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Abstract – With the rapid development of technology and the importance of electronic devices in our lives, electromagnetic
waves produced by various sources and the related electromagnetic pollution concepts have become an important issue that
directly affects the nature and all microorganisms, especially people. Energy transmission lines, radio and television antennas,
base stations and mobile phones, radars, radios, medical devices, microwave ovens, etc. have increased electromagnetic fields
as the utilization rates of electromagnetic propagation devices increase. In this area, depending on the work done throughout
the world that is a member of Turkey to determining the international standard ‘International Commission on Non-Ionizing
Radiation Protection’ (ICNIRP) established is the electric field and magnetic field exposure limit values prepared by the
commission is considered essential. The instructions issued by the Commission are decisive and binding, and it is foreseen that
these limit values are a preventive factor for electromagnetic pollution. In this paper, it is aimed to measure the electromagnetic
pollution in Hatay province, to compare with the limit values determined by national and international organizations and to
map the electromagnetic field. At the end of the study, the regional measures to be protected from electromagnetic pollution
will be discussed in detail.
Keywords – Electromagnetic waves, electromagnetic pollution, electromagnetic field measurements, region-based mapping
also promises to extend communication technologies to every
I. INTRODUCTION
area of life and provide communication capability to every
With the development of concepts such as Artificial object.
Intelligence Applications and Internet of Things (IoT),
technological developments that are expected to dominate
every aspect of our lives in the future bring new needs and
some difficulties [1]-[9]. In many areas, rapid developments,
especially in the field of wireless communication, accelerates
the implementation of new applications such as Industry 4.0,
Remote Machine Control, Autonomous Cars and Smart
Traffic Applications, Unmanned Aerial Vehicles and Military
Defense Systems, e-Health Services and Remote Control
Fig. 1. 5G Applications
Surgeries, Smart Cities / Houses, Smart Energy Systems etc.
There are two types of sources of EM pollution in nature
According to the researches, the number of devices which are natural and unnatural sources. The sun, lightning
connected to the Internet is expected to increase to 50 billion and some stars are among the natural sources of EM.
by 2020. According to the same research; It is estimated that Microwave ovens, underground and above ground electric
the number of interconnected devices per capita in the world lines carrying electrical current, radio and TV transmitters,
will be 6.48 in 2020 and the information traffic generated by televisions and computers, electrical appliances, GSM base
only 20 typical home devices will be higher than the total stations, and GSM telephone devices, radio communication
internet traffic generated in 2008 [10], [11].
systems are among the unnatural EM sources.
The problem of electromagnetic pollution continues to be
discussed with the 5G applications developing due to this
increasing communication need [12]-[15]. 5G is the next
generation of mobile communication technologies [16]. The
basic promise of 5G is to meet the increasing needs of the
services and applications created by mobile networks [17]. It

Due to all these technological developments defined
above, the number and diversity of unnatural (artificial)
resources increase. With the increase of natural and artificial
sources, the intensity of the electromagnetic field exposed
increases. The change of the loads in the source (operation of
the equipment, etc.) causes the electric and magnetic fields
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generated by these loads to emit wave energy. More wave
energy is generated when the dimensions of the source and
the movement of the loads reach the same level as the
wavelength. In this way, the spread of electrical energy is
called EM wave propagation. The energy of the EM field is
directly proportional to the frequency and inversely
proportional to the wavelength (1)–(3).
V = λ. f
E = h. f

(1)
(2)
1

E(eV) = h. c. ( )
λ

(3)

