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ABSTRACT

Exposure to radon can impact human health. This is a nonsystematic review of articles
written in English, Spanish, French, or Portuguese published in the last decade (2013-
2023), using databases such as PubMed, Google Scholar, EMBASE, and SciELO.
Search terms selected were radon, human health, respiratory diseases, children, and
adults. After analyzing the titles and abstracts, the researchers initially identified 47
studies, which were subsequently reduced to 40 after excluding reviews, dissertations,
theses, and case-control studies. The studies have shown that enclosed environments
such as residences and workplaces have higher levels of radon than those outdoors.
Moreover, radon is one of the leading causes of lung cancer, especially in nonsmokers.
An association between exposure to radon and development of other lung diseases,
such as asthma and COPD, was also observed. It is crucial to increase public awareness
and implement governmental control measures to reduce radon exposure. It is essential
to quantify radon levels in all types of buildings and train professionals to conduct such
measurements according to proven efficacy standards. Health care professionals should
also be informed about this threat and receive adequate training to deal with the effects
of radon on human health.
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INTRODUCTION

Radon is a colorless and odorless radioactive gas
that has a half-life of 3.83 days. It is formed from the
radioactive decay of uranium from groundwater, soil,
or rocks, and Its products are also colorless, tasteless,
and odorless.(*?

Indoor (houses and buildings) radon concentrations vary
and are influenced by several conditions: (a) geological
characteristics of the site (permeability of the rocks,
uranium content, and type of soil where the building is
located); (b) the pathways that radon finds to infiltrate
residences and commercial or noncommercial buildings;
(c) the emanation of radon from building materials and
ornamentation (such as granite floors and walls); (d) air
exchange rate between interior and exterior areas, which
depends on the type of building, ventilation systems, and
how airtight (sealed) the building is.®

Nonspecific symptoms experienced by occupants due to
the time spent in a building with poor indoor air quality
are collectively designated “sick building syndrome.”®
Radon is harmful to the health of individuals exposed
to it. Knowing the risks of such exposure is essential to
prevent health damage.®

Radon seeps into buildings through cracks in floors or
wall joints, gaps around pipes or cables, small pores in
walls made of hollow concrete blocks, and open walls or
ceilings. It usually reaches higher concentrations in cellars
and living spaces in direct contact with the ground, but

significant concentrations can also be found above the
ground floor.®® These concentrations can vary between
adjacent buildings and within the same structure from
one day to the next, or even within hours.®

The unit of measurement of radon is the Becquerel per
cubic meter (Bg/m3),® and the average concentration
of radon in open air ranges from 5 Bg/m3 to 15 Bg/m3;
however, it is higher in enclosed spaces, especially if
they are poorly ventilated. In buildings such as schools,
offices, and homes radon concentrations range from 10
Bg/m3 to over 10,000 Bg/m3.0:®

The WHO recommends that indoor radon concentrations
should not be higher than 100 Bg/m3. It is adivisible
that the reference level should not be higher than 300
Bg/m3.0®) According to the International Commission
on Radiological Protection,® the global effective dose
attributed to this type of radiation is estimated to be 2.4
mSv/year. The sum of equivalent doses in the tissues or
organs is the effective dose.

The Projeto Planalto de Pogos de Caldas (Pogos de
Caldas Plateau Project),(*® a pioneering initiative in
Brazil, aims to provide reliable, technically accurate, and
ethically safe information to alert health professionals
and the population about the effects of radon radiation
on health. The study identified three sites with average
doses above 10 mSv/year, namely: Morro do Ferro (in
the rural zone in the city of Pogos de Caldas), Morro do
Taquari, and in a uranium mine (both in the rural area
in the city of Caldas).*®
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The second part of that project (2004-2013) identified
that 21% of the households surveyed had a radon
concentration higher than 200 Bg/m3, pointing to the
need for the implementation of a permanent model
for surveillance of exposure to natural radiation.®?

In many countries, drinking water is obtained from
underground sources, such as springs and wells. Often,
these sources have higher concentrations of radon
than does surface water from reservoirs, rivers, or
lakes. Radon dissolved in drinking water is released
into the indoor air; thus, the amount inhaled by
breathing is more significant than that ingested from
drinking water.®®

These data are confirmed by a study carried out in
Porto Alegre, Brazil, that determined the concentrations
of radon in water samples obtained from (precambrian
fractured and cenozoic porous) aquifers that feed that
city; it was found that more than half of the samples
analyzed reached up to 500 BgL,"*? which is above
the maximum limit determined as safe by the WHO.®

According to radon properties, all buildings are
potential sources of this gas, and its concentration is
unique to each environment. People living or working
in these buildings might be exposed to very high
levels, which makes the problem more complex and
difficult to address.®

IMPACTS OF RADON EXPOSURE ON
HUMAN HEALTH

Exposure to radon inside the home can potentially
lead to serious health problems. Lopez et al. have
shown that radon concentrations can be higher in
residential than in public buildings.*®

Indoor air renewal in residential buildings may only
occur for a short period of time since poor ventilation
might occur at night, during winter, or during the day
when people are away on business. This was confirmed
when determining radon concentrations in Canadian
homes: they were up to three times higher than in
school buildings, 4.7 times higher than in other public
buildings and indoor workplaces, and 12 times higher
than in the air outdoors.®*

School children exposed to median concentrations
equal to, or greater than the recommended
concentrations of fine particulate matter, benzene,
limonene, ozone, and radon in a school environment
significantly had more frequent systemic, ocular, and
upper/lower airway symptoms (sick school syndrome)
when compared with unexposed subjects. !

