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Abstract: Background: this study aims to estimate the rate of death by cancer as a result of Radio
Base Station (RBS) radiofrequency exposure, especially for breast, cervix, lung, and esophagus
cancers. Methods: we collected information on the number of deaths by cancer, gender, age group,
gross domestic product per capita, death year, and the amount of exposure over a lifetime. We
investigated all cancer types and some specific types (breast, cervix, lung, and esophagus cancers).
Results: in capitals where RBS radiofrequency exposure was higher than 2000/antennas-year, the
average mortality rate was 112/100,000 for all cancers. The adjusted analysis showed that, the higher
the exposure to RBS radiofrequency, the higher cancer mortality was. The highest adjusted risk was
observed for cervix cancer (rate ratio = 2.18). The spatial analysis showed that the highest RBS
radiofrequency exposure was observed in a city in southern Brazil that also showed the highest
mortality rate for all types of cancer and specifically for lung and breast cancer. Conclusion: the
balance of our results indicates that exposure to radiofrequency electromagnetic fields from RBS
increases the rate of death for all types of cancer.

Keywords: cancer; mortality; electromagnetic fields; breast neoplasms; lung neoplasms; esophageal
neoplasms; uterine cervical neoplasms

1. Background

Mobile phones have become extremely common in modern times. Wireless
technology has a large number of Radio Base Stations (RBSs), which transmit information
through radiofrequency signals. In 2006, there were already more than 1.4 million RBSs
in the world [1]. In the Brazilian capitals, RBSs were implemented in 1992 in Brasilia (the
capital of Brazil), and in 2017, there were 27,145 RBSs indexed in the capitals [2].

The effect of electromagnetic fields emanating from RBS on health is not very well
known. The World Health Organization (WHO) reported, in 2006, that scientific
knowledge indicates that RBS radiofrequency exposure is within the international
standards and, therefore, does not pose a risk to human health [1]. However, in 2014, the
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WHO recognized the need to promote research to investigate the effect of the
radiofrequency field on human health as a priority in order to fill the knowledge gaps [3].
Several issues relating to new wireless technologies are currently highlighted: the
environmental impact of RBS radio frequency exposure, its effects on human health, its
thermal effects, and its noise emission [4].

In Brazil, the National Telecommunications Agency (ANATEL) is the entity that
regulates the electromagnetic emission of RBSs in accordance with the limits established
by Resolution No. 700 of 28 September 2018 (Union Official Diary) [5]. In addition to
ANATEL, telecommunication antenna installations are also regulated by municipal laws
in order to minimize environmental and human health impacts [4].

Mobile phone-derived electromagnetic fields are classified by the International
Agency for Research on Cancer (IARC) as possibly carcinogenic to humans [3,6,7]. The
intensity of the RBS radiofrequency fields is higher near the antenna and decreases as the
distance from it is greater [1,8]. In big cities, however, RBSs are located very close to
populated areas, above or between homes and businesses. The antennas are so close to
homes that the multi-story windows of residential buildings, for example, are side by side
to these antennas [9].

Despite the scarce knowledge on this subject, there are few resources allocated to
investigating the role of exposure to electromagnetic fields from RBSs on human health.
In the United States, for example, until 2010, no funding had been reserved by government
agencies to study the possible health effects on people living near RBSs [9]. This study
aims to estimate the rate of death for cancer according to RBS radiofrequency exposure,
especially by breast, cervix, lung, and esophagus cancers, which are among the most
common cancers in Brazil for men, women, or both sexes.

2. Methods

This is an ecological study using capitals as the unit of analysis. We collected
information on the number of deaths by cancer per gender, age group, Gross Domestic
Product (GDP) per capita, death year, and the amount of exposure over a lifetime.

Information on deaths by cancer per gender and age was collected from the Mortality
National System (SIM) from the Computer Science Department of the Unified Health
System (DATASUS) website [10]. We investigated all cancer types and some specific
types: (1) deaths by breast cancer (International Classification of Diseases 10th Revision
(ICD10) group—malignant breast neoplasms), (2) deaths by cervix cancer (C54 category
of ICD10—malignant neoplasm of the cervix), (3) deaths by lung cancer (C34 category of
ICD10—malignant neoplasms of the bronchi and lungs), and (4) deaths by esophageal
cancer (C15 category of ICD10—malignant neoplasm of the esophagus). The choice of
these specific types of cancer for this study took into account the high frequency of new
cases in women or in men. Current statistics from 2020 from the National Cancer Institute
show that breast cancer had the highest number of new cases in 2020 for women (about
66,000 cases, corresponding to about 30% of cases). Cervical cancer was the third, with
more new cases in 2020 in women. Lung cancer was the fourth with more new cases in
2020 in men and women, and esophageal cancer was the sixth with more new cases in
men. With regard to mortality, data from 2018 indicate that the cancers selected for this
study are among the top five in number of deaths. These values refer to both genders for
lung cancer, to female strata for breast and cervical cancers, and to the male stratum for
esophageal cancer [11]. Although brain cancer does not have a high frequency in Brazil
and metastatic brain tumors are more frequent than primary brain tumors, as several
studies have evaluated their relationship with exposure to electromagnetic fields, we have
included the results of the analysis of this type of cancer in supplementary Tables S1 and
S2.

