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Abstract

This paper describes the current wireless telecommunications infrastructure deployment regulations in Colombia.
It also refers to the possible effects that this infrastructure could cause to the country's health and environment.
similarly, the results obtained show a comparison between the Argentina’s current regulations, one of the most
relevant researches carried out and the Colombian case. finally, some recommendations are proposed that can be
considered in the project of regulations applicable in Colombia for the ensuring purpose that the non-ionizing
radiation generated by wireless communications systems do not have effects on health and the environment.

Keywords: Regulation of telecommunications, Non-ionizing radiation, (NIR) Communications and health, Vi-
sual pollution telecommunications, Infrastructure deployment.

Resumen

Describe las actuales regulaciones colombianas para la instalacion de infraestructuras de telecomunicaciones
inaldmbricas. También se refiere a los posibles efectos de esta infraestructura sobre la salud de la poblacion y el
medioambiente del pais. Ademads, muestra los resultados de una comparacion entre las actuales regulaciones de
Argentina y el caso colombiano. Finalmente, se proponen algunas recomendaciones que pueden considerarse en
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el proyecto regulatorio aplicable a Colombia, con el propdsito de asegurar que la radiacion no ionizada generada
por los sistemas inalambricos de comunicaciones no afecte la salud y el medioambiente.

Palabras clave: Regulacion de telecomunicaciones, Radiacion no ionizante (RNI), Comunicaciones y salud,
Polucion visual, Instalacion de infraestructura.

Resumo

Descreve as atuais regulamentacdes colombianas para a instalagdo de infraestruturas de telecomunicagdes sem
fio. Também se refere aos possiveis efeitos desta infraestrutura sobre a satide da populagdo e o meio ambiente do
pais. Além disso, mostra os resultados de uma comparacdo entre as atuais regulamentacdes da Argentina e o caso
colombiano. Finalmente, propdem-se algumas recomendacdes que podem considerar-se no projeto regulatorio
aplicavel a Coldmbia, com o propoésito de assegurar que a radiagdo nao ionizada gerada pelos sistemas sem fio de
comunica¢des ndo afete a satide e 0 meio ambiente.

Palavras chave: Regulamentagdo de telecomunicagdes, Radiagdo ndo ionizante (RNI), Comunicagdes e saude,
Polui¢do visual, Instalacdo de infraestrutura.
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1. INTRODUCTION

The Colombian current legislation on
Telecommunications, Decree 195 and Resolution
1645 (2005), compared to non-ionizing radiation
(NIR) have been issued on the recommendation ITU
K-52 regarding the measurement methodology and
the maximum exposure levels. However multiple
telecommunication based stations were declared
inherently compliant, specifically in Article 2 of the
resolution mentioned [1] which means, that periodic
field-strength measurements must not be taken.
Among the stations that were declared inherently
compliant, are the mobile stations, which have had a
major deployment without adequate control [2]. This
has created opposition to such deployment from some
communities, due to the effects caused uncertainty on
the environment and the health of those living near the
place where the infrastructure is installed.

After the date by which Colombia introduced the
regulations in force, new recommendations have been
proposed by the International Telecommunication
Union (ITU) and new scientific articles have been
published [3-10], confirming the need to proper control
over the deployment of wireless telecommunications
infrastructure. For this reason and by studying success
cases regulations applied in other countries such
as Argentina, Spain, Brazil, Italy and Salvador, the
regulations update is needed in Colombia. From now
on, in this article, the comparison will be only with
Argentina.

Although Colombia currently has the code of
good practice in the deployment of wireless
telecommunications infrastructure [2] and a pilot plan
NIR measurements in real time, and in the main cities
of the country [11], it is necessary to conduct a study
on researches that have been done, plus international
recommendations and success cases in other
countries, to host the best regulations in Colombia, in
order to make them law of the Republic benefiting all
Colombians.

This article in section I describes the possible NIR s
effects on human health, considering some scientific
studies which were presented by the mobile users and
the recommendations of international organizations.
section Il presents the visual pollution caused by
wireless telecommunications infrastructure and the
way to counteract in both rural and urban areas. In
section Il astudy of the currentregulations in Colombia

is done, against the deployment of communications
infrastructure specifically RNI emissions and visual
pollution. Later in section IV, a comparative analysis
of the regulations in force in Colombia with regard to
the regulations of Argentina, the K83 recommendation
by ITU and some scientific studies done are shown, in
order to help the guidelines that the new regulations
in Colombia must have. Finally, in section V, the
conclusions of this research are presented.