In children’s schools, indoor radon concentrations
are also influenced by ventilation types, attendance
regime, and building characteristics.(*® Davis et al.
found that classroom radon concentrations decreased
when school ventilation systems were on.(*” Branco
et al. reported that radon concentrations in daycare
centers and elementary schools in Portugal were
related to the year of construction of the buildings.®*®

Several factors have been identified as capable of
interfering with indoor radon concentrations: number of
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occupants, ventilation, room location in the building,**
and construction-related factors, since constructions
located on the same geological substrate but with
different types of building materials may present
different indoor radon concentrations.%?" In addition,
the duration of exposure to radon also has essential
relevance. Children, for having a longer life expectancy,
if exposed continuously, have a higher lifetime risk of
developing cancer. 223

Another topic recently highlighted is the occupancy
bias within the residential environment. Newly built
houses are mainly inhabited by younger people, who
appear to be exposed to higher radiation rates (5.01
mSv/year). In contrast, homes built many years ago
are occupied by older people who are exposed to lower
radiation rates (3.45-4.22 mSv/year).?*) This observation
is important and reinforces the previous citation that
exposure to radon at a younger age may represent an
increased lifetime risk of health problems. (2223

A study conducted in the metropolitan region of Recife,
Brazil, found that radon concentrations ranged from 2
to 1,174 Bg/m3 in residences in areas of uraniferous
phosphorite outcrops, increasing by 10-16% the risk
of developing radon-related pulmonary neoplasia.>>
The authors found that most households evaluated had
habits that contributed to indoor gas accumulation,
such as keeping windows closed for many hours
during the day.®®

High levels of radon have also been documented in
large cities, leading to greater exposure for a broader
population.® A survey by Petroni & Lima®® in 35
air-conditioned commercial and residential buildings
in the city of Sdo Paulo, Brazil, indicated that 3%
of those had radon concentrations above the WHO
recommendations.® That study found the presence
of radon (above 4 mSv/year) in some buildings.

The population must be aware of the health impacts
related to home exposure to radon. Health professionals
must encourage access to information about the health
hazards resulting from such exposure and inform
about the monitoring of home radon levels provided
by public agencies.?”

LUNG CANCER AND RADON

Lung cancer is the leading cause of death from cancer
in the world, as well as a public health problem. Smoking
is identified as the main risk factor for pulmonary
cancer and accounts for about 80% of cases, while
radon is the main factor among nonsmoker individuals,
affecting between 10% and 15% of this population,
and increases the 25-fold risk among active smokers
when compared with nonsmokers. 2829

Studies on cancer have classified radon as a
grade-1 human carcinogen, also called low grade
or well differentiated, because it causes cancerous
cells to be a little different from normal cells, which
makes the neoplasm slowly progress. A relationship
between exposure to radon and increased risk of
pulmonary cancer in the general population has been



established.®3% However, the consequences of this
contribution vary among different studies.*3?

Inhaled radon decay products emit radiation associated
with high cytotoxic and genotoxic effects, causing
lesions in the respiratory epithelium, damaging DNA,
and potentially causing lung cancer.G%

Mechanisms of action

Carcinogenesis by radiation is a complicated process
and subject to the effects of different environmental
agents, as well as genetic factors.* The carcinogenic
effect induced by inhaled radon, particularly for the
bronchial epithelium and especially in the bifurcations
of the airways, is mainly due to the progenies of
radon, mainly polonium 214 and 218, which emit
high-energy alpha particles as the predominant form
of radiation. Despite their limited ability to penetrate
tissues, alpha particles can damage exposed tissues
due to their high biological efficacy through various
cytogenetic effects.CG

Some of these effects include expression of pathogenic
variants, chromosomal aberrations, generation of
reactive oxygen species, modification of cell cycles,
and increased production of proteins associated with
cell cycle regulation and carcinogenesis.* In addition,
there is evidence suggesting that residential exposure
to radon is capable of inducing the expression of
pathogenic EGFR variants, ALK translocations, and
an increased risk of small cell lung cancer among all
histological types.©¢37)

Non-small cell lung cancer shows molecular alterations,
such as somatic mutations (EGFR, BRAF, HER2, MET)
or chromosomal rearrangements (ALK, ROS1, RET,
NTRK) mainly in nonsmokers, suggesting an association
between radon exposure and non-small cell lung cancer
in nonsmokers.?

Epidemiology

Epidemiological studies have established an important
association between exposure to radon and pulmonary
cancer,333%-49) confirmed by the higher frequency of
pulmonary cancer among uranium miners exposed
to radon.“142)

A recent meta-analysis of 13 studies documented
a direct relationship between the level of radon in
households and the risk of developing lung cancer.
Based on this information, the authors estimated that
exposure to radon could be responsible for up to 2%
of deaths from lung cancer in Europe.“?

The risk of pulmonary cancer increases with the level
of exposure to radon. An association was documented
between exposure to radon above 50 Bg/m? and lung
cancer.“® Individuals exposed to concentrations greater
than 200 Bg/m?3 had a 2.06-fold higher risk (95% CI,
1.61-2.64) than did those exposed to concentrations
< 50 Bg/m3. Among active smokers, the risk increased
more markedly with increasing exposures to radon,
reaching up to 29.3 times higher (95% CI, 15.4-55.7)
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for heavy smokers exposed to concentrations greater
than 200 Bg/m3.¢4%

A meta-analysis evaluated indoor exposure to radon
and its effects on health and showed an increase in
the relative risk for pulmonary cancer in China of 1.01
(95% CI, 1.01-1.02) for each increment of 10 Bq/m?
in indoor radon concentrations. >

A systematic review followed by a meta-analysisG*
evaluated the association between residential radon
exposure and lifetime risk of pulmonary cancer in never
smokers. Those exposed to radon concentrations > 100
Bg/m? presented with an excess relative risk of 15%
of developing lung cancer, especially men.

Another meta-analysis studied the relationship
between residential exposure to radon and histological
types of pulmonary cancer.“®) High residential exposure
to radon was associated with an increased risk of
pulmonary cancer (OR = 1.48; 95% CI, 1.26-1.73).
All histological types of pulmonary cancer were
associated with residential radon exposure. The
strongest association was observed with small cell
lung cancer (OR = 2.03; 95% CI, 1.52-2.71), followed
by adenocarcinoma (OR = 1.58, 95% CI, 1.31-1,
91), other histological types (OR = 1.54, 95% CI,
1.11-2.15), and squamous cell carcinoma (OR = 1.43,
95% CI, 1.18-1.74). With the elevation of residential
levels of radon above 100 Bg/m?3, the risk of pulmonary
cancer, small cell lung carcinoma, and adenocarcinoma
increased by 11%, 19%, and 13%, respectively.“®

Home exposure

Residential exposure to radon is a major contributor to
pulmonary cancer mortality, although this contribution
is highly variable across different countries, indicating
the need for targeted prevention policies. The correction
of estimates for dwelling height is essential to provide
reliable estimates of mortality attributable to radon.V

In Canada there are no “radon-free” areas, and radon
is responsible for 16% of deaths from lung cancer,
20% of homes exceed the guideline of 200 Bg/m3,
and 47.5% exceed the reference level recommended
by the WHO (100 Bg/m?).7-4)

Long-term inhalation of alpha particles increases the
risk of pulmonary cancer by 16% for each 100 Bg/m?
increment and has a synergistic effect with other risk
factors for pulmonary cancer.(4”> When levels reach the
limit set by the Canadian guideline, that is, above 200
Bg/m3, the lifetime risk of pulmonary cancer is 17% for
active smokers and 2% for nonsmokers.(’-*% These data
reinforce those observed by a North American study
in which a 3% increase in the incidence of pulmonary
cancer was observed for each increase of 100 Bg/m?
in radon exposure.®?