Census population data [12] and GDP were also collected from the DATASUS
website [10]. The number of RBSs and the year they were implemented in each capital
were collected from Telecommunication Service System [2].
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People’s exposure times were calculated according to birth and death years. The
annual RBS radiofrequency exposure was calculated by summing the number of RBS
implementations in each year multiplied by the people’s exposure time. The total
exposure was calculated from the sum of annual exposures.

A map with charts was built using the mortality rate per square kilometer (km?) and
the median of RBS radiofrequency exposure in the 2010-2017 period.

3. Statistical Analysis

We calculated the median and interquartile range of mortality rate per 100,000
according to the levels of explanatory variables. The Kruskal-Wallis test was used to
access the statistical differences between groups.

Multilevel Poisson regression models were used to estimate the risk-adjusted
mortality. The response variable was death by cancer, and the fixed effects were the
logarithm transformation of RBS radiofrequency exposure, gender, age group, and death
year. We also included an offset with the logarithm of population size. The random effects
included capital city (intercept), square root transformation of GDP (slope), and capital’s
area per km? (slope). When the response variables were death by breast and cervix cancer,
the gender was not included as a fixed effect, as only females were investigated.

The abovementioned logarithmic transformations and the square root
transformation were used to normalize the distribution of variables. We used R-Project
version 3.6.1 (R Foundation, Vienna, Austria) and ArcGis version 10.5 (Environmental
Systems Research Institute, Redlands, CA, USA) to perform the analysis.

4. Results

For all cancers and for the specific types investigated (breast, cervix, lung, and
esophagus cancers), the higher the exposure to RBS radiofrequency, the higher the median
of mortality rate. In capitals where RBS radiofrequency exposure was higher than
2000/antennas-year, the median of the breast cancer mortality rate was 27.33/100,000,
while for all cancers, it was 111.68/100,000 (Table 1).

Table 1. Descriptive analysis of cancer mortality in Brazilian capitals.

Breast Cervix Lung Esophagus All Cancers
Median/10°(IQR) Median/10°(IQR) Median/10°(IQR)  Median/10°(IQR)  Median/10° (IQR)
RBS-sign * * * * *
<500 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 7.30 (44.94)
501-1000 1.16 (27.11) 2.74 (26.30) 0.00 (38.97) 0.00 (0.00) 26.32 (382.14)
1001-2000 20.12 (54.53) 7.38 (25.79) 4.47 (63.42) 0.00 (8.74) 71.95 (500.43)
>2000 27.33 (63.06) 9.56 (16.43) 9.58 (76.46) 1.62 (14.21) 111.68 (552.78)
Sex-sign * * *
Female 3.77 (46.88) 0.00 (3.17) 75.31 (360.87)
Male 4.31 (98.82) 0.45 (22.06) 56.49 (540.97)
Age group-sign * * * * *
<30 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 5.75 (4.53)
30-49 9.89 (13.56) 6.75 (7.31) 1.81 (4.39) 0.00 (1.13) 38.59 (44.90)
50-69 43.43 (20.19) 15.02 (14.71) 34.08 (42.50) 6.75 (16.28) 258.79 (240.76)
260 91.18 (64.51) 27.35 (37.02) 159.40 (159.63) 20.31 (39.68) 1178.11 (1012.72)
Year-sign NS NS NS NS NS
2010-2011 16.95 (52.66) 6.29 (19.36) 4.44 (64.91) 0.00 (8.87) 68.76 (508.70)
2012-2013 15.98 (56.94) 6.42 (19.09) 4.13 (66.30) 0.00 (10.29) 65.09 (501.19)
2014-2015 17.36 (56.05) 8.29 (19.52) 4.13 (65.15) 0.00 (9.54) 65.56 (491.10)
2016-2017 18.01 (52.08) 7.62 (16.66) 3.54 (65.52) 0.00 (8.22) 61.87 (444.41)

RBS = exposure to radio base stations (antennas-year); IQR = interquartile range; sign = statistical significance —
significance. * p-value < 0.001 and NS, p-value > 0.05.
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Females showed the highest median of mortality rate for all cancers but specifically
for lung and esophagus cancers; the highest median of mortality rate was observed in
males (4.31/100,000 and 0.45/100,000, respectively) (Table 1).

For all cancers and for the specific types investigated, the higher the age group, the
higher the median of mortality rate. Lung and breast cancers showed high medians of
mortality rate (159.40/100,000 and 91.18/100,000, respectively) (Table 1).

The median of mortality rate for all types of cancer decreased from 68.76/100,000 to
61.87/100,000 over the period. For breast, cervix, lung, and esophagus cancers, it showed
slight variations over the period, around 17/100,000, 7/100,000, 4/100,000, and lower than
one per 100,000, respectively (Table 1).

