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ABSTRACT

EM exposure in the range of non-ionizing radiations (NIR) which falls in the radio frequency
up to 3GHz is mainly sourced from mobile phone base stations, broadcast towers and radar
facilities. This reviews based on previous researcher obtained results and methods in order to
determine the best technique to measure the exposure. Moreover, the estimation of exposure
levels by considering the specification of the antennas installed and area of the base stations
itself was also reviewed. It was found that numerous study of NIR exposure level has been
conducted in other countries, while Malaysia has become aware of the importance. Most of
the studies used field meter to carry out the measurement, and the exposure level obtained
were far lower than the limit recommended by World Health Organization (WHO).
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1. INTRODUCTION

Mobile phone usage in the era of globalization is very significant and considered as a very
important medium in everyday life at all ages. However, without public awareness, some
studies proved that the long-term adverse effects from electromagnetic radiation emitted from
cell phones may be occurred. Radiation emitted known as non-ionizing radiation (NIR) which
refers to a type of radiation that does not have enough quantum energy to go through the
process of ionization [1] resulting from the propagation of electric and magnetic waves
through space at the speed of light [2]. Base station antennas give off radiation at higher
power levels compared to the other types of land-mobile antennas [3]. Usually, the base
station towers (BST) erected close to residential areas to provide high quality coverage in the
context of Quality of Service (QoS) [4-5]. Therefore, mobile phone users like us were
exposed to the both radiation sources at once [6]. Even worse, we will be exposed to this
radiation in a long period as both of these sources are close to us. Public awareness on the
health risks due to the exposure to RF emission has become significant. This is due to many
studies have been conducted on the adverse effects of the long term exposure from the sources
mentioned on the living things [7-13]. Some of them have proved that the NIR exposure has
possible effects on human health. According to some of previous studies, a repetitive exposure
to NIR not only can cause health effects such headaches, insomnia, dermatitis, miscarriage,
cancer and other effects [11] but also can effects on reproductive system [12]. Otherwise, a
few studies showed that NIR exposure does not affect or even in small risk to human health
[14-19]. However, at this moment the World Health Organization (WHO) has still consider
the NIR exposure will not affect human health as long as the reference limit has not been
exceeded. World Health Organization (WHO) reported that exposure to RF fields such as
those emitted by mobile phones and their base stations is unlikely to induce or promote
cancers [20]. In 2019, about 9.3 billion of mobile telecommunication technologies
subscription estimated will affect each person in the world [21].

Hence, there are a lot of national and international organizations that have been established
responsible for the development of NIR exposure limits guidelines for the general public and

workers. They are Institute of Electrical and Electronics Engineering (IEEE), American
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National Standard Institute (ANSI), National Council on Radiation Protection and
Measurement (NCRP), Federal Communication Commission (FCC), Australian Radiation
Protection and Nuclear Safety Agency (ARPANSA), National Radiation Protection Board
(NRPB) and other organizations. In addition, there is also an international organization
provides guidance on the health and environmental effects of NIR to protect people and the
environment from detrimental NIR exposure that is known as International Commission on
Non-Ionizing Radiation Protection [22-26].

Base stations emit high frequency (HF) fields in the range from several hundred MHz to
several GHz (3 MHz to 300 GHz) [25, 39]. Meanwhile, in telecommunication services, the
EM waves radiated by antennas of BST oscillates at radio frequency (RF) that is defined as
the part of electromagnetic spectrum occupy the frequency range 3 kHz to 300 GHz [1-3]
which known as RF radiation which also included in the high frequency range. The higher the
frequency, the higher the energy. Thus, the farther it can penetrate the human body and further
up to the body’s cells. Table 1 shows transmit and receive frequency limits from base station
for three types of communication systems [26].

Other than that, above a certain threshold level depending on the duration, HF exposure and
following by rising temperature can trigger serious health effects such as heatstroke and
burning of tissue [22-24]. The long exposure to NIR can trigger cancer cells which caused by
the change in the structure of DNA and referred as thermal effect [27-28].

Therefore, many researchers have studied on radiation exposure including from the source of
BST [20, 28-30]. Most of the studies are focusing on EM radiation level measurement [29],
compared with regulatory of Radio Frequency-Electromagnetic Field (RF-EMF) exposure
levels in the corresponding areas and are mainly concentrated on BST either indoor or

outdoor around the residential area [31].
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Table 1. Frequency limits from base station in communication systems

Systems Lower Frequency Limits  Upper Frequency Limits
CDMA 450 (BaseRx) 452 MHz 456.475 MHz
(BaseTx) 462 MHz 466.475 MHz

