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Currently, telecommunications systems have become more widespread and
there is still a discrepancy between whether or not non-ionizing radiation
produces health problems in living beings at cellular level. From an
experimental point of view, it is interesting to raise the correlation of high
levels of electromagnetic pollution with health problems in urban populations

which would make it possible to clearly determine the effects of this type of

radiation on human health and the environment. By means of remote sensing,
a geographic information system (GIS) has been developed for the analysis
of electromagnetic pollution levels generated by emissions from non-ionizing
radiation (NIR) sources in a city. A method for measuring electromagnetic
pollution was applied, which allows the generation of a table of attributes of
GIS the GIS that is the input to generate by inverse distance weighting (IDW), the
Mobile phone layer of electromagnetic pollution. The method, as a case study, was applied
Non—ionizing radiation in the city of Manizales, located in Colombia, obtaining as a result a layer
that allows evidence that the highest levels of electromagnetic pollution are
concentrated in the most central area of the city. In this way, the effects of
NIR on public health can be analyzed by means of correlations.

Keywords:

Base telecommunication station
Electromagnetic pollution

This is an open access article under the CC BY-SA license.

@O0

Corresponding Author:

Vladimir Henao-Cespedes

Unidad Académica de Formacion en Ciencias Naturales y Matematicas
Universidad Catolica de Manizales

Cra 23 No 60 - 63, Manizales, Caldas, Colombia

Email: vhenao@ucm.edu.co

1. INTRODUCTION

Telecommunication systems, as we know them today, work by using electromagnetic radiation for
their operation. Electromagnetic radiation is categorized into ionizing radiation (IR) and non-ionizing
radiation (NIR), the latter being associated with telecommunication systems. Despite its emergence in
commercial form in the mid-1980s, and its popularization at a global level around the year 2000, today,
almost 40 years later, both the general public and the scientific community continue to question whether NIR
emissions from mobile phone base stations (BTSs) are harmful to health. This questioning has continued to
gain momentum, especially now that 5G technology is being deployed worldwide, which, as indicated by [1]
will be a disruptive change from 4G to 5G, leading to an increase in data speed and a decrease in latency.
While this deployment of 5G technology is important for technological advancement, it presupposes by some
sectors of society an increased risk to public health. These emissions are generated by artificial systems that
have become a source of electromagnetic pollution, which in many cases is much stronger than any natural
source of electromagnetic fields or radiation [2], [3].

Electromagnetic pollution levels may be increasing due to the rise of mobile devices in recent years
[4], which are sources of non-ionizing radiation (NIR). By 2020, the number of mobile devices may have
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already exceeded 5 billion, and it is estimated that this number will reach 50 billion in the next decade,
considering the proliferation of the internet of things (IoT) sensors [5]-[8]. On the other hand, non-ionizing
radiation is being emitted by other telecommunication systems with technologies other than 2G, 3G, 4G and
5@, which although, as [9] says, are fantastic for [oT solutions, they present a disadvantage in terms of cost,
and therefore lower cost systems are required for which new companies can emerge with this type of
technology. Therefore, the world of IoT is making inroads into networks such as LoORaWAN which makes
use of LoRa technology. Given the increase in devices and the incursion of new communication
technologies, and seeking to answer the question that has been raised in recent years, there are several
authors who have tried to address their response with different types of studies, these authors have observed
two trends with respect to the results, one trend indicates that the studies do not have the robustness from
their experimental design to relate exposure to sources of NIR with biological effects [10], [11]. Another
trend indicates that if it is possible to relate NIR sources to biological effects [12]-[18] In this stream can be
framed what is proposed by [19], by indicating that the mechanism through which NIR causes effects is
oxidative stress, for which NIR must not have sufficient energy to generate modifications at the molecular
level.