In the adjusted analysis, the results showed that the higher the logarithm of RBS ra-
diofrequency exposure, the higher the cancer mortality rate. The highest adjusted risk was
observed for cervix cancer (Rate Ratio (RR) = 2.18) (Table 2).

Table 2. Adjusted risk of cancer mortality in Brazilian capitals.

Breast Cervix Lung Esophagus All Cancers

RR

Sign RR Sign RR Sign RR Sign RR Sign

Fixed effects

Log RBS 1.25 ek 2.18 g 1.14 wxx 1.18 ** 1.15 o
Sex
Female 1.00 1.00 1.00
Male 1.97 e 4.88 g 1.42 o
Age group
<30 1.00 1.00 1.00 1.00 1.00
3049 37.59 ek 13.82 o 20.11 e 73.84 o 6.06 ek
50-69 132.29 X 30.74 *EE 323.80 e 876.50 o 40.73 ek
>60 297.55 wEE 53.88 o 1250.63 o 2154.44 o 164.61 o
Year
2010-2011 1.00 1.00 1.00 0.00 1.00
2012-2013 0.97 NS 0.78 i 0.97 NS 0.96 NS 0.98 *
2014-2015 0.96 NS 0.62 *EE 0.93 ** 0.88 *EE 0.95 o
2016-2017 0.81 ** 0.46 e 0.84 e 0.76 o 0.84 ek
Random effects
Std Dev Std Dev Std Dev Std Dev
Capital (intercept) 0.61 ok 1.55 o 0.19 i 0.86 o 0.28 i
Sqrt GDP (slope) 0.00 wHE 0.01 i 0.00 wHE 0.00 i 0.00 o
Area/Km? (slope) 0.00 NS 0.00 NS 0.00 NS 0.00 * 0.00 NS
Deviance 12274 8345 24732 10364 100918

Sqrt GDP = square root transformation of gross domestic product per capita; RR =rate ratio; Std Dev = standard deviation;
Log RBS = logarithm transformation of radio base station radiofrequency exposure (RBS radiofrequency exposure = sum

of the number of RBS in eac

AN

h year multiplied by the exposure time); sign = statistical significance - significance. *** p-value

<0.001; ** p-value < 0.01; * p-value < 0.05; and NS, p-value > 0.05.

A multilevel Poisson model was used to estimate the risk of cancer mortality. Except
for breast and cervix cancers, which were estimated only for women, every adjusted mod-
elsincluded as fixed effects the variables sex, logarithm of RBS, age group, and death year.
The variables included as random effects were capital (intercept), GDP (slope), and
area/Km? (slope). The offset of the population was also included in the models.

Males showed the highest adjusted risk of lung, esophagus, and all types of cancer
(Table 2), although the median of mortality rate for all cancers was higher for females in
the bivariate analysis (the results are shown in Table 1).

As expected, there was an increasing trend in the adjusted risk of cancer mortality in
the older the age group. Compared to people younger than 30 years old, the adjusted risks
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were 297.55, 53.88, 1250.63, 2154.44, and 164.61 for breast, cervix, lung, esophagus cancer,
and all cancers, respectively (Table 2).

For cervix cancer and all types of cancers, there was a decreasing trend in the adjusted
risk of cancer mortality for more recent periods. For lung and esophagus cancers, this
trend is observed from 2014-2015 period (Table 2).

The inclusion of random effects was significant in every models for the following
effects: “capital” (intercept) and “square root of GDP” (slope). However, for the “area of
the capital” (slope), it was significant only for esophagus cancer. For all models, the great-
est standard deviation of random effects was observed for the “capital” (intercept) (Table
2).

The spatial descriptive analysis showed that the highest median of RBS radiofre-
quency exposure was observed in Floriandpolis (South of Brazil) (44.23 antennas-
year/km?). Floriandpolis also has the highest mortality rate per km? for all types of cancer
and specifically for lung and breast cancer (0.09/100,000, 0.31/100,000, and 0.93/100,000,
respectively). Recife (Northeast) and Belo Horizonte (Southeast) showed medians of RBS
radiofrequency exposure higher than 20 antennas-year/km?, and their mortality rates per
km? for all cancers were 0.29/100,000 and 0.19/100,000, respectively. Vitoria (Southeast),
Teresina, Fortaleza, Natal, and Aracaju (both in Northeast) showed medians of RBS ra-
diofrequency exposure higher than 10 antennas-year/km?, and mortality rate per km? for
all types of cancer were 0.60/100,000, 0.49/100,000, 0.21/100,000, 0.35/100,000, and
0.38/100,000, respectively (Figure 1).
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Figure 1. Distribution of the cancer mortality rate in each capital and their experience of exposure
to radio base stations radiofrequency, 2010-2017. RBS = median of the number of radio base sta-
tion radiofrequency exposure (RBS radiofrequency exposure = sum of the number of RBS in each
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year multiplied by the exposure time). RBS/Area_Km?2 = median of the number of RBS per Km?.
We used the median of mortality rate. Breast/Area_K2, Cervix/Area_K2, Lung/Area_K2, or Esoph-
agus/Area_K2 = median mortality rate for a specific cancer type per Km?.