f: frequency, λ: wave length, h: Planck constant, c: speed of
light
The electromagnetic field can also be classified according
to the nature of the presence of an ionizer. Ionizing EM
Fields (Radiation) can affect living tissue in different ways
depending on the size of the energy transferred [18]. It can
disrupt the chemical structure by creating ionization in the
atoms or molecules of living tissue. Ionizing radiation is
exemplified by nuclear weapons and especially the
Chernobyl accident. Non-ionizing (Nonionizing) EM Fields
are radiation types that do not have enough energy and do not
ionize the atoms in the environment [19]. Visible Light, very
low frequencies (ELF), Microwave, Radio Frequencies (RF),
can be classified as infrared. There is no similarity with
ionizing radiation because non-ionizing radiation does not
have the energy to break the chemical bonds in the body.
Non-ionizing radiation has no energy to disrupt the genetic
material [20].
Electromagnetic fields generate current induction in
living or inanimate beings in the domain. The resulting
energy is absorbed by those residing in the area of action,
depending on the strength of the field, the frequency of the
transition mechanism and the field. Electromagnetic power
absorbed by living things can cause some effects such as heat
exchange in metabolism.
The energy absorbed by the living body from the
electromagnetic wave is given by the Specific Absorption
Rate (SAR) [21]. Specific Absorption Rate represents the
amount of energy per kg that an average human body absorbs
[22]. The SAR value in the tissues is proportional to the
square of the applied electric field strength [23]. Although the
measurement of SAR is quite complex, its calculation is only
possible with the following formula (4):
SAR =

σE2 W
ρ

[ ]
kg

(4)

σ: Conductivity[S/m], E:Electric field[V/m], ρ:Density[kg/m]
In the studies, it was found that an exposure value of SAR
= 4 W / kg is required to increase the body temperature of an
average weight person by 1º C and this limit has been

determined to determine the limit values over this increase in
temperature.
In Turkey, EMO, TUBITAK and some universities make
measurements according to the measurement methods in the
regulation of BTK claims “Determination, Control and
Governance of Exposure Limit Values of Electromagnetic
Field Intensity Caused by Electronic Communication Devices
According to International Standards”. All measurements are
based on the limit values determined by ICNIRP.
In this study, it is aimed to measure the electromagnetic
pollution in Hatay province, compare with the limit values
determined by national and international organizations and
map the electromagnetic field.
II. MATERIALS AND METHOD
The measurements were carried out by hand - held HF 60105 Aaronia Spectran Analyzer brand spectrum analyzer,
which can be used for carrying out safety analysis and
environmental measurements of high frequency EMAs in the
frequency range of 1MHz to 9.4GHz.

Fig. 2. Hf- 60105 Aaronia Spectran Analyzer

The device can determine the total concentration of
compound EA produced by the EMA waves in the medium.
Also it can easily locate the surrounding EMA resources and
perform exposure limit calculations automatically with the
high-performance Digital Signal Processor (DSP) instead of
performing complex calculations. In addition, this device can
only determine the intensity of the EMA in the beam of
interest by means of the directional antenna. With the use of
directional antennas, the device provides the opportunity to
determine the most accurate measurement by preventing the
negative effects caused by reflection, refraction, diffraction
and scattering losses.
In order to make the most accurate evaluation as a result of
the measurements, the measurement was carried out at
regular intervals and averages of all measurements were
recorded. In some cases, the measurement was repeated and
compared with the first result and its accuracy was checked.
As a result of the measurements, the findings were
recorded in a chart and according to the findings,
electromagnetic field maps of certain regions were prepared.
The geographical information software system software used
for mapping is ArcGIS.
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ArcGIS technology is a scalable integrated Geographic
Information System software developed by ESRI. ArcGIS
provides a scalable infrastructure for Geographic Information
System applications in single- and multi-user environments
on the desktop and server-side.
Geographic Information System is a large system that
collects, processes, stores and analyzes high volumes of
geographic data around the world and presents them to the
users in a whole with software, hardware and other tools.
III. RESULTS
A measurement result based on the above data is given in
the Table 1, 2, 3. The findings were compared with the data
in the regulation published by BTK.
The Limit values in Turkey with regulations issued by the
BTK values were determined. The limit values here are based
on the limit values in the ICNIRP Guideline and each base
station has a specific limitation. Accordingly, for a single
device in the 400-2000 MHz frequency band, the limit values
stated in the BTK regulation for general living areas are
0,341*f½ V/m (f =frequency (MHz)) for electric field
strength, 0,0009*f½A/m for magnetic field strength and
power density of f/800 W/m². The limit values given are for
the average values obtained after a six-minute measurement.
Sample Measurement Results
Station Id: HT1906
Station Name: TT (AVEA) DERINCE KOYU
Coordinates: N 36° 18' 31,60'' E 36° 11' 53,30''
Station Address: M.K.U. Vocational High School, Derince,
Parcel No:427 Antakya / Hatay
The intensity of the electromagnetic field within 70 meters
of 3 antennas on the base station in Derince Village, Antakya
was measured at different times. The map of the
measurements is shown in Figure 3. Measurements were
made according to the sectors indicated by 1, 2 and 3 in the
same figure.