A review of the literature on the possible health effects caused by NIR allows us to obtain a
graphical network of co-occurrences, which can be seen in Figure 1, in which we can see the main key words
used in studies that seek to respond to the effects that NIR can cause on health. In Figure 1, it is evident that
one of the nodes with an important weight is oxidative stress, which could indicate that the scientific
community is addressing the possibility that effects are generated not only by the intensity of NIR, but that
these can be generated by other mechanisms.
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Figure 1. Concurrency network for the search equation ("health *" AND ("* radiation") AND
"electromagnetic" AND ("mobile phone$" OR "base station$") AND "exposure"), generated with
VOSviewer [20]

Some studies have looked for the relationship that may exist between emissions from NIR sources
with health effects, by correlating the locations of NIR emission devices, more specifically
telecommunication base stations (BTS), with cases of deaths from some diseases [13], with psychological
and psychobiological reactions [17], and with anxiety and depression [12]. In that sense, to have a
geographic information system (GIS) that allows to store, to visualize and to analyze the levels of
contamination EM emitted by the sources of NIR and the parameters of health that are wanted to consider,
that is to say, a system of geographic information for analysis of contamination EM, can be an important
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instrument to continue deepening in the studies of spatial and temporal correlation between the emissions of
NIR and affectations of the health.

This study was conducted in Manizales, a municipality in Colombia located in the department of
Caldas. Manizales has a rugged topography, so it must have a significant number of telecommunications base
stations, to cover the areas of darkness that can be generated due to the topography, thus meeting the
requirements of the population in the urban area, in terms of communications. This situation, according to the
authors consulted, could generate public health problems due to the proximity of highly populated
communities to radiation sources, and taking into account that NIR has been classified by the WHO as a
possible carcinogen [21], it is important to develop tools that allow the study of prolonged exposure to high
levels of radiation. This article presents the development of the electromagnetic pollution layer for a GIS that
allows the generation of a dynamic map of exposure to such pollution.

2. MATERIALS AND METHODS
2.1. Proposed electromagnetic pollution geographic information systems

A geographic information system allows the consolidation of information in a georeferenced manner
[22], so that it can be represented graphically, and thus support decision making in an effective manner. In
that sense, for a GIS that is focused on the electromagnetic pollution, the information that must be counted on
is the levels of this pollution, the sensitive sites (schools, hospitals, among others), the affectations of health
under study. Regarding GIS and their relationship with NIR, there are studies such as the one developed by
[23], in which they carry out measurements of electromagnetic radiation and store the results in a geographic
information system for the purpose of carrying out statistical studies on the spatial distribution of field levels
in the areas of study. Another similar study is carried out by [24], but this time for broadcasts in the AM
band.

On the other hand, authors such as [25], [26] have implemented GIS to perform both spatial and
temporal analyses of exposure to electromagnetic fields. Attempting to implement a non-GIS system to
perform this type of analysis can be complex due to the volume of data that would be required to map an
entire city, but the use of GIS-associated techniques can solve this problem, as proposed by Briggs [27] who
managed to implement a GIS-based exposure model, thanks to the facilities offered by GIS techniques to
perform the complex calculations that are required to generate a radio-frequency power density model around
mobile phone stations. In the sense of correlating effects with health [28] present a GIS that allows
georeferencing patients and correlating their locations with environmental pollution, especially
electromagnetic pollution and cases of childhood leukemia. Thus, achieving the development of a GIS that
includes information on electromagnetic pollution is an interesting contribution to studies that seek to clarify
the possible risks generated by mobile phone stations (BTS) in cities.

2.2. Development of the geographic information system GIS for electromagnetic pollution generated
by BTS
The GIS developed in this article has 4 modules, one of which requires as input to generate the layer
of electromagnetic pollution, the values of this, for this is done using a methodology previously raised and
validated in [29]. Figure 2 shows a simplified model of the data generated for the GIS developed:

CITY LAYER ELECTROMAGNETIC PATHOLOGIES WARNING SYSTEM
POLLUTION LAYER LAYER
CITY GENERAL MESARUMENT DATA HEALTH DATA WARNING DATA
e _
- ELECTROMAGNETIC
POLLUTION DATA
o -

Figure 2. Simplified model of the GIS information layers
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The simplified model shown in Figure 2 has three modules. The first module allows the generation
of the city layer, where it is possible to identify the locations of the BTS and some points of interest for future
studies, such as: Hospitals, clusters of some specific diseases, schools, among others. The second module is
related to the layer of electromagnetic pollution, there is included the process of EMF measurement and
based on these calculate the value of pollution in the measurement sites. The third module concentrates the
information related to the pathologies, such as the type, location and general description of the patients (age,
sex, among others). Finally, the fourth module is a warning system that allows, based on previously
generated data, to carry out studies on correlations between contamination values and spatial density of
pathologies.