Kurkela et al.*» estimated that (at least) 3% to (at
most) 8% of all pulmonary cancers were attributable
to residential radon exposure. The proportion of
small cell carcinoma cases attributable to radon was
8-13%. Among smokers, most radon-related cases
were attributable to the combined effect of radon and
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smoking, and the authors concluded that reducing
radon exposure to an action level of 100 Bq/m3 would
eliminate approximately 30% of radon-attributable
lung cancer cases.®?

Hadkhale et al.>® observed an increased risk of
pulmonary cancer in a population-based study in Finland
in hospital districts with high radon exposure when
compared with those with lower exposure. The authors
reported that exposure to radon from groundwater
would also be associated with an increased risk of
pulmonary cancer.®?

One study in Thailand reported significant differences
in household levels of radon between lung cancer
patients and healthy controls and estimated that
26% and 28% of deaths from lung cancer in men
and women, respectively, were attributable to indoor
radon exposure in that country. Other factors were
identified as capable of interfering with the indoor radon
levels, such as characteristics of the residence and its
ventilation. The window-to-wall ratio was negatively
associated with indoor radon levels.>%

An ecological study evaluated the increased risk of
pulmonary cancer mortality due to exposure to radon
indoors in Mexico.>> The mean indoor radon concentrations
ranged from 51 to 1,863 Bg/m?, the highest mean
exposure dose found was 3.13 mSv/year in the north of
the country (Chihuahua), and the excess mortality from
pulmonary cancer in the country was 10.0 + 1.5 deaths
per 10° population. The highest values were found in the
north of the country, where there are numerous uranium
deposits, followed by Mexico City, the most populous and
polluted area in the country.®>

Torres-Duran et al.(*® evaluated 829 patients with
lung cancer, 56.7% of whom were smokers or former
smokers. There was no association of indoor radon
concentrations with age, sex, histological type, or
tumor staging at diagnosis. Median indoor radon
concentrations increased with age at diagnosis in
men but not in women. When analyzing participants
exposed to more than 1,000 Bg/m3, a predominance of
small cell lung cancer and a more significant presence
of advanced stages (IIIB and IV) were observed.®®

Rodriguez-Martinez et al.*”) evaluated, in a multicenter
case-control study, the effect of residential exposure
to radon on the risk of small cell lung cancer in the
general population. There was a statistically significant
association for those exposed to concentrations above
the permitted level (OR = 2.08; 95% CI, 1.03-4.39)
in relation to those exposed to concentrations below
50 Bg/m3.3”)

Maggiore et al.*>”) assessed the risk of radon exposure
and lung cancer incidence/mortality in southeastern
Italy. In that study the authors pointed out that the
risk of exposure to radon should be better studied to
evaluate the causes of the higher lung cancer mortality
and incidence rates in the Salento area as compared
with national average rates. For these reasons, the Local
Health Authority of Lecce, in cooperation with the Regional
Agency for Protection and Prevention of the Environment
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in Puglia and the National Research Council Institute
of Clinical Physiology, has included the monitoring of
individual concentrations of radon indoors in the protocol
of a case-control study intended to investigate the role
of different personal and environmental risk factors for
lung cancer in the Salento area.*”

According to the Instituto Nacional do Cancer (Brazilian
National Cancer Institute) data, lung cancer was
responsible for 28,620 deaths in Brazil in 2020, has
been one of the leading causes of preventable death,
and is, respectively, the third and fourth most common
type of cancer in men (17,760 new cases) and women
(12,440 new cases).*® In addition, lung cancer is the
first and third most common type regarding incidence
among men and women worldwide, respectively.>®

Cigarette smoking is the most critical risk factor for
developing pulmonary cancer. Other risk factors cited
by the Instituto Nacional do Cancer, besides radon, are
occupational exposure to chemical or physical agents
(asbestos, silica, uranium, chromium, alkylating agents,
among others); drinking water containing arsenic, and
high doses of beta-carotene supplements in smokers
and former smokers. Radon is the main factor for
pulmonary cancer in people who are nonsmokers
(around 10-15%, with small variations).®®

Lorenzo-Gonzalez et al.(®® claimed that health
professionals neglect residential radon and that it is
rarely considered a variable in lung cancer risk scoring.
Discussions with young adults can be valuable as they
make long-term plans to settle into a home and work.
“47) Family physicians play a crucial role in informing
their patients about the health risks of radon exposure
and in recommending proactive actions to reduce their
exposure.©?

From a clinical point of view, when nonsmokers are
diagnosed with pulmonary cancer, radon should be
considered as a potential cause.®*%?) From a public
health point of view, residential radon should be
considered an important factor for predicting the risk
of pulmonary cancer, especially among smokers due
to the synergistic effect of radon and tobacco smoke.
Smoking cessation should be one of the main health
priorities.G*

There is a need to raise awareness among health
professionals, legislators, policymakers, and the
population so that necessary measures can be taken
to reduce this harmful exposure, particularly in radon-
prone areas, thus preventing a significant proportion
of cancer deaths. (¢

Tables 1 and 2 show the risk of pulmonary cancer

according to the level of radon exposure and smoking
habit.

PREVENTION AND MITIGATION

The following measures should be observed so that
exposure to radon has a less destructive potential or
even does not occur(6°);

a. For risk reduction in the general population,

strategies are needed both for the prevention of



radon release (in new housing) and mitigation
(in preexisting housing)

b. Periodic radon measurements should be carried
out so that the effectiveness of the measures
adopted for radon prevention and mitigation
can be verified

c. Professionals in the construction sector are
key players in preventing and mitigating radon
exposure. They need to be trained to ensure
their competence in this area

IDEAL RADON CONTROL PROGRAM

The following are characteristics and needs that a
national radon exposure control program should have
to be effective®:

a. National radon control programs should aim
to reduce the risk for the general population,
especially for individuals living in environments
with high concentrations of this gas

b. To limit the risk, a national reference exposure
level of 100 Bg/m3 should be established. If it
is not possible to use this reference level, levels
> 300 Bg/m3 should be avoided

c. To reduce the risk to the general population,
building codes should be implemented to require
radon measurements in houses under construction

d. Radon measurements are necessary because
building codes alone cannot guarantee that
concentrations will be below the reference level

e. An effective national radon control program
requires input from multiple agencies in the same
country. One agency should lead implementation
and coordination and ensure linkage with tobacco
control, and one should lead health promotion
programs

EXAMPLES OF ACTIONS

National Radon Action Plan—2021-2025

The U.S. National Radon Action Plan—2021-2025(®
goals are to find, correct, and prevent elevated levels

Table 1. Risk of cancer from radon exposure for smokers.
Radon If 1,000 people who smoked

level were exposed to this level over a
lifetime®. . .