II. METHODOLOGY

It was initially planned to have a study based on
some scientific papers, related to the effects of
electromagnetic fields on living organisms [3-6],
using databases such as Scopus, IEEE Xplore digital
library, Science Direct, Electro Magnetic Field website
(EMF) [12]; consultations were also undertaken with
international bodies issuing recommendations in this
regard: ITU, The International Commission on Non-
Ionizing Radiation Protection (ICNIRP) and the World
Health Organization (WHO). Thereafter, a study on
Colombian current regulations was carried out, against
the limitation and mitigation of adverse effects caused
by the infrastructure of wireless telecommunications,
i.e., the rules at different levels (constitution, law,
decree, resolution).

With the procedure outlined, relevant documentation
for this article’s analysis was achieved based
on four lines: national regulations, international
recommendations, Argentina case study and scientific
researches.

Having the documentation on these four lines, a
timely comparison on different topics was made
demonstrating the lag in national regulations, compared
to Argentina and international recommendations. The
need to update national standards relied on scientific
research and international recommendations was also
demonstrated.

II1. EFFECTS OF NIR ON HUMAN HEALTH

In the latest years, since the creation of wireless
telecommunications systems, a conflict arises as to
whether these systems’ electromagnetic radiation,
with certain levels of field strength, has actually led
potential harms to human health. In this regard high
number of investigations have been developed and
they also have headed the creation of an informatics
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portal known as EMF [12], where studies linking
electromagnetic fields with possible effects on human
health are stored. Up to April 2015, there were a total
of 20,949 items, from which 206 are directly related
to the fields strength’s effects caused by the mobile
telecommunications systems [12].

A. Scientific articles

Scientific papers stored in the EMF website, have
pointed out different types of diseases among which
are brain cancer, leukemia, cancer of the organs close
to where mobile phones are carried, hypersensitivity
to electromagnetic fields and genetic problems.
Three types of disease are highlighted, brain cancer,
hypersensitivity and genetic damage. On this basis the
emphasis will be elaborated in the following sections.

About brain cancer, there are investigations, mostly
case studies that evaluate the relationship between the
use of cellular phone services and this disease The most
recent of these studies on brain cancer was published
in 2014 by S. Lagorio and M. Ro6sli in which they
identify three different kinds of brain cancer: Glioma,
meningioma, and acoustic neuroma, concluding that
the relative risk from the use of mobile phone service
for meningioma is minimal, while there is some risk
for glioma and acoustic neuroma [13].

In England BENSON VS. conducted a population-
based study in 2005- 2012 to evaluate 791.710 cases
of brain cancer, and its relationship with the use of
mobile phone systems, concluding that there is no
link between the use of mobile telephony systems and
types of cancer: glioma and meningioma, while there
is a strong connection with cases of acoustic neuroma,
depending on the time of exposure, that is, the longer
exposition to these systems, the acoustic neuroma risk
increases [14].

Another disease related to the issue of NIR produced
by mobile telephone systems, is the hypersensitivity
that such fields may develop; in 2014 BALIATSAS
C. published an article synthesizing the results of the
case studies involving 5,789 patients in Netherlands
and finding out that 5,073 were not sensitive, 514 were
sensitive to general components from the environment
and 202 were hypersensitive to electromagnetic fields,
this figure reaches only 3.5% but even when levels are
very low, there are a high sensitivity to such fields [3].

Genetic modifications are an effect from exposure
to NIR fields, G. Gandhi conducted a study in which
he made evident that the average power density of
dwellings, that are within 300 m of the base stations is
11.49 W /m2, while in dwellings that are further away,
that density is 0.045 W / m2 on average. Furthermore,
Gandhi identified the genetic adverse effects, finding
that the population exposed to higher levels of power
density, showed damage in the DNA fragments’ length

[6].
B. Mobile pperators studies

Studies such as those conducted by the Global System
Mobile Association (GSMA), system owners claiming
that the radiation emitted by mobile stations do not
generate any kind of impact on human health and the
radiation level indicator is only 0.1%, well below the
legally established levels by the ICNIRP [17], GSMA
also states that the radiation pattern emitted by mobile
stations is horizontal, as illustrated in Fig. 1. In this
way the inhabitants of the surrounding populations are
not harmed, according this association [15].