5. Discussion

The biological effects of exposure to electromagnetic fields were investigated in some
studies, mainly experimental studies with mice. The authors point out the following ef-
fects: an increase in the calcium efflux in human neuroblastoma cells, impairing cellular
functions [13]; changes in the immune system [14]; a decrease in reproductive function
[15]; an increase in serum testosterone levels [16]; an increase in permeability of the blood—
brain barrier, which protects the brain from toxic substances, bacteria, and viruses [17];
and damage to cell DNA [18-20].

The evidence of radiofrequency radiation carcinogenesis has increased since 2011.
Some animal studies suggest that exposure to electromagnetic fields accelerate the devel-
opment of sarcoma colonies in the lung, mammary tumors, skin tumors, hepatomas, and
sarcomas [21,22]. This study detected an increase in the rate of death by cancer in capitals
where there is a greater exposure to electromagnetic fields emanating from radio base
stations. Studies made in Stockholm (Sweden) indicate that high levels of environmental
radiofrequency radiation are quite present in residential and commercial areas [23-25]. In
the United Kingdom, at the beginning of 2009, there were 51,300 RBSs and two thirds were
installed in existing buildings or other structures [9].

Dode et al., 2011, pointed that electromagnetic fields from telecommunication sys-
tems is an important environmental problem nowadays [8]. The authors detected 6724
deaths by neoplasia occurring within an area of 500 m from the RBS and 320 deaths within
an area between 500 and 1000 m. The mortality rate within an area of 500 m was 34.76 per
10,000 inhabitants, while within an area of 1.000 m, the rate was 32.78 [8].

Although in the present study, we investigate all cancers, we also investigated breast,
cervix, lung, and esophagus cancers separately. In a mortality study performed in Brazil,
breast and lung cancers were among the main cancers related to radiofrequency electro-
magnetic fields from RBS radiofrequency exposure [8].

Breast and cervix cancer have cure rates of around 95% when diagnosed early [26].
Mortality from breast cancer continues to increase in Brazilian capitals, while mortality
from cervical cancer remains stable, unlike what occurs in developed countries, in which
mortality for these cancers is decreasing. Lung cancer has less chances to be cured when
detected in the early stages (56%) [26]. Esophageal cancer is difficult to detect early. In
most cases, the signs and symptoms only appear in more advanced stages of the disease
[26].

Despite the advance in knowledge about cancer, not all countries seem to benefit
from this advance. This is the case of low- and middle-income countries, where a signifi-
cant portion of the population does not have access to diagnosis and treatment, decreasing
their chances of survival.

In the present study, we detected that the higher the exposure to radiofrequency elec-
tromagnetic fields from RBSs, the higher cancer mortality is. A study conducted in Israel
also found that low-frequency electromagnetic fields contribute to breast cancer develop-
ment [27-29]. Others studies also referred to the relationship between cancer and radiof-
requency electromagnetic fields [30,31], including in animal studies [32].

In addition to exposures to radiofrequency electromagnetic fields, we have to con-
sider other factors that contribute to the increase in cancer incidence and mortality. In
Brazil, about 70% of the population depends on public health [33], and there are difficul-
ties accessing cancer diagnosis and treatment in public health services. Opportunistic
screening is still adopted, performed only when the patient in the risk group comes to the
health service and there is difficulty starting cancer treatment within 60 days, as required
by Brazilian law [34]. The consequences of these problems are the worsening of the disease
and the high number of preventable deaths.
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The main risk factor for lung cancer is tobacco consumption, which is higher for
males [35]. Tobacco consumption has been decreasing gradually in Brazil from 1980 to
2013 [36], and this decline may have contributed in some way to reducing lung cancer
mortality in men over time [37]. The main risk factors for esophageal cancer are the high
intake of hot drinks [38], alcoholic beverages, and tobacco; low ingestion of fruit and veg-
etable; and exposure to occupational agents like benzene, silica, and asbestos [39]. Family
history is one of the most important breast cancer risk factors [40]. However, there are
many other risk factors, such as aging, genetic mutations, reproductive history, dense
breasts, past history of breast disease, previous treatment with radiotherapy, sedentary
lifestyle, overweight or obesity after menopause, alcohol intake, and use of hormones and
some oral contraceptives [41]. Cervix cancer risk factors are associated with the risk of
Human Papillomavirus (HPV) infection. A high number of pregnancies and no regular
preventive colpocytology are pointed out as risk factors to cervix cancer [42].

In the present study, a capital located in the south showed the highest RBS radiofre-
quency exposure and the highest mortality by cancer (Floriandpolis). In fact, other studies
have also reported high rates of cancer in this capital [43—47].

Our results showed that, in general, men had a higher mortality rate of esophageal
and lung cancer and that this rate increases with age. In fact, the scientific literature cor-
roborates these results [48-52].