20 pCi/L  About 260 people could get lung
cancer
10 pCi/L  About 150 people could get lung
cancer fire
8 pCi/L About 120 people could get lung
cancer
4 pCi/L About 62 people could get lung
cancer crash
2 pGi/L About 32 people could get lung
cancer
1.3 pCi/L  About 20 people could get lung
cancer
0.4 pCi/L

The risk of cancer from radon
exposure compares to®. . .

< 250 times the risk of drowning

< 30 times the risk of dying in a fall

< 5 times the risk of dying in a car

(Average indoor radon level)

Urrutia-Pereira M, Chatkin JM, Chong-Neto HJ, Sole D

of radon in eight million buildings by 2025 and to
prevent 3,500 lung cancer deaths annually. Under this
plan, leaders from various sectors work together to
plan, guide, and sustain national actions to prevent
radon exposure(©®);

a. To eliminate preventable lung cancer from radon
by expanding protections for all communities
and buildings

b. The only way to determine home radon levels
is through testing

c. Qualified professionals can install a system that
informs when high levels of radon are accumulating
inside the building

d. New buildings should be designed and constructed
using radon-resistant construction techniques in
order to save lives now and in the future

e. Since low-income individuals and families are
less likely to have their homes tested for radon
levels, government awareness of this type of
problem is needed

f. Some people do not know that indoor radon
exposure can cause lung cancer, so there is a
dire need for more disclosure

g. Some renters, or even homeowners, may
challenge these provisions to protect their homes
because they cannot afford the cost of radon
testing and mitigation

h. Because reducing high radon concentrations in
homes and other buildings is expected to result
in important health benefits, access to life-saving
radon protections should be more equitable
across social groups

NEW SPANISH REGULATIONS FOR
PROTECTION FROM RADON EXPOSURE

The Spanish Royal Decree No. 1029/2022 of December
20, 2022, establishes that the reference level for radon
concentration in indoor areas is 300 Bg/m3 in terms of
the annual average concentration of radon in the air in
residences, public access buildings, and workplaces.(¢”

What to do: stop
smoking and. . .

Fix your home

< 200 times the risk of dying in a home Fix your home

Fix your home

Fix your home

< 6 times the risk of dying from poison Consider fixing your home

if levels are 2-3.9 pCi/L

(Reducing radon levels
below 2 pCi/L is difficult)

(Average outdoor radon level)

Adapted from the U.S. Environmental Protection Agency.®* alf you are a former smoker, your risk may be lower.
bComparison data calculated using the 1999-2001 National Center for Injury Prevention and Control Report by the

Centers for Disease Control and Prevention.
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Table 2. Risk of cancer from radon exposure for never smokers.

Radon If 1,000 people who never

level smoked were exposed to this level
over a lifetime®. . .

20 pCi/L  About 36 people could get lung
cancer
10 pCi/L  About 18 people could get lung
cancer fire
8 pCi/L About 15 people could get lung
cancer
4 pCi/L About 7 people could get lung cancer
2 pCi/L About 4 people could get lung cancer
1.3 pCi/L  About 2 people could get lung cancer
0.4 pCi/L

The risk of cancer from radon
exposure compares to®. . .

35 times the risk of drowning
20 times the risk of dying in a home
4 times the risk of dying in a fall

< the risk of dying in a car crash
< the risk of dying from poison

(Average indoor radon level)
(Average outdoor radon level)

What to do:

Fix your home
Fix your home
Fix your home

Fix your home

Consider fixing your home
if levels are 2-3.9 pCi/L
(Reducing radon levels
below 2 pCi/L is difficult)

Adapted from the U.S. Environmental Protection Agency.(®Y Note: If you are a former smoker, your risk may be
higher. sLifetime risk of lung cancer deaths according to the U.S. Environmental Protection Agency Assessment
of Risks from Radon in Homes (EPA 402-R-03-003). ®Comparison data calculated using the 1999-2001 National
Center for Injury Prevention and Control Report by the Centers for Disease Control and Prevention.

The new Spanish regulation establishes the obligation
to perform radon measurements in all public access
buildings, businesses, and residences, especially in
areas with high radon levels. If high levels of this gas
are detected, measures must be taken to reduce and
mitigate exposure (for example, installation of radon
reduction systems).©”

FINAL CONSIDERATIONS

According to Stanifer et al.,(®® home radon testing
is a primary lung cancer prevention strategy. Due to
the high prevalence of smoking in adults and the high
incidence of lung cancer, this measure can benefit these
populations by providing more preventive interventions
and adopting smoke-free and radon control policies.
Thus, reducing the risk of radon exposure will be
integrated with smoking cessation messages and lung
cancer screening programs.

The key steps to reduce lung cancer deaths induced
by radon exposure are to increase the awareness of
population and health professionals of this threat,
measure radon levels in all types of new buildings,
build a workforce of qualified professionals who can
solve radon-related problems using proven standards,
and ensure that adequate funding is available to cover
the costs of testing and repair.

AUTHOR CONTRIBUTIONS

All authors equally contributed to this work and
approved the final version of the manuscript.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1. Shakoor H, Jehan N, Khan S, Khattak NU. Investigation of Radon
Sources, Health Hazard and Risks assessment for children using
analytical and geospatial techniques in District Bannu (Pakistan). Int
J Radiat Biol. 2022;98(6):1176-1184. https://doi.org/10.1080/0955300
2.2021.1872817

2. Ngoc LTN, Park D, Lee YC. Human Health Impacts of Residential
Radon Exposure: Updated Systematic Review and Meta-Analysis of
Case-Control Studies. Int J Environ Res Public Health. 2022;20(1):97.
https://doi.org/10.3390/ijerph20010097

3. Zeeb H, Shannoun F, editors. Manual da OMS sobre radonio
em ambientes internos: uma perspectiva de salde. 1st Ed;
2016. [Adobe Acrobat document, 122p.]. Available from:
https://www.gov.br/ird/pt-br/central-de-conteudo/publicacoes/
ManualdaOMSsobreradonioemambientesinternos.pdf

