there are no sharp variations in the radon concentration as 

a function of the distance to the entrance, we infer that this mine has no 

large cracks or fissures that could cause radon dilution. 

• On the other hand, the irregular decreases of radon activity from Los 

Cóndores wolfram mine suggest the presence of secondary tributaries or 

larger fissures along its main adit. 

• These results have demonstrated the usefulness of the radon as a suitable 

tool for geological studies, such as in the understanding of the mine regimes 

or mapping of active faults.



ConclusionsConclusions

• Our results suggest that workers of La Carolina gold mine can be exposed to 

high concentrations of radon, since the radon levels exceed by about three 

times the upper limit of the action level of 1.5 kBqm-3 recommended by the 

ICRP for workplaces.

• Effective doses due to 222Rn and gamma rays inside the mine were 

determined, resulting in negligible values to tourists. Considering the 

effective dose to the mine tourist guides, values exceeding 20 mSv of 

internal contribution to the effective doses can be reached, depending on the 

number of working hours inside the mine.

• Typical mitigating actions such as the introduction of forced ventilation or 

reduction of daily employee’s shift could be adopted.
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