Table 1. Measurement results for Antenna 1
Antenna
Sector

Distance
to
Antenna
(m)

70m
(-20º)
70m
70m
(+20º)

1

Measured
Magnetic
Field
Strength
(A/m)

Measured
Electric
Field
Strength
(V/m)
Total
Media

Measured
Power
Density
(W/m²)

Measurement
Time

0,0013

0,50

0,000670

10:09

0,0016

0,59

0,000933

10:16

0,0014

0,52

0,000725

10:23

Table 2. Measurement results for Antenna 2
Antenna
Sector

Distance
to
Antenna
(m)

70m
(-20º)
70m
70m
(+20º)

2

Measured
Magnetic
Field
Strength
(A/m)

Measured
Electric
Field
Strength
(V/m)
Total
Media

Measured
Power
Density
(W/m²)

Measurement
Time

0,0015

0,55

0,000811

10:37

0,0017

0,62

0,001031

10:44

0,0016

0,60

0,000965

10:51

Table 3. Measurement results for Antenna 3
Antenna
Sector

3

Distance
to
Antenna
(m)

70m
(-20º)
70m
70m
(+20º)

Measured
Magnetic
Field
Strength
(A/m)

Measured
Electric
Field
Strength
(V/m)
Total
Media

Measured
Power
Density
(W/m²)

Measurement
Time

0,0018

0,66

0,001168

11:08

0,0016

0,59

0,000933

11:15

0,0017

0,63

0,001064

11:22

IV. CONCLUSION AND RECOMMENDATIONS
As can be seen from the measurement results in the tables,
the data obtained are below the accepted legal standards. In
all of the measurements carried out in 6 different densities
where the population is dense in Hatay, no measurement
results were taken above the values determined by ICNRP.

Fig. 3. ArcGIS Image

When the results of other researches on this subject are
examined, it is seen that there are no failures in this issue, the
necessary arrangements are taken by the responsible
institutions and organizations and the necessary measures are
taken for the situations that may cause EM pollution through
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regular audits. However, due to the increasing number of
developing technologies and resources, EM Pollution
continues to be a current threat as a potential threat to public
health. It may be useful to follow the recommendations
below:

















Power tools should be operated as far away from us
as possible, and Electrical devices should be
unplugged when not in use.
Television and radio should not be available in the
room where we sleep. Wireless modems and routers
in the home should be turned off while sleeping. It is
better for your health not to use a mobile phone
unless necessary. Users should be careful about
short talking times, usage of headphones if possible,
keeping the phone away during the connection, and
not to make calls on the ground with poor coverage.
Cell phone use also affects brain activities. Children
under 16 years of age are at higher risk because the
nervous system continues to develop in the head.
Therefore, children under the age of 16 should only
use mobile phones in case of emergency.
The SAR of the purchased mobile phone should be
considered. When buying mobile phones, SAR rates
should be considered rather than functions.
Warning signs containing EMC measurement values
and usage certificates shall be placed on the walls of
the substations, radio and TV transmitting stations in
a publicly visible manner.
Educational programs on EM pollution should be
broadcasted on television channels and relevant
information should be added to the subject scope by
focusing on the subject in schools.
When urbans are planned by municipalities,
especially in developing areas with high
development potential, base stations and energy
transmission lines should be planned in detail.
There should be a protection zone around the base
stations.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Restrictions should be introduced to prevent the
installation of base stations near schools,
kindergartens, hospitals and playgrounds.

[20]

[21]
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