4. Gawande S, Tiwari RR, Narayanan P, Bhadri A. Indoor Air Quality and
Sick Building Syndrome: Are Green Buildings Better than Conventional
Buildings?. Indian J Occup Environ Med. 2020;24(1):30-32. https://doi.
0rg/10.4103/ijoem.|IJOEM_148_19

5. Nunes LJR, Curado A, Graga LCCD, Soares S, Lopes SI. Impacts
of Indoor Radon on Health: A Comprehensive Review on Causes,
Assessment and Remediation Strategies. Int J Environ Res Public
Health. 2022;19(7):3929. https://doi.org/10.3390/ijerph 19073929

6. Chapter 42. Radon. In: Etzel RA, Balk SJ, editors. Pediatric
Environmental Health. 4th ed. ltasca, IL: American Academy of

J Bras Pneumol. 2023;49(6):€20230210

Pediatrics; 2018. p.739-746.

7. U.S. Environmental Protection Agency (EPA) [homepage on the
Internet]. Washington, DC: EPA; ¢2023 [cited 2023 Feb 1]. Available
from: https://www.epa.gov

8. Corrales L, Rosell R, Cardona AF, Martin C, Zatarain-Barron ZL, Arrieta
0. Lung cancer in never smokers: The role of different risk factors other
than tobacco smoking. Crit Rev Oncol Hematol. 2020;148:102895.
https://doi.org/10.1016/.critrevonc.2020.102895

9. International Commission on Radiological Protection (ICRP)
[homepage on the Internet]. Ottawa, ON: ICRP; ¢2023 [updated 2014,
cited 2023 Mar 1]. Radiological Protection against Radon Exposure.
Available  from: https://www.icrp.org/publication.asp?id=ICRP%20
Publication%20126

10. Brasil. Ministério da Satde. Instituto Nacional do Cancer (INCA)
[homepage on the Internet]. Rio de Janeiro: INCA. Projeto Planalto de
Pogos de Caldas: Pesquisa cancer e radiagao natural: Minas Gerais-
Brasil: 2004 a 2009, vol.1. Belo Horizonte: SES-MG; 2009. Available
from: https://www.inca.gov.br/publicacoes/livros/projeto-planalto-
pocos-de-caldas-pesquisa-cancer-e-radiacao-natural

11. Antoniazzi BN, Silva NC, Cunha TN, Otero UB. Projeto Planalto de
Pogcos de Caldas: Pesquisa cancer e radiagao natural: incidencia e
comportamento de risco: Minas Gerais - Brasil 2004 a 2013. Belo
Horizonte: SES-MG; 2013.


https://doi.org/10.1080/09553002.2021.1872817
https://doi.org/10.1080/09553002.2021.1872817
https://doi.org/10.3390/ijerph20010097
https://www.gov.br/ird/pt-br/central-de-conteudo/publicacoes/ManualdaOMSsobreradonioemambientesinternos.pdf
https://www.gov.br/ird/pt-br/central-de-conteudo/publicacoes/ManualdaOMSsobreradonioemambientesinternos.pdf
https://doi.org/10.4103/ijoem.IJOEM_148_19
https://doi.org/10.4103/ijoem.IJOEM_148_19
https://doi.org/10.3390/ijerph19073929
https://www.epa.gov
https://doi.org/10.1016/j.critrevonc.2020.102895
https://www.icrp.org/publication.asp?id=ICRP Publication 126
https://www.icrp.org/publication.asp?id=ICRP Publication 126
https://www.inca.gov.br/publicacoes/livros/projeto-planalto-pocos-de-caldas-pesquisa-cancer-e-radiacao-natural
https://www.inca.gov.br/publicacoes/livros/projeto-planalto-pocos-de-caldas-pesquisa-cancer-e-radiacao-natural

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

. Fianco ACB. Concentracoes de randonio nas aguas subterraneas,

rochas e solos de Porto Alegre, RS [dissertation]. Porto Alegre:
Universidade Federal do Rio Grande do Sul; 2011. 99p. Available from:
https://lume.ufrgs.br/handle/10183/32667

. Lopes SI, Nunes LJR, Curado A. Designing an Indoor Radon Risk

Exposure Indicator (IRREIl): An Evaluation Tool for Risk Management
and Communication in the loT Age. Int J Environ Res Public Health.
2021;18(15):7907. https://doi.org/10.3390/ijerph 18157907

. Chen J. RISK ASSESSMENT FOR RADON EXPOSURE IN VARIOUS

INDOOR ENVIRONMENTS. Radiat Prot Dosimetry. 2019;185(2):143-
150. https://doi.org/10.1093/rpd/ncy284

. Baloch RM, Maesano CN, Christoffersen J, Banerjee S, Gabriel M,

Csobod E, et al. Indoor air pollution, physical and comfort parameters
related to schoolchildren’s health: Data from the European SINPHONIE
study. Sci Total Environ. 2020;739:139870. https://doi.org/10.1016/.
scitotenv.2020.139870

. Zhukovsky M, Vasilyev A, Onishchenko A, Yarmoshenko I. REVIEW

OF INDOOR RADON CONCENTRATIONS IN SCHOOLS AND
KINDERGARTENS. Radiat Prot Dosimetry. 2018;181(1):6-10. https://
doi.org/10.1093/rpd/ncy092

. Davis EA, Ou JY, Chausow C, Verdeja MA, Diwver E, Johnston JD,

et al. Associations Between School Characteristics and Classroom
Radon Concentrations in Utah's Public Schools: A Project Completed
by University Environmental Health Students. Int J Environ Res Public
Health. 2020;17(16):5839. https://doi.org/10.3390/ijerph 17165839

. Branco PT, Nunes RA, Alim-Ferraz MC, Martins FG, Sousa SI.

