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1. Introduction

Radon - Rn is a natural radioactive element, belonging to the family of noble gases. It originates from the decay of
uranium and thorium, therefore, present in their natural series. The 222Rn isotope is the most abundant, longest
lasting, with a half-life of 3.8 days. The other isotopes *°Rn and **°Rn have half-lives of seconds. The ??Rn daughter
elements, **Po, **Bi and ***Pb are solid and radioactive.

Radon is found in rocks, soils and building materials that contain Uranium, Thorium and Radium. High
concentrations can occur in varieties of granitic and alkaline igneous rocks, monazitic sands, shales, limestones,
uranium deposits, coal, metallic minerals and others. Equivalent values can be found in soils derived from these
rocks. Thus, geological environments that contain U, Th and Ra will form important substrates to Rn emanation.
This nuclide and its daughter elements are recognized by the World Health Organization and national health agencies
as the second leading cause of lung cancer, behind smoking [1].

UNSCEAR (2000) estimates that the annual average effective dose received by the world population is 2.40 mSv,
from Rn and its decay products being the most important human exposure from natural sources [2]. On average,
about 90% of the Rn present in a dwelling comes from underground, 5% from building materials and less than 1%
released from consumed water [3].

Recent studies of Rn and its effects are improving the understanding of the environmental processes that affect
exposure to this element, but there are still many issues associated with the accurate assessment of exposures and
doses. It is possible to observe then, the importance of Rn gas for the annual effective dose received by the human
being and the contribution of geological factors in the emanation and exhalation of Rn. WHO recommends that
member countries implement national mapping programs to determine the increasing risk of exposure to Rn, based
on geologically and geographically studies.

Scientific interest in Rn in homes increased in the mid-1970s, when nuclear instrumentation suitable for
measurements became available [4]. Since then, research has intensified and revealed that Rn levels in households
are very variable, reaching, in some cases, up to 100,000 Bg.m™. This means that some members of the population
are exposed to levels of Rn equivalent to those found in mines professionals [5].

The importance of multidisciplinary characteristics about Rn is highlighted, national geogenic mapping programs
should involve interaction between different bodies and areas of knowledge, including government organizations,
political authorities, research institutions, laboratories and the media [6]. The fundamental purpose of Rn mapping is
to prevent the population from being exposed to high values of gas concentration. Thus, government organizations
and research centers have identified areas of greater risk through the elaboration of geogenic maps indicative of
radon risk. Therefore, these maps work as a management tool for the authorities, helping them to make decisions in
priority areas [7].

International regulatory bodies recommend that countries identify the areas most susceptible to Rn and investigate
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the geological and construction characteristics that may contribute to increased population exposure. Studies on Rn
exhalation and its contribution to the dose of indoor environments have been developed around the world in order to
create a database to compose a geogenic mapping of countries, and identify areas of greatest risk of this gas.

The Metropolitan Region of Belo Horizonte has geological characteristics that suggest the existence of high
concentrations of Rn indoors. Most of the geological basement of this area is constituted by Archean rocks from the
granitic gneiss complex and by metasedimentary sequences from the large Precambrian unit of the Quadrilatero
Ferrrifero of Minas Gerais, Brazil. As is known, granitic rocks have high concentrations of natural radionuclides in
general, and uranium in particular [3]. Therefore, the main objective is to review and discuss bibliographical
references to improve the knowledge about the relationship between rocks and soils and the potential risk of radon in
the Metropolitan Region of Belo Horizonte (MRBH).

2. Methodology

The work was developed from a literature review. The words used for the search were: radon in air, radon in soil,
detection of natural radioactivity and geology of the RMBH. Among all the publications obtained, those selected form:
Santos (2010), Lara (2017), Taveira (2020), WHO (2009) and UNSCEAR (2000) for contemplating the purpose of this
study. The methodology of Rn study can be varied, so, it is important to follow well-established methodologies
recommended by reference entities. The measurements performed with the ionization chamber detector, alphaguard,
this detector being considered the gold standard in the analysis of radon in closed circuit and in soil gases. The
Environmental Protection Agency (EPA) recommends using type CR-39 polymers for alpha detection from Rn decay.
Both methodologies were used by the reviewed authors [8].

3. Results and Discussion

The aim of this study was to present and discuss the findings in the literature involving Rn and natural radioactivity. In
this context, the publications were read and five important categories were selected and will be applied to obtain the ratio
of Rn concentrations in the indoor air of homes and rock outcrops in the metropolitan region of Belo Horizonte-MG, they
are: a) studied area b ) detectors ¢) sampling; d) analysis of results and recommendations. The results compiled for each
case can be seen in Table 1. In the study of Taveira (2020), it was finally possible to relate the radon concentration data
obtained by the other mentioned authors and the geology of the MRBH. Uraniferous rocks, for example, do not always
have the highest radon exhalation rates [10]. To implement the study, it is necessary to consider petrographic and textural
factors.

Table I: Results of a compiled data base from a literature review

Author Studied area Studied Detectors Resuts Recommendations
Object/Sampling
Metropolitan “’Rn in  air | AlphaGuard, Approximately 15% of | The use of the building
Region of Belo | within the | CR39, Electrets the results obtained | materials analyzed, for
Horizonte residences are higher than the | use in buildings, should
levels of be better evaluated, as it
Santos et recommended may represent a
al, 2010 international reference | potential increase in
radiological exposure,
especially due to radon
exhalation and gamma
emissions.
Lara et af Metropolitan 22Rn in soil AlphaGuard The results of the | Need for specific studies
2013 " | Region of Belo distribution of Rnin soil | to find out if the 2Z]zigh
Horizonte gases from the RMBH | levels of Rn
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showed that about 17%
of the points sampled
in the different
pedologies and
lithologies had **’Rn
concentrations above
40.0 kBg.m?, a value
suggested as a
reference

concentration in the soil

are due to lithology
and/or pedology and
other physical and
geological

characteristics.