EGSM/GSM  (BaseRx) 880 MHz 915 MHz
(BaseTx) 925 MHz 960 MHz

(BaseRx) 1 710 MHz 1 785 MHz

(BaseTx) 1 805 MHz 1 880 MHz
IMT (BaseRx) 825 MHz 835 MHz
(BaseTx) 870 MHz 880 MHz
(BaseRx) 880 MHz 915 MHz
(BaseTx) 925 MHz 960 MHz

(BaseRx) 1710 MHz 1 785 MHz
(BaseTx) 1 805 MHz 880 MHz

(BaseRx) 1 920 MHz 1 980 MHz

(BaseTx) 2 110 MHz 2170 MHz

(BaseRx) 1 980 MHz 2 010 MHz

(BaseTx) 2170 MHz 2200 MHz

(BaseRx) 2 500 MHz 2 570 MHz

(BaseTx) 2 620 MHz 2 690 MHz

TDD 1 885 MHz 1 920 MHz

TDD 2010 MHz 2 025 MHz

TDD 2 570 MHz 2 620 MHz

Note: TDD-Time Division Duplex

2. EM MEASUREMENT FACTORS
2.1. Unit Conversion of Field Strength
The electromagnetic field (EMF) generated from two fields; electric field and magnetic field.

Since these fields are believed harmful for human health as long as to living things, the field
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strength is the important factor to be concerned of. The EMF strength value is essential to
determine the amount of radiation emitted from a radiation source such as base station,
electric power lines, home electrical appliances and many more. Furthermore, it is also
necessary to make sure that the exposure levels received are not exceeding the limit suggested
by the government and the International Radiation Protection Association (IRPA).

The electric field (EF) strength relative to 1 microvolt per meter (dBuV/m) can be converted
from the value of voltage relative to 1 microvolt (dBuV) using the formula below [27].
E=AF +V (dBuV)+L (1)
Where E = Electric field strength, dBuV/m, V = Voltage Amplitude, AF = Antenna Factor,
dB/m and L = System Loss, dB.

Voltage amplitude is the voltage received obtained from spectral analyzer or other instruments.
Since the spectrum analyzer connected to an omni-directional antenna by a coaxial cable, thus
the calculation must include the loss from the coaxial cable. Same goes to any type of cable
used. While, antenna factor (AF) is the ratio of electric field strength at antenna to the voltage
produce at antenna connector [27].

2.2. Factors Influence the EM Radiation Exposure Levels

Factors that influence the level of EMR exposure are the most important aspect for
determining measurement techniques that are appropriate in this study. The radiation exposure
level of BST depends on several factors such as: the distance from the radiation sources, the
height of the tower, tilt and direction of the antennas fixed on the top of the tower, the number
of antennas on single tower, the type of radiation pattern [22-24, 27], the direction of main
beam of radiation, the feeding power and the operating frequency [32].

The radiation levels will enhance once an antenna is added on the Base Station Tower (BST)
[2]. In the presence of multiple antennas on single tower, exposure level measurement for all
the antennas must be considered. This is because the standard guideline limit of exposure
level applies to the total power produced by all antennas [1].

Main lobe of radiation from antennas also influences the total exposure. The exposure from
the main beam is higher than those from the side beam and also fluctuate according to the

number of calls [33-34]. Normally, the power radiated from the side beam of an antenna is at
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least weaker than the main beam in hundred times therefore will not be a threat to public
health. Previous study published analysis of the exposure levels of major cities in Sri Lanka
and expected that the main beam from base station antennas to reach ground level, typically
between 50 and 300 m from the foot of the antenna mast when the heights and the tilt of the
antennas slightly downward are in consideration. Thus, the radiation level below 50 m of the
mast is only due to any minor lobes which the exposure levels are very low [27]. Radiation
power level will be higher in several kilo watts in the main beam direction and will be much
lower when far away from the main beam [29].

Result obtained from a previous research, the maximum value of EMF energy flux density
was recorded at a distance 55 m which is not from the tower but measured from the antenna.
It is because the main beam radiation pattern of the antenna reached the ground surface at that
distance [6]. However, from an observation, the radiation directly under the base station
antennas which is usually less than 50 m was not always in zero value because of the mobile
traffic of the base stations that always changing depends on the number of calls and causing
the power densities fluctuate according to the number of calls. Otherwise, for those who
living in the buildings at the same height of base station antennas, they are already in safety
zone [27]. Since the main beam of the radiation pattern reached the ground surface, thus, the
compliance distance that have the same height with the antenna is a direct distance and we
called the beam pattern as side beam. Such in current study, EM radiation effects of BST can
be reduced by increasing height of towers, changing the direction of antenna facing or
relocating BST away from densely populated areas [30]. One of the phone companies in
England is being forced to remove its cell towers by residents and local authorities when
cancer rates in the building raised ten times above the national average [29].