Children’s Exposure to Radon in Nursery and Primary Schools. Int J
Environ Res Public Health. 2016;13(4):386. https://doi.org/10.3390/
ilerph13040386

. Curado A, Silva JP, Lopes SI. Radon risk assessment in a low energy

consumption school building: A dosimetric approach for effective
risk management. Energy Rep. 2020;6(Suppl 1):897-902. 10.1016/.
egyr.2019.11.155 https://doi.org/10.1016/j.egyr.2019.11.165
Sabbarese C, Ambrosino F, D'Onofrio A. Development of radon
transport model in different types of dwellings to assess indoor
activity concentration. J Environ Radioact. 2021;227:106501. https://
doi.org/10.1016/].jenvrad.2020.106501

Khan SM, Pearson DD, Ronngvist T, Nielsen ME, Taron JM, Goodarzi
AA. Rising Canadian and falling Swedish radon gas exposure as a
consequence of 20th to 21st century residential build practices. Sci
Rep. 2021;11(1):17551. https://doi.org/10.1038/s41598-021-96928-x
Shergill S, Forsman-Phillips L, Nicol AM. Radon in Schools: A Review
of Radon Testing Efforts in Canadian Schools. Int J Environ Res Public
Health. 2021;18(10):5469. https://doi.org/10.3390/ijerph18105469
Taylor BK, Smith OV, Miller GE. Chronic Home Radon Exposure Is
Associated with Higher Inflalmmatory Biomarker Concentrations
in Children and Adolescents. Int J Environ Res Public Health.
2022;20(1):246. https://doi.org/10.3390/ijerph20010246

Simms JA, Pearson DD, Cholowsky NL, Irvine JL, Nielsen ME, Jacques
WR, et al. Younger North Americans are exposed to more radon gas
due to occupancy biases within the residential built environment. Sci
Rep. 2021;11(1):6724. https://doi.org/10.1038/541598-021-86096-3
Ramos MOS. Radonio-222 e a Ocorréencia de Cancer de Pulmao em
Municipios da Regiao Metropolitana de Recife com Afloramentos
de Fosforito Uranifero [thesis]. -Recife: Universidade Federal de
Pernambuco; 2020.

Petroni R, Lima SC. Os perigos associados a concentracao de radonio
(222Rn) em ambientes climatizados. Conforlab Engenharia Ambiental.
Available from: https://conforlab.com.br

Huntington-Moskos L, Rayens MK, Wiggins A, Hahn EJ. Radon,
Secondhand Smoke, and Children in the Home: Creating a
Teachable Moment for Lung Cancer Prevention. Public Health Nurs.
2016;33(6):529-5638. https://doi.org/10.1111/phn.12283

Neri A, McNaughton C, Momin B, Puckett M, Gallaway MS. Measuring
public knowledge, attitudes, and behaviors related to radon to inform
cancer control activities and practices. Indoor Air. 2018;28(4):604-610.
https://doi.org/10.1111/ina.12468

Riudavets M, Garcia de Herreros M, Besse B, Mezquita L. Radon
and Lung Cancer: Current Trends and Future Perspectives. Cancers
(Basel). 2022;14(13):3142. https://doi.org/10.3390/cancers 14133142
Kang JK, Seo S, Jin YW. Health Effects of Radon Exposure. Yonsei Med
J. 2019;60(7):597-603. https://doi.org/10.3349/ym;}.2019.60.7.597
Ruano-Ravina A, Varela Lema L, Garcia Talavera M, Garcia Gomez
M, Gonzalez Muhoz S, Santiago-Perez MI, et al. Lung cancer
mortality attributable to residential radon exposure in Spain and its
regions. Environ Res. 2021;199:111372. https://doi.org/10.1016/.
envres.2021.111372

Thandra KC, Barsouk A, Saginala K, Aluru JS, Barsouk A. Epidemiology
of lung cancer. Contemp Oncol (Pozn). 2021;25(1):45-562. https://doi.
0rg/10.5114/w0.2021.103829

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

Urrutia-Pereira M, Chatkin JM, Chong-Neto HJ, Sole D

Reddy A, Conde C, Peterson C, Nugent K. Residential radon exposure
and cancer. Oncol Rev. 2022;16(1):558. https://doi.org/10.4081/
oncol.2022.558

Cheng ES, Egger S, Hughes S, Weber M, Steinberg J, Rahman B,
et al. Systematic review and meta-analysis of residential radon and
lung cancer in never-smokers. Eur Respir Rev. 2021;30(159):200230.
https://doi.org/10.1183/16000617.0230-2020

Robertson A, Allen J, Laney R, Curnow A. The cellular and molecular
carcinogenic effects of radon exposure: a review. Int J Mol Sci.
2013;14(7):14024-14063. https://doi.org/10.3390/ijms 140714024
Barros-Dios JM, Ruano-Ravina A, Peérez-Rios M, Castro-Bernardez
M, Abal-Arca J, Tojo-Castro M. Residential radon exposure, histologic
types, and lung cancer risk. A case-control study in Galicia, Spain.
Cancer Epidemiol Biomarkers Prev. 2012;21(6):951-958. https://doi.
0rg/10.1158/1055-9965.EPI-12-0146-T

Rodriguez-Martinez A, Ruano-Ravina A, Torres-Duran M, Provencio
M, Parente-Lamelas |, Vidal-Garcia |, et al. Residential Radon and
Small Cell Lung Cancer. Final Results of the Small Cell Study. Arch
Bronconeumol. 2022;58(7):642-546. https://doi.org/10.1016/].
arbres.2021.01.027

Krewski D, Lubin JH, Zielinski JM, Alavanja M, Catalan VS, Field RW,
et al. Residential radon and risk of lung cancer: a combined analysis of
7 North American case-control studies. Epidemiology. 2005;16(2):137-
145. https://doi.org/10.1097/01.ede.0000152522.80261.e3

Zhang ZL, Sun J, Dong JY, Tian HL, Xue L, Qin LQ, et al. Residential
radon and lung cancer risk: an updated meta- analysis of case-control
studies. Asian Pac J Cancer Prev. 2012;13(6):2459-2465. https://doi.
0rg/10.7314/APJCP.2012.13.6.2459

Darby S, Hill D, Deo H, Auvinen A, Barros-Dios JM, Baysson H, et al.
Residential radon and lung cancer-detailed results of a collaborative
analysis of individual data on 7148 persons with lung cancer and
14,208 persons without lung cancer from 13 epidemiologic studies in
Europe [published correction appears in Scand J Work Environ Health.
2007 Feb;33(1):80]. Scand J Work Environ Health. 2006;32 Suppl 1:1-
83.

Leuraud K, Schnelzer M, Tomasek L, Hunter N, Timarche M, Grosche
B, et al. Radon, smoking and lung cancer risk: results of a joint analysis
of three European case-control studies among uranium miners. Radiat
Res. 2011;176(3):375-387. https://doi.org/10.1667/RR2377.1

Dubin S, Griffin D. Lung Cancer in Non-Smokers. Mo Med.
2020;117(4):375-379.