Corréa et
al, 2011

Parana

222Rn in air and

water

AlphaGuard,
CR39

Exposure to **’Rn in
homes in Parang, the
concentration  results
were within  normal
limits, no value was
found above 400
Bg/m?, which would
mean some mitigation
proposal. The
concentration levels of
221 in well waters in
the Curitiba Region
were high, as around
70% of the investigated
well water samples
were above 11.1 Bqg/L.
There was no clear
relationship  between
indoor and well water
measurements.

the proposal was made
to repeat the only

indoor measurement
that was above 200
Ba/m’;

Improving the method
for  obtaining initial
concentrations of **’Rn
and **°Ra and increasing
investigations into these
concentrations for the
South region of Brazil.

Taveira et
al, 2020

Quadrilatero
Ferrifero
Metropolitan
Region of Belo
Horizonte

Gamma survey
from U,The K

AlphaGuard,
RS230

The determination of
radon exhalation rates
allowed to verify the
presence of uranium
minerals does not
always determine, or is
proportional, to the
amount  of  **Rn
emanated and
consequently exhaled.
For this purpose, it is
necessary to consider
from the petrographic
and textural factors of
the rocks to their field
layout.

4. Conclusions

The development of this review showed the best methodologies to study radon in air and soil. All authors studied agreed
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on the concentration of radon in the study regions in Belo Horizonte. Comparatively, the authors from Parand also used a
similar methodology and evaluated important factors such as ventilation rate, types of aquifers and rocks, corroborating
for an improvement in the experimental procedures. It can be concluded that, in the RMBH, some radon concentration
elevations are due to the local geology and the pavement of streets and avenues may contribute to a higher radiation dose
in the population. . It is intended to use this database to develop the author's doctoral work in order to increase this same
database, thus contributing to the mapping of general Brazilian radon, as well as to build a map of contribution of
external radon doses . These data can help other authors to define the materials and methods needed for a study with the
same purpose. Finally, determine whether some of the anomalies found by Santos (2010) Lara (2013) and Taveira (2020)
are in fact due to local geology or whether they are due to anthropic action on street pavement, considering
measurements at two different times of the year (winter and summer), thus approaching the real living conditions in the
house.

Acknowledgements

The authors thank to the Center for the Development of Nuclear Technology (CDTN) and to Nuclear Engineering
Department for providing material and personal for the development of the research, as well as CAPES for funding the
doctoral scholarship.

References

[1] WHO - WORLD HEALTH ORGANIZATION. WORLD CANCER REPORT “Who Handbook on Indoor Radon: A
PublicHealth Perspective”. WHO Library Cataloguing-in-Publication Data, France, 20009.

[2] UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION. Sources and
Effects of lonization Radiation. New York: United Nations Sources, Report to General Assembly, with Scientific
Annexes, v. |, 2000.

[3] NEVES, L. F.; PEREIRA, A. C. Radioatividade natural e ordenamento do territorio: o contributo das Ciéncias da
Terra. Geonovas. n.18, p. 103-114, 2004.

[4] EISENBUD, M.; GESSEL, T. Environmental Radioactivity. San Diego, California, 1997.

[5] INTERNATIONAL COMMISSION OF RADIOLOGICAL PROTECTION. Protection against Radon-222 at Home
and at Work. Annals of ICRP publication, v. 65, n. 23, Canada, United States, 1993.

[6] LARA, E.G. Potencial de radénio no ar de ambientes interiores residenciais: aspectos geoldgicos e construtivos da
Regido Metropolitana de Belo Horizonte. Dissertacdo Programa de Pés-graduacdo em Ciéncias e Técnicas Nucleares,
UFMG, 2017.

[7] IELSCH, G.; CUSHING, M. E; COMBES, PH.; CUNEY, M. Mapping of the geogenic radon potential in France to
improve radon risk management: Methodology and first application to region Bourgogne. Journal of Environmental
Radioactivity, Elsevier, v. 101, p. 813-820, 2010.

[8] Epa — Environmental Protection Agency, “Citizen’s Guide to Radon”, 402-K-92-001, 2009.

[9] SANTOS, T.O. Distribuicdo da Concentracdo de Rad6nio em Residéncias e outras Construcdes da Regido
Metropolitana de Belo Horizonte - 50 RMBH. Dissertacdo (Mestrado em Ciéncia e Técnicas Nucleares) — Universidade
Federal de Minas Gerais, Belo Horizonte, 2010.

[10] TAVEIRA, N.F, Potencial do raddnio da regido da Serra do Gandarela — Quadrilatero Ferrifero — MG: Estudo da
relacdo entre o conglomerado uranifero da Formacgdo Moeda e Xistos do Grupo Nova Lima. Dissertacdo (Mestrado em
Ciéncia e Tecnologia das Radia¢Ges, Minerais e Materiais) — Centro de Desenvolvimento da Tecnologia Nuclear (CDTN),
Belo Horizonte, 2020.

4