Previous studies have decide to carry out all the measurements of radiation levels when there
were no people using mobile phones or were not engaged in any activities involving the
emission of radiation. In addition, the measurements started at the foot of the base station by
assume 0 m as the first point by following the direction of the main beam of the antenna
[33-34]. Therefore, the actual distance that must be measured to determine the exposure level

from one source is the distance of antennas mounted on the top of the tower. Measuring the
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distance from the base of the tower is not proper. Therefore, the height of the tower and
antenna tilt also must be considered as techniques to the radiation exposure level
measurement.

Other than that, LOS path also is one of the factors that influence the exposure level. When
signals do not travel in LOS path, the signal strength will be lower than signals which travel
in LOS path. Based on the analysis of the results obtained from the past research, the
transmission path of the radio wave which not propagates in LOS path was obstruct by
buildings constructed. It is because the transmission of radio waves in that path is affected by
the obstruction, which is influenced by its size and electrical properties has caused the signal
strength lower than radio wave which propagate in LOS path [3]. Moreover, it also depends
on the material of the building such intermediate materials which constructed by concrete and
bricks. These physical objects were not only may exist as buildings but also trees, hills or
mountains along the receiver and communication tower. Therefore, the incident waves also
will be dependent on the electrical properties of the obstruction’s material. Then, conductivity
of the material will be considered. The exposure levels of the people nearby also depend on
several factors such as reflection, diffraction and diffusion by physical [33-34]. These factors
caused by radio waves incident on the buildings constructed also depending on their thickness
and type of material [3]. With the existence of this obstruction, the received signal strength
will be decreased because of the increase in path loss.

The incident wave transmit from the transmitter will unaffected when the size of the
obstruction is smaller than the wavelength of the wave. Wave diffraction will occur around the
obstruction when both have the same size while some of the wave may transmit through the
obstruction. Such past study, towers are selected based on its accessibility and have good line
of sight to the antennas. When radio waves travel in LOS path its meaning that the
measurement was taken at a position that is clear without any blockage thus, the signal
strength received and distance of the wave propagation is according to inverse square law [3].
According to the inverse square law, the power densities measured influenced by the distance

from the antennas of the base stations [33].
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3. MEASUREMENT TECHNIQUES

3.1. Measurement Instrument

Instrument that were often used to determine the exposure level is radiation field meter, power
meter and spectrum analyzer. Generally, this instrument is used to measure the signal strength,
power density and some other parameters base on the available functions on the particular
instrument. However, the specifications of the instrument used must be compatible with the
study. Since this study was to determine the EM exposure level at RF range, thus the
instrument should be able to covers a frequency range up to 3 GHz [5-6, 29, 33-34]. Mention
about the advantages of using a spectrum analyzer, the power only in specific channel of the
mobile device is supposed to be transmitting can be read and enables to measure power within
more specified frequency bands. Many of the commonly used isotropic broadband meters,
however it performs very poorly in this multi-signal environment. This instrument just
enables for broadband frequency coverage and unsuitable for the carrier frequency associated
with a power reading. Besides, the power meter just shows the total average power value and
would be complicated when there are two or more strong signals present at the same time [29].
Thus, spectrum analyzer is more convenient and high sensitivity.

In addition, most of past studies were performed using isotropic (tri-axial) probes or antennas
which usually mounted on field meter and spectrum analyzer [22-24, 32]. The tri-axial probe
can capture the radio signal from all directions (x, y, z) with different polarizations [1, 29].
However, the efficiency of this manufactured probe not usually in high efficiency. This is
because, wider bandwidth, low the efficiency. So that, used more specific antenna with high
efficiency is more accurate. Generally, an antenna which is good in term of efficiency can
radiates in between 50% to 60% of the energy fed to it.

3.2. Techniques of Measurement

Since the distance from the source of radiation is the main factor affecting the level of EM
exposure, thus the measurement of distance from source is important before EM exposure
level measurement began. The results of a survey conducted by [35] on 530 respondents (270
men, 260 women) showed that those who live at a distance up to 10 m, most of them

complain only experienced nausea, loss of appetite and visual disturbances while respondents
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who live at a distance up to 100 m from the base station to complain mostly irritability,
depressive tendencies and lowering of libido. At a distance of 200 m, they suffer from
headaches, sleep disturbances and feeling of discomfort then followed by respondents who
lived with the distance of 200 m to 300 m, they are only the complaint of fatigue is
experienced significantly more often. The observations were made in comparison with
respondents who live at a distance of more than 300 m from the substation installation.
Therefore, in [35] suggested that cellular phone base station should not closer than 300 m to
the populations because every people have their own sensitivity to the exposure and the worst
distances from cellular phone base stations is less than 100 m.

Such the study conducted by past researcher, each measurement was repeated at increments of
10