Darby S, Hill D, Auvinen A, Barros-Dios JM, Baysson H, Bochicchio F,
et al. Radon in homes and risk of lung cancer: collaborative analysis
of individual data from 13 European case-control studies. BMJ.
2005;330(7485):223. https://doi.org/10.1136/bm;].38308.477650.63
Lorenzo-Gonzalez M, Ruano-Ravina A, Torres-Duran M, Kelsey KT,
Provencio M, Parente-Lamelas |, et al. Lung cancer risk and residential
radon exposure: A pooling of case-control studies in northwestern
Spain. Environ Res. 2020;189:109968. https://doi.org/10.1016/.
envres.2020.109968

Su C, Pan M, Liu N, Zhang Y, Kan H, Zhao Z, et al. Lung cancer
as adverse health effect by indoor radon exposure in China from
2000 to 2020: A systematic review and meta-analysis. Indoor Air.
2022;32(11):e13154. https://doi.org/10.1111/ina.13154

LiC, Wang C, YuJ, Fan 'Y, Liu D, Zhou W, et al. Residential Radon and
Histological Types of Lung Cancer: A Meta-Analysis of Case-Control
Studies. Int J Environ Res Public Health. 2020;17(4):1457. https://doi.
0rg/10.3390/ijerph 17041457

Mema SC, Baytalan G. Radon and lung cancer risk. CMAJ.
2023;195(24):E850. https://doi.org/10.1503/cmaj.230110

MitigAir [homepage on the Internet]. Ottawa: Health Canada;
2021 [cited 2023 Jul 1]. Radon - what you need to know.
Available from: https:/;www.mitigair.com/?gclid=CjoKCQjwk
96I1BhDHARISAEKO4xaCBSksmnEahL8pga2yXcqu_creglx_
KBAM4FoBdk2IFSSCqPbQF84aAIBdEALW_wcB

Khan SM, Pearson DD, Ronngvist T, Nielsen ME, Taron JM, Goodarzi
AA. Rising Canadian and falling Swedish radon gas exposure as a
consequence of 20th to 21st century residential build practices. Sci
Rep. 2021;11(1):17551. https://doi.org/10.1038/s41598-021-96928-x
Government of Canada [homepage on the Internet]. Ottawa: Health
Canada; c2019 [cited 2023 Jul 1]. Radon: Isitin your home? Information
for health professionals. Available from: https:/Awww.canada.ca/
en/health-canada/services/environmental-workplace-health/reports-
publications/radiation/radon-is-it-in-you-home-information-health-
professionals.html

Messier KP, Serre ML. Lung and stomach cancer associations
with groundwater radon in North Carolina, USA. Int J Epidemiol.
2017;46(2):676-685. https://doi.org/10.1093/ije/dyw128

Kurkela O, Nevalainen J, Patsi SM, Kojo K, Holmgren O, Auvinen
A. Lung cancer incidence attributable to residential radon exposure

J Bras Pneumol. 2023;49(6):e20230210

7/8


https://lume.ufrgs.br/handle/10183/32667
https://doi.org/10.3390/ijerph18157907
https://doi.org/10.1093/rpd/ncy284
https://doi.org/10.1016/j.scitotenv.2020.139870
https://doi.org/10.1016/j.scitotenv.2020.139870
https://doi.org/10.1093/rpd/ncy092
https://doi.org/10.1093/rpd/ncy092
https://doi.org/10.3390/ijerph17165839
https://doi.org/10.3390/ijerph13040386
https://doi.org/10.3390/ijerph13040386
https://doi.org/10.1016/j.egyr.2019.11.155
https://doi.org/10.1016/j.jenvrad.2020.106501
https://doi.org/10.1016/j.jenvrad.2020.106501
https://doi.org/10.1038/s41598-021-96928-x
https://doi.org/10.3390/ijerph18105469
https://doi.org/10.3390/ijerph20010246
https://doi.org/10.1038/s41598-021-86096-3
https://conforlab.com.br
https://doi.org/10.1111/phn.12283
https://doi.org/10.1111/ina.12468
https://doi.org/10.3390/cancers14133142
https://doi.org/10.3349/ymj.2019.60.7.597
https://doi.org/10.1016/j.envres.2021.111372
https://doi.org/10.1016/j.envres.2021.111372
https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.4081/oncol.2022.558
https://doi.org/10.4081/oncol.2022.558
https://doi.org/10.1183/16000617.0230-2020
https://doi.org/10.3390/ijms140714024
https://doi.org/10.1158/1055-9965.EPI-12-0146-T
https://doi.org/10.1158/1055-9965.EPI-12-0146-T
https://doi.org/10.1016/j.arbres.2021.01.027
https://doi.org/10.1016/j.arbres.2021.01.027
https://doi.org/10.1097/01.ede.0000152522.80261.e3
https://doi.org/10.7314/APJCP.2012.13.6.2459
https://doi.org/10.7314/APJCP.2012.13.6.2459
https://doi.org/10.1667/RR2377.1
https://doi.org/10.1136/bmj.38308.477650.63
https://doi.org/10.1016/j.envres.2020.109968
https://doi.org/10.1016/j.envres.2020.109968
https://doi.org/10.1111/ina.13154
https://doi.org/10.3390/ijerph17041457
https://doi.org/10.3390/ijerph17041457
https://doi.org/10.1503/cmaj.230110
https://www.mitigair.com/?gclid=Cj0KCQjwk96lBhDHARIsAEKO4xaCBSksmnEahL8pga2yXcqu_cregLx_KBAm4FoBdk2lFSSCqPbQF84aAl8dEALw_wcB
https://www.mitigair.com/?gclid=Cj0KCQjwk96lBhDHARIsAEKO4xaCBSksmnEahL8pga2yXcqu_cregLx_KBAm4FoBdk2lFSSCqPbQF84aAl8dEALw_wcB
https://www.mitigair.com/?gclid=Cj0KCQjwk96lBhDHARIsAEKO4xaCBSksmnEahL8pga2yXcqu_cregLx_KBAm4FoBdk2lFSSCqPbQF84aAl8dEALw_wcB
https://doi.org/10.1038/s41598-021-96928-x
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/radiation/radon-is-it-in-you-home-information-health-professionals.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/radiation/radon-is-it-in-you-home-information-health-professionals.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/radiation/radon-is-it-in-you-home-information-health-professionals.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/radiation/radon-is-it-in-you-home-information-health-professionals.html
https://doi.org/10.1093/ije/dyw128

8/8

Radon exposure: a major cause of lung cancer in nonsmokers

53.

54.

55.

56.

57.

58.

59.