Fi1G. 1. Mobile telephony field emission [15].

C. Recommendations issued by international

organizations

The principal global policy-making body regulating
the health is the WHO, which has an internal agency
specialized to research into the causes of human
cancer, called The International Agency for Research
on Cancer (IARC) and has a scale to determine the
risk level of carcinogens, where exposure to the NIR
produced by wireless telecommunications stations is
classified as possibly carcinogenic [4]. Also, after the
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fact the Backgrounder 304, May 2006 was issued by
the WHO as one of its paragraphs textually states:

Considering the very low exposure levels and research
results collected to date, there is no convincing
scientific evidence that the weak RF signals from base
stations and wireless networks cause adverse health
effects [16].

Furthermore the ICNIRP defined two tables with
protection levels for NIR fields, one establishes the
maximum population levels, i.e., to which the general
population may be exposed and another table for
occupational levels. In other words, the level to which
staff are exposed when working with NIR fields. Thus,
this employers association recognizes the existence of
electric and magnetic field strength levels that might
be a risk in humans. That is why users do not have to
exceed them. The levels for radio frequency (3 KHz -
300 GHz) are presented in Table 1. where the highest
levels corresponding to the lowest frequency [17].

TABLE 1
LEVELS FOR EXPOSURE DEFINED BY ICNIRP

Electric Magnetic
field field
strength strength
(Vm) (Am™)
General 61 -87 0,16 -5
Public
Occupational 137-610 0,36 -24.4

Source: ICNIRP [17]

The ITU is the is the United Nations specialized
agency responsible for issuing recommendations on
telecommunications. It has different series by subject,
in the specific case of the NIR, it is part of the K
series, which is in charge of protection against radio
fields interference. Recommendation K52 initially
was published to guide on taking specific measures
to determine radiation levels emitted by each of the
radiation sources. In 2011, recommendation ITU-T
K83 was issued, this recommendation provides long-

term measurements and in real time, the measurements
are presented on a map for a web site; Fig. 2 illustrates
the system proposed by the recommendation K83.

Monitoring

FiG. 2. Recommendation ITU-T K.83 methodology
[18].

For the researchers who analyzed this article, it is
not yet established with certainty whether the fields
emitted by wireless telecommunications systems
affect health; what is clear in Colombia, is that it has
generated fear in society to those possible effects. MZ
Netzer has called this fear as electro phobia [9], and
this widespread phobia in society prevents proper
deployment of communications infrastructure thereby,
limiting the quality of service.

These fears have been demonstrated through different
actions for protection presented by the community,
claiming the fundamental right to health, and claiming
that their health has been affected by the existing
infrastructure around their homes. Two of these
actions for protection have come to the Colombian
Constitutional Court’s review and have been resolved
through sentences. One of these is the sentence T360
of 2010, where the need to apply the precautionary
principle in regulating the NIR is presented [19] and
the most recent sentence T 1077 in 2012 ordering the
mobile operator, to dismantle its telecommunications
infrastructure and reiterating the order to be taken, to
regulate the matter using the precautionary principle
[20].
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IV. ENVIROMENTAL IMPACTS

In addition to the possible effects on health by
NIR causing community fears, the damage to the
environment is also found and it is caused by the visual
pollution as illustrated in Fig. 3. Given this situation,
municipalities create barriers in their development
plans, to the proper deployment of infrastructure to
ensure quality standards required by users.

Fic. 3. Visual pollution caused by telecommunications
infrastructure.

Uninstalling or relocation infrastructure is not
necessary to counter the visual pollution; there are
mechanisms of mimicry that can significantly reduce
the environmental pollution, caused by the disorderly
unwinding of this infrastructure [21]. Fig. 4 illustrates
examples of infrastructure mimicry in both rural and
urban areas.

Fi1G. 4. Mimicry in rural and urban areas [22].

The materials for mimicry must follow special
characteristics, such as the low degree of functional
and aesthetic impairment and they must not interfere
with stations radiation degrading the quality of service.

V. REGULATIONS IN COLOMBIA

As Article 75 of the Political Constitution of
Colombia states: “The electromagnetic spectrum is an
inalienable and imprescriptible public asset subject to
the management and control of the state”, whereby an
explicit obligation on the State to exercise control over
the spectrum is made, the levels of radiation should be
clearly included in this control and they must not go
against the right to health, and the duty to ensure the
comprehensive health care established by Article 49 of
the Constitution.