The methodology to obtain the contamination values [29], establishes that assuming that the
environment behaves as a linear system (i.e. multiple frequencies enter the environment and the environment
does not modify them), and that different sources of NIR can co-exist at a measurement site, it will then be
possible to apply the principle of source overlapping, and to make measurements of the EMF emitted by
these and thus use the (1), which allows the value of EM pollution at a point of interest to be obtained,
considering all possible sources of NIR:

OCOEM(t) = ¥¥ , ape/t@it (1)

where:
a; could well be, the power density denoted by S, the magnetic field strength H, the electric field strength E.
K is the k-source of incident and evaluated NIR at the measurement site.
w; is the operating frequency of the i-th NIR source.

To obtain the data that are associated to the EM pollution layer, a measurement campaign was
carried out in the city of Manizales, which allowed calculating georeferenced EM pollution values. These
data allowed the generation of a table of attributes as shown in Figure 3 of the GIS.
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Figure 3. Table of attributes of sites of interest, values of 0COEM (W /m?) in the third column, first and
second column site coordinates
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Once the attribute table was generated, the IDW interpolation, inverse distance weighting, was
applied to the measurement data obtained, according to [30] the sample points are weighted during
interpolation, so that the influence of one point in relation to another decreases with the distance from the
unknown point you want to create. IDW is a technique that uses weighting logic to create surface data and
weight with a distance, which means that the further the distance, the lower the weight value [31]. Finally, it
was possible to generate the electromagnetic pollution layer of the GIS, which can be seen in Figure 4. In
relation to the frequencies selected to carry out the measurement campaign, the maximum permissible
exposure limits, E and S, in the general public zone, according to the laws of the Republic of Colombia [32],
which is based on the ICNIRP regulations [33], are shown in Table 1.
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Figure 4. Layer of EM pollution levels in the city of manizales

Table 1. Maximum exposure limits

Frequency (MHz) S(W /m?) E(V/m) H(A/m)
850 33,06 87 0,38
1900 23,09 63 0,38
2400 10 61 0,16

3.  RESULTS AND DISCUSSION

From the developed system of measurement of electromagnetic pollution on a GIS, it has been
possible to zone the places of the city that present the highest levels of pollution. This information is obtained
in real time by means of the sensors strategically located according to the plans of territorial ordering. The
information obtained can be correlated with localized health problems determined by local and territorial
health entities and can be used for prevention projects by municipal authorities.

From the GIS system it is possible to obtain other electromagnetic pollution map models in three-
dimensional format that can serve as a location system in geographically rugged areas such as the area of
development of this study as shown in Figure 5. The methodology developed in this research can be applied
to other types of pollution correlation studies, such as atmospheric pollution, with health problems that are
monitored by means of IoT technologies. This type of development allows the approach of populations to
smart city processes and the development of public policies focused on the solution and management of
problems that affect public health.
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Figure 5. Layer of EM pollution levels in the city of manizales

4. CONCLUSION

This article presented the development of a GIS that will allow correlating the levels of
electromagnetic pollution with information on clusters of diseases, so that it is possible to monitor the
behavior of these two variables and contribute to the scientific world in their interest to know the possible
risks that electromagnetic pollution generates on public health. For the development of the GIS it was
required the incorporation of a methodology for the calculation of the electromagnetic pollution emitted by
the BTS, in such a way that it was possible to generate the layer of pollution. By carrying out a visual
inspection of this layer, it was possible to observe that the levels of pollution are heterogeneous in the city, in
sites such as the city centre the highest values are presented, and in sites located on the outskirts of the city
the levels are lower. It is expected that when a significant volume of data is available, it will be possible to
corroborate the dynamics of the pathologies in relation to the levels of contamination reflected in the
respective layer.
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