60.

in Finland. Radiat Environ Biophys. 2023;62(1):35-49. https://doi.
org/10.1007/s00411-022-01004-1

Hadkhale K, Atosuo J, Putus T. Groundwater radon exposure and
risk of lung cancer: A population-based study in Finland. Front Oncol.
2022;12:935687. https://doi.org/10.3389/fonc.2022.935687
Somsunun K, Prapamontol T, Pothirat C, Liwsrisakun C, Pongnikorn
D, Fongmoon D, et al. Estimation of lung cancer deaths attributable
to indoor radon exposure in upper northern Thailand. Sci Rep.
2022;12(1):5169. https://doi.org/10.1038/s41598-022-09122-y
Ponciano-Rodriguez G, Gaso MI, Armienta MA, Trueta C, Morales
|, Alfaro R, et al. Indoor radon exposure and excess of lung cancer
mortality: the case of Mexico-an ecological study. Environ Geochem

Health.  2021;43(1):221-234.  https://doi.org/10.1007/s10653-020-
00662-8
Torres-Duran M, Casal-Mourino A, Ruano-Ravina A, Provencio

M, Parente-Lamelas |, Hernandez-Hernandez J, et al. Residential
radon and lung cancer characteristics at diagnosis. Int J Radiat Biol.
2021;97(7):997-1002.  https://doi.org/10.1080/09553002.2021.19135
27

Maggiore G, DE Filippis G, Totaro T, Tamborino B, Idolo A, Serio F,
et al. Evaluation of radon exposure risk and lung cancer incidence/
mortality in South-eastern Italy. J Prev Med Hyg. 2020;61(1):E31-E38.
Brasil. Ministério da Salde. Instituto Nacional do Cancer (INCA)
[homepage on the Internet]. Rio de Janeiro: INCA; c2022 [updated
2022 Jul 18; cited 2023 Feb 1]. Cancer de Pulmao. Available from:
https://www.gov.br/inca/pt-br/assuntos/cancer/tipos/pulmao

Huang J, Deng Y, Tin MS, Lok V, Ngai CH, Zhang L, et al. Distribution,
Risk Factors, and Temporal Trends for Lung Cancer Incidence and
Mortality: A Global Analysis. Chest. 2022;161(4):1101-1111. https://
doi.org/10.1016/].chest.2021.12.655

Lorenzo-Gonzalez M, Torres-Duran M, Barbosa-Lorenzo R, Provencio-

J Bras Pneumol. 2023;49(6):e20230210

61.

62.

63.

64.

65.

66.

67.

68.

Pulla M, Barros-Dios JM, Ruano-Ravina A. Radon exposure: a major
cause of lung cancer. Expert Rev Respir Med. 2019;13(9):839-850.
https://doi.org/10.1080/17476348.2019.1645599

Field RW. Radon: A Leading Environmental Cause of Lung Cancer. Am
Fam Physician. 2018;98(5):280-282.

Ruano-Ravina A, Fernandez-Villar A, Barros-Dios JM. Residential Radon
and Risk of Lung Cancer in Never-Smokers. Arch Bronconeumol.
2017;53(9):475-476. https://doi.org/10.1016/).arbres.2017.01.004
Gaskin J, Coyle D, Whyte J, Krewksi D. Global Estimate of Lung
Cancer Mortality Attributable to Residential Radon. Environ Health
Perspect. 2018;126(5):057009. https://doi.org/10.1289/EHP2503

U.S. Environmental Protection Agency (EPA) [homepage on the
Internet]. Washington, DC: EPA; A Citizen's Guide to Radon: the
Guide TO Protecting Yourself and Your Family from Radon; 2016.
Available ~ from:  https://www.epa.gov/sites/default/files/2016-12/
documents/2016_a_citizens_guide_to_radon.pdf

Khan SM, Gomes J, Krewski DR. Radon interventions around the
globe: A systematic review. Heliyon. 2019;5(5):e01737. https://doi.
0rg/10.1016/).heliyon.2019.e01737

Radonleaders.org [homepage on the Internet]; ¢2022 [updated
2022 Jan; cited 2023 Feb 1]. The National Radon Action Plan 2021-
2025. Available from: http:;//www.radonleaders.org/sites/default/
files/2022-01/NRAP-2021-2025-Action-Plan-508.pdf

Instituto para la Salud Geoambiental [homepage on the Internet].
Madrid: Instituto para la Salud Geoambiental; c2022 [cited 2023 Feb 1].
Nueva ley de proteccion frente al radon. Disponivel em: https://www.
saludgeoambiental.org/nueva-ley-de-proteccion-frente-al-rado
Stanifer SR, Rayens MK, Wiggins A, Hahn EJ. Social Determinants
of Health, Environmental Exposures and Home Radon
Testing. West J Nurs Res. 2022;44(7):636-642. https://doi.
0org/10.1177/01939459211009561


https://doi.org/10.1007/s00411-022-01004-1
https://doi.org/10.1007/s00411-022-01004-1
https://doi.org/10.3389/fonc.2022.935687
https://doi.org/10.1038/s41598-022-09122-y
https://doi.org/10.1007/s10653-020-00662-8
https://doi.org/10.1007/s10653-020-00662-8
https://doi.org/10.1080/09553002.2021.1913527
https://doi.org/10.1080/09553002.2021.1913527
https://www.gov.br/inca/pt-br/assuntos/cancer/tipos/pulmao
https://doi.org/10.1016/j.chest.2021.12.655
https://doi.org/10.1016/j.chest.2021.12.655
https://doi.org/10.1080/17476348.2019.1645599
https://doi.org/10.1016/j.arbres.2017.01.004
https://doi.org/10.1289/EHP2503
https://www.epa.gov/sites/default/files/2016-12/documents/2016_a_citizens_guide_to_radon.pdf
https://www.epa.gov/sites/default/files/2016-12/documents/2016_a_citizens_guide_to_radon.pdf
https://doi.org/10.1016/j.heliyon.2019.e01737
https://doi.org/10.1016/j.heliyon.2019.e01737
http://www.radonleaders.org/sites/default/files/2022-01/NRAP-2021-2025-Action-Plan-508.pdf
http://www.radonleaders.org/sites/default/files/2022-01/NRAP-2021-2025-Action-Plan-508.pdf
https://www.saludgeoambiental.org/nueva-ley-de-proteccion-frente-al-rado
https://www.saludgeoambiental.org/nueva-ley-de-proteccion-frente-al-rado
https://doi.org/10.1177/01939459211009561
https://doi.org/10.1177/01939459211009561