In addition, Article 2 of the Constitution, creates a
State obligation as important decision-maker for
health care. Thus, if radiation emissions may affect
citizens, they must take concrete action in these
decisions. On the other hand the Constitution in
Article 79 stipulates: “Everyone has the right to enjoy
a healthy environment” and enjoying an environment
without visual pollution right, must be within this
concept. Along these lines, a constitutional framework
on the subject under study in this article, is needed in
Colombia [23].

In the legal framework, the deployment of
telecommunications infrastructure in the Law
1341/2009, known as ICT law, one of the guiding
principles of the efficient law is Article 2, which
sets out the use of scarce resources within the radio
spectrum is located, and one of the conditions for
its use is that competence, quality and efficiency
spectrum must be guaranteed. It also states that to
achieve these objectives, national and territorial
entities are required to take the necessary measures,
to facilitate and guarantee the development of the
required infrastructure, ensuring that has not side
effects on public property or the public interest. This
law also creates the National Spectrum Agency (NSA)
in Article 25, which is in charge of designing and
formulating policies based on monitoring spectrum
with international standards, specifically mentioning
the ITU [24].

Regarding NIR fields protection, the Decree 195/
2005 is based on laws that were repealed by Act 1341/
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2011, law 72 / 1989 and Decree Law 1900/ 1990 [24].
Decree 195/2005 establishes the obligation to perform
measurements, the frequency range of issuers that
must perform the measurements. This range is 9KHz
and 3GHz, and the decree was based on the ITU K52
recommendation and guidance, given for occupational
exposures and exposure of the general public. The
limiting exposure is the same established by the
INCRIP and presented in Table I. Article 16 establishes
the minimum requirements to deploy infrastructure
too. Additionally, the decree 195/2005 establishes
the obligation to regulate by resolution a declaration
of inherently compliant sources, the methodology of
measurement and verification processes [1].

As result of regulatory requirements by resolution set
on the decree 195/ 2005, resolution 1645/2005 by the
Ministry of Communications (ICT ministry today)
in which some sources are established as inherently
compliant as following:

*  Mobile Cell Phones

* Personal Communication Services PCS
* Trunking Access System

* Radio messaging System (Beeper)

* Conventional Radio Communication System (HF
Voice & Data)

* Conventional Radio Communications System
(VHF Voice &Data)

* Conventional Radio Communications System
(UHF Voice & Data)

* Space Segment

Establishing the infrastructure to provide such services
is not required to perform the measurements [25].

The resolution states the measurement methodology,
indicating that it should be done in high traffic levels
or use time, measuring with an electric field probe
at a considerable distance from the radiation source,
and describing two perpendicular paths, installing the
measuring probe at a height of 1.7 meters. If the source
is located near crowded areas, taking measures at such
center is recommended, and if there are points that
present high field strength, taking 6-minute verification
measures are suggested, and finally making a map
normalizing the measurements to the levels specified
in Decree 195. The mitigation procedure when set
exposure levels are exceeded, remains on narrow-
band measurements of each of the radiation sources,
by determining which one contributes to the highest

level and decreasing the level, until it reaches the level
of the second one and so on, to affect the least possible
the lowest radiation source [25].

Within the environmental considerations and potential
environmental risks from RF exposure produced by the
deployment of telecommunications infrastructure, the
general law of environment in Colombia is the Law 99
/1993. This law does not enclose express declaration
about visual pollution, however, the Title VIII defines
the environmental permit notion and establishes the
kind of activities which require environmental permits
[26]. Responding to this mandate, the decree 2820/2010
is issued, and its Article 7 defines the activities that
require environmental permits, but the deployment
of the infrastructure necessary for the provision of
telecommunications services is not included, and
therefore, there is no commitment on environmental
matters in the legal order for telecommunications
infrastructure deployment [27].

In 2012, in response to the sentences T360 /2010 and
T1077/2012 [19, 20], the Communications Regulation
Commission (CRC) and the NSA issued a guidance
code for good practices, which are recommendations
for the communications infrastructure deployment
such as the mimicry, clear and expeditious procedures
for the issuance of permits and reporting mechanisms
to the community, this code was distributed to local
authorities who, in their sole discretion, may adopt it

[2].