In order to keep the cellular sets running, the radiofrequency transmitters installed
on the tops, roofs, and fagades of buildings and residences emit electrical and magnetic
fields 24 h a day. However, it is known by scientific knowledge that the nonthermal mag-
netic component can penetrate deeper into the body than the electrical one [53].

A person can stand at a fixed distance to an RBS and be exposed to 100% of the max-
imum permissible exposure or 5% of it depending on the antenna height and the by-
stander altitude. Therefore, people living in the upper floors of a building located in front
of the antennas receive radiofrequency corresponding to 100% of the maximum permissi-
ble exposure [54]. Those data were confirmed in the Post-Graduation Project conducted
at the Federal University of Minas Gerais (UFMG), Brazil, based on measures made in the
capital of the state inside 400 residences located near the RBS from 2015 to 2019, measure-
ments made by “MRE Engenharia—Medi¢ao de Radia¢des Eletromagnéticas” [55].

The measured values of the electrical and magnetic fields have shown more human
exposure to electromagnetic radiation in an area within a 500 m radius from the transmit-
ter antennas of cellular telephony [8]. To avoid hazards to human health, the safest solu-
tion would be to switch off the RBS in an area within a 500 m radius from residences,
workplaces, hospital areas, kindergartens, and buildings.

As a limitation, it is important to note that this study used cancer data from national
Brazilian sources, which can provide underestimated rates at different levels according to
the region. For example, a study conducted in northern Brazil found a large proportion of
deaths classified as unspecified uterine cancer. After the proportional redistribution of
these deaths, there was an increase of 46% in the average cervical cancer mortality rates
[56]. Another study conducted in a northeastern region of Brazil highlights that, within
the older age group, the number of deaths before and after correction showed a significant
variation, especially for breast cancer, where variation reached 54% [57].

Still as limitations of the study, we highlight two more points. As this is an ecological
study and due to the unavailability of individual dwelling time data, the time that each
individual lived close to an RBS could not be accessed. The possible migratory movements
could also not be considered for calculation of the amount of exposure to RBS radio fre-
quency throughout life in the resident population. This was calculated only according to
birth, death year, and the year in which the RBS was implemented. However, people
could have been born in another city and then migrated to the capital where the death
was recorded. The other point is the proximity of stations to places of residence that inter-
fere with the level of exposure of individuals. As it is an ecological study in which the unit
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of analysis is the capital, this study did not take into account the distances between sta-
tions and homes.

6. Conclusions

The balance of our results indicates that the exposure to radiofrequency electromag-
netic fields from an RBS increases the rate of mortality by all cancers and specifically by
breast, cervix, lung, and esophageal cancers. These conclusions are based on the fact that
the findings of this study indicate that, the higher the RBS radiofrequency exposure, the
higher the cancer mortality rate, especially for cervix cancer (adjust RR =2.18). The spatial
analysis showed that the highest RBS radiofrequency exposure was observed in a city lo-
cated in the southern region of Brazil, which also showed the highest mortality rate for all
types of cancer and specifically for lung and breast cancers.

Environmental pollution caused by nonionizing electromagnetic fields increases con-
tinuously. The location of RBSs is still a controversial field with regard to their regulation.
There are numerous RBSs installed in residential areas, including on their roofs. Some
epidemiological studies indicate an increased risk of cancer close to RBSs. It is important
that further epidemiological investigations are conducted to elucidate the role of the en-
vironment in radiofrequency signals on carcinogenesis processes.

Supplementary Materials: The following are available online at www.mdpi.com/1660-
4601/18/3/1229/s1, Table S1: Descriptive analysis of brain cancer mortality in Brazilian capitals, Table
S2: Adjusted risk of brain cancer mortality in Brazilian capitals.

Author Contributions: Conceptualization, N.C.P.R.; methodology, N.C.P.R.; software, N.C.P.R,;
formal analysis, N.C.P.R. and R.P.R.; investigation, N.C.P.R.; data curation, R.P.R.; writing—origi-
nal draft preparation, N.C.P.R.; writing—review and editing, N.C.P.R., A.C.D., MK.d.N.A, G.O,,
D.LMM. LN.CR, V.CF., RP.R. and V.T.S.L.; visualization, A.C.D., M.K.d.N.A., G.O.,, D.LM.M.,
ILN.C.R, V.CF. and V.T.S.L,; supervision, N.C.P.R. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Print Fiocruz-Capes.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  WHO. Electromagnetic Fields and Public Health Genebra: World Health Organization. 2006. Available online:
https://www.who.int/peh-emf/publications/facts/fs304/en/ (accessed on 11 November 2019).

2. ANATEL ANDT. SISTEMA DE SERVICOS DE TELECOMUNICACOES Brasilia. 2019. Available online: https://siste-
mas.anatel.gov.br/stel/consultas/ListaEstacoesLocalidade/tela.asp (accessed on 10 October 2019).

3. WHO. Electromagnetic Fields and Public Health: Mobile Phones Genebra: WHO. 2014. Available online:
https://www.who.int/en/news-room/fact-sheets/detail/electromagnetic-fields-and-public-health-mobile-phones (accessed on
11 November 2019).