Although it is clear that there are municipalities
that have adopted these recommendations, such
as Bucaramanga through Decree 0003 /2014 or
Bogota with Decree 676/ 2011, to abide mimicry
and to stablish which sites can be used to deploy
infrastructure, in other municipalities as Monteria, its
2011-2015 development plan instructs operators to
dismantle its infrastructure in urban areas [28]. The
above fact is based on electro phobia [9] and the lack
of community awareness of the RF fields exposure
levels and respective risks. As a result of widespread
fear, the telecommunications industry also expressed
its difficulty to provide quality service, given the
numerous barriers that are imposed for the proper
deployment of infrastructure [29].

V1. OuTCcOMES

To identify the advantages of current legislation in
Argentina, compared with Colombia, some of the most
significant researches and recommendation ITU-T
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K83 regarding to Colombia case study, in Table. II,
a comparison against the criteria to be reformed is
done. These are the inherently compliant systems,

the mimicry of infrastructure and the socialization of
telecommunications effects to the community.

TasLE 11

BENCHMARKING OF COLOMBIAN REGULATIONS ON THE WIRELESS TELECOMMUNICATIONS
INFRASTRUCTURE DEPLOYMENT

CRITERIA REGULATIONS IN INTERNACIONAL ARGENTINA | SCIENTIFIC
COLOMBIA (Decree | RECOMENDATIONS CASE STUDY | ARTICLES
195/ 2005, Resolution . (Law 123,
1495/ 2005) %e;)omme“dat"’“ TTU-T | Resolution 3-10]
244-SMAyDS)
Reporting of | Inherently compliant Inherently compliant systems | Inherently Inherently
inherently systems are declared. are not declared. compliant compliant
compliant systems are not | systems should
systems. declared [30]. not be declared
[3-6].
Mimicry of the | Mimicry is not There are no recommendations | Mimicry and Mimicry is
infrastructure | mandatory on mimicry. environmental necessary
permits are to offset the
required. environmental
impacts [7,8].
Socialization to | Socialization of There is socialization of Measurements Regulations
the community. | Infrastructure side Infrastructure side effects to are recorded must take the
effects is not required to | communities. and there is preventive
communities. community principle
consultation. and there is
socialization to
the community
[9, 10].

As evidenced in Table II, of the studied rules, only
Colombia has the declaration of inherently compliant
sources, demonstrating that according to latest
researches and recommendations, that declaration
should not be enacted and instead must make real-
time measurements that reveal actual radiation levels
in different parts of the country.

Even if there is no specific recommendations for
telecommunications mimicry infrastructure, the
mobile companies report that one of the difficulties
in the infrastructure deployment, is that some
municipalities do not allowed them to install base
stations in urban areas, taking into account the
land management plans (Plan de Ordenamiento
Territorial, POT) and the visual pollution produced
[2]. Considering the investigation conducted by
Morais, JF [9], and regulation in Argentina, this issue
can be solved establishing mimicry infrastructure as a

requirement, thus local authorities may agree by not
having this visual pollution.

Finally, concerning to the socialization of the
exposure levels, although interest in the NSA through
the monitoring system, a continuous measurement
should be taken and published as presented in Fig.
5. This system has only been installed in 15 cities,
what is considered insufficient, even though there
is not full coverage of the territory nor in the 1,123
municipalities, at least the capitals and intermediate
cities should have such a system.
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Fi1G. 5. Monitoring system in Colombia NSA [11].

The need to create a regulatory development that
includes the following criteria is evident:

* Creation of requirements to continuously measure
the NIR levels, at least in the capitals and intermediate
cities.

+ Establishing mimicry requirements for telecom
towers reducing the visual pollution that is generated
by this infrastructure.

* Based on studies and measurements, socializing to the
community the possible side effects on health and the
environment produced by wireless communications on
human health and the mechanisms for its mitigation.

VII. CONCLUSIONS

At present, there is no certainty about the human health
side effects generated by NIR in telecommunication
base stations.

Uncertainty and ignorance of the community over
radiation levels exposure and visual pollution, cause
opposition to the wireless telecommunications
infrastructure deployment. Thus updating legislation
to ensure the health protection and the environment
is necessary, to allow the orderly deployment of
infrastructure.
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