4. Alves, A.A.; Almeida, M.d.G.; Ribeiro, M.M. Mapeamento do Posicionamento Geografico de Estagcdes Radio Base Do Servigo
Moével Celular Utilizando Sensoriamento Remoto Curitiba: Anais XV Simpdsio Brasileiro de Sensoriamento Remoto. 2011.
Available online: http://marte.sid.inpe.br/col/dpi.inpe.br/marte/2011/07.07.18.44/doc/p0333.pdf?metadatarepository=&mir-
ror=urlib.net/www/2011/03.29.20.55 (accessed on 10 October 2019).

5. DOU DOdU. Resolugao n® 700, de 28 de Setembro de 2018 Brasilia: Agéncia Nacional de Telecomunica¢gdes, ANATEL. 2018.
Available online: https://www.anatel.gov.br/legislacao/en/resolucoes/2018/1161-resolucao-700 (accessed on 11 November 2019).

6. IARC IAfRoC. IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGNETIC FIELDS AS POSSIBLY CARCINOGENIC to

HUMANS France: IARC. 2011. Available online: https://www iarc.fr/wp-content/uploads/2018/07/pr208_E.pdf (accessed on 11
November 2019).



Int. ]. Environ. Res. Public Health 2021, 18, 1229 90f10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Humans IWGotEoCRt. Non-ionizing radiation, Part 2: Radiofrequency electromagnetic fields. JARC Monogr. Eval. Carcinog.
Risks Hum. 2013, 102 Pt 2, 1-460.

Dode, A.C.; Leao, M.M.D.; Tejo, F.D.A.; Gomes, A.C.; Dode, D.C.; Dode, M.C.; Moreira, C.W.; Condessa, V.A.; Albinatti, C.;
Caiaffa, W.T. Mortality by neoplasia and cellular telephone base stations in the Belo Horizonte municipality, Minas Gerais state,
Brazil. Sci. Total Environ. 2011, 409, 3649-3665, d0i:10.1016/j.scitotenv.2011.05.051.

Levitt, B.B.; Lai, H. Biological effects from exposure to electromagnetic radiation emitted by cell tower base stations and other
antenna arrays. Environ. Rev. 2010, 18, 369-395, doi:10.1139/a10-018.

DATASUS MdS. Informagdes de Saude (TABNET)—DATASUS 2020. Available online: http://tabnet.data-
sus.gov.br/cgi/tabcgi.exe?sim/cnv/obt10uf.def (accessed on 4 April 2020).

INCA. Estatisticas de Cancer Rio de Janeiro: Instituto Nacional do Céancer. 2020. Available online: https://www.inca.gov.br/nu-
meros-de-cancer (accessed on 12 December 2020).

IBGE. Instituto Brasileiro de Geografia e Estatistica. 2017. Available online: http://www.ibge.gov.br/home/ (accessed on 6 June
2017).

Dutta, S.K.; Ghosh, B.; Blackman, C. Radiofrequency radiation-induced calcium ion efflux enhancement from human and other
neuroblastoma cells in culture. Bioelectromagnetics 1989, 10, 197-202, doi:10.1002/bem.2250100208.

Fesenko, E.E.; Makar, V.R;; Novoselova, E.G.; Sadovnikov, V.B. Microwaves and cellular immunity. I. Effect of whole body
microwave irradiation on tumor necrosis factor production in mouse cells. Bioelectrochem. Bioenergy 1999, 49, 29-35.

Magras, LN.; Xenos, T.D. RF radiation-induced changes in the prenatal development of mice. Bioelectromagnetics 1997, 18, 455—
461.

Forgacs, Z.; Somosy, Z.; Kubinyi, G.; Bakos, J.; Hudak, A.; Surjan, A.; Thurdczy, G. Effect of whole-body 1800MHz GSM-like
microwave exposure on testicular steroidogenesis and histology in mice. Reprod. Toxicol. 2006, 22, 111-117,
doi:10.1016/j.reprotox.2005.12.003.

Persson, B.; Salford, L.G.; Brun, A. Blood-brain barrier permeability in rats exposed to electromagnetic fields used in wireless
communication. Wirel. Netw. 1997, 3, 455-461, d0i:10.1023/a:1019150510840.

Phillips, ]J.L.; Ivaschuk, O.; Ishida-Jones, T.; Jones, R.A.; Campbell-Beachler, M.; Haggren, W. DNA damage in Molt-4 T-
lymphoblastoid cells exposed to cellular telephone radiofrequency fields in vitro. Bioelectrochem. Bioenergy 1998, 45, 103-110,
do0i:10.1016/s0302-4598(98)00074-9.

Belyaev, 1.Y.; Markova, E.; Hillert, L.; Malmgren, L.O.; Persson, B.R. Microwaves from UMTS/GSM mobile phones induce long-
lasting inhibition of 53BP1/gamma-H2AX DNA repair foci in human lymphocytes. Bioelectromagnetics 2009, 30, 129-141.
Kesari, K.K.; Behari, J. Fifty-gigahertz Microwave Exposure Effect of Radiations on Rat Brain. Appl. Biochem. Biotechnol. 2008,
158, 126-139, d0i:10.1007/s12010-008-8469-8.

Szudzinski, A.; Pietraszek, A.; Janiak, M.; Wrembel, J.; Kalczak, M.; Szmigielski, S. Acceleration of the development of benzop-
yrene-induced skin cancer in mice by microwave radiation. Arch. Dermatol. Res. 1982, 274, 303-312.

Szmigielski, S.; Szudzinski, A.; Pietraszek, A.; Bielec, M.; Janiak, M.; Wrembel, J.K. Accelerated development of spontaneous
and benzopyrene-induced skin cancer in mice exposed to 2450-MHz microwave radiation. Bioelectromagnetics 1982, 3, 179-191.
Carlberg, M.; Hedendahl, L.; Koppel, T.; Hardell, L. High ambient radiofrequency radiation in Stockholm city, Sweden. Oncol.
Lett. 2018, 17, 1777-1783, d0i:10.3892/01.2018.9789.

Hardell, L.; Carlberg, M.; Hedendahl, L.K. Radiofrequency radiation from nearby base stations gives high levels in an apartment
in Stockholm, Sweden: A case report. Oncol. Lett. 2018, 15, 7871-7883.

Koppel, T.; Ahonen, M.; Carlberg, M.; Hedendahl, L.K.; Hardell, L. Radiofrequency radiation from nearby mobile phone base
stations-a case comparison of one low and one high exposure apartment. Oncol. Lett. 2019, 18, 5383-5391,
d0i:10.3892/01.2019.10899.

INCA. Tipos de Cancer Rio de Janeiro: Instituto Nacional do Cancer. 2019. Available online: https://www.inca.gov.br/tipos-de-
cancer (accessed on 12 December 2020).

Beniashvili, D.; Avinoach, I.; Baazov, D.; Zusman, I. Household electromagnetic fields and breast cancer in elderly women. In
Vivo 2005, 19, 563-566.

Beniashvili, D.; Avinoach’M, I; Baasov, D.; Zusman, 1. The role of household electromagnetic fields in the development of
mammary tumors in women: clinical case-record observations. Med. Sci. Monit. 2005, 11, CR10-3.

Beniashvili, D.I.; Baazov, D.S.h. Ultrastructural organization of epiphysis in rats under the action of electromagnetic fields and
during mammary carcinogenesi. Georgian Med. News 2005, 127, 61-64.

Mortazavi, S.A.R.; Mortazavi, S.M.]. Women with hereditary breast cancer predispositions should avoid using their
smartphones, tablets, and laptops at night. Iran. . Basic Med. Sci. 2018, 21, 112-115.

Meena, J.K.; Verma, A.; Kohli, C.; Ingle, G.K. Mobile phone use and possible cancer risk: Current perspectives in India. Indian ].
Occup. Environ. Med. 2016, 20, 5-9, d0i:10.4103/0019-5278.183827.

Program USNT. Cell Phone Radio Frequency Radiation: United State of American. 2019. Available online:
https://www .ncbinlm.nih.gov/pubmed/ (accessed on 11 November 2019).

IBGE. Pesquisa Nacional de Satide 2019 Rio de Janeiro: Instituto Brasileiro de Geografia e Estatistica; Rio de Janeiro, Rio de Janeiro,
Brazil, 2020. Available online: https://www.ibge.gov.br/estatisticas/sociais/saude/9160-pesquisa-nacional-de-
saude.html?=&t=downloads (accessed on 12 December 2020).



Int. ]. Environ. Res. Public Health 2021, 18, 1229 10 of 10

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

MS. PORTARIA N¢ 1220, DE 3 DE JUNHO DE 2014 Brasilia: Ministério da Saude. 2014. Available online:
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2014/prt1220_03_06_2014.html (accessed on 12 December 2020).

Filho, V.W.; Boffetta, P.; Colin, D.; Moncau, J.E. Familial cancer aggregation and the risk of lung cancer. Sao Paulo Med. ]. 2002,
120, 38—44, doi:10.1590/s1516-31802002000200003.

INCA. Consumo de Cigarro per Capita Rio de Janeiro: Ministério da Saade. 2019. Available online:
https://www.inca.gov.br/en/node/1421 (accessed on 4 April 2019).

Jemal, A; Torre, L.; Soerjomataram, I. The Cancer Atlas: American Cancer Society, 3rd; 2019. Available online: https://cancerat-
las.cancer.org/wp-content/uploads/2019/10/ACS_CA3_Book.pdf (accessed on 12 December 2020).

Yang, X,; Ni, Y.; Yuan, Z; Chen, H,; Plymoth, A; Jin, L.; Chen, X.; Lu, M.; Ye, W. Very hot tea drinking increases esophageal
squamous cell carcinoma risk in a high-risk area of China: A population-based case-control study. Clin. Epidemiol. 2018, 10,
1307-1320.

Holmes, R.S.; Vaughan, T.L. Epidemiology and Pathogenesis of Esophageal Cancer. Semin. Radiat. Oncol. 2007, 17, 2-9,
doi:10.1016/j.semradonc.2006.09.003.

Pinho, V.F.; Coutinho, E.S. Risk factors for breast cancer: A systematic review of studies with female samples among the general
population in Brazil. Cad. Saude Publica 2005, 21, 351-360.

CDC CfDCaP. Breast Cancer Washington: U.S. Department of Health & Human Services. 2018. Available online:
https://www.cdc.gov/cancer/breast/basic_info/risk_factors.htm (accessed on 4 April 2019).

Lima, C.A.; Palmeira, J.A.V.; Cipolotti, R. Fatores associados ao cancer do colo uterino em Propria, Sergipe, Brasil. Cad. Saiide
Piiblica 2006, 22, 2151-2156.

Panis, C.; Kawasaki, A.C.B.; Pascotto, C.R.; Justina, E.Y.D.; Vicentini, G.E.; Lucio, L.C.; Prates, R.T.C. Critical review of cancer
mortality using hospital records and potential years of life lost. Einstein 2018, 16, e AO4018.

das Neves, F.J.; Mattos, L.E.; Koifman, R.]. Colon and rectal cancer mortality in Brazilian capitals, 1980-1997. Arq. Gastroenterol.
2005, 42, 63-70.

Ferreira, F.R.; Nascimento, L.F.C. Mortality due to cutaneous melanoma in south region of Brazil: a spatial approach*. An. Bras.
Dermatol. 2016, 91, 437-441, doi:10.1590/abd 1806-4841.20165122.

Franga, E.B.; Passos, V.M.A.; Malta, D.C.; Duncan, B.B.; Ribeiro, A.L.P.; Guimaraes, M.D.C.; Abreu, D.M.X.; Vasconcelos, A.M.N.;
Carneiro, M.; Teixeira, R.; et al. Cause-specific mortality for 249 causes in Brazil and states during 1990-2015: A systematic
analysis for the global burden of disease study 2015. Popul. Health Metr. 2017, 15, 39.

Guerra, M.R,; Bustamante-Teixeira, M.T.; Corréa, C.S.L.; Abreu, D.M.X,; Curado, M.P.; Mooney, M.; Naghavi, M.; Teixeira, R.;
Franga, E.B.; Malta, D.C. Magnitude and variation of the burden of cancer mortality in Brazil and Federation Units, 1990 and
2015. Rev. Bras. Epidemiol. 2017, 20, 102-115.

Dela Cruz, C.S.; Tanoue, L.T.; Matthay, R.A. Lung cancer: Epidemiology, etiology, and prevention. Clin. Chest. Med. 2011, 32,
605-644.

de Groot, P.M.; Wu, C.C,; Carter, B.W.; Munden, R.F. The epidemiology of lung cancer. Transl. Lung Cancer Res. 2018, 7, 220—
233.

Barta, J.A.; Powell, C.A.; Wisnivesky, ].P. Global Epidemiology of Lung Cancer. Ann. Glob. Health 2019, 85, 8.

Zhang, Y. Epidemiology of esophageal cancer. World ]. Gastroenterol. 2013, 19, 5598-5606.

Asombang, A.W.; Chishinga, N.; Nkhoma, A.; Chipaila, J.; Nsokolo, B.; Manda-Mapalo, M.; Montiero, ].F.G.; Banda, L.; Dua,
K.S. Systematic review and meta-analysis of esophageal cancer in Africa: Epidemiology, risk factors, management and out-
comes. World |. Gastroenterol. 2019, 25, 4512—-4533.

Aratjo, A.R. Boletim UFMG: Radiagdes Perigosas: Universidade Federal de Belo Horizonte. 2010. Available online:
https://www.ufmg.br/online/arquivos/anexos/Bol%201689_pag_centrais.pdf (accessed on 1 January 2020).

Hare, E. RF Exposure and You, 1st ed; The American Radio Relay League: Newington, CT, USA 1998.

MRE MARE. Engenharia: Elétrica—Seguranga— Ambiental Belo Horizonte. 2020. Available online: http://www.mreengen-
haria.com.br/ (accessed on 1 January 2020).

Sousa, A.M.V.D.; Teixeira, C.C.A.; Medeiros, S.D.S.; Nunes, S.J.C.; Salvador, P.T.C.D.O.; Barros, RM.B.D.; Lima, F.F.S.D.; Nas-
cimento, G.G.C.D.; Santos, ].D.; Souza, D.L.B.D.; et al. Mortalidade por cancer do colo do ttero no estado do Rio Grande do
Norte, no periodo de 1996 a 2010: Tendéncia temporal e projegdes até 2030. Epidemiol. Servicos Satide 2016, 25, 311-322.
Carvalho, ].B.; Paes, N.A. Taxas de mortalidade por cancer corrigidas para os idosos dos estados do Nordeste brasileiro. Ciéncia
Saiide Coletiva 2019, 24, 3857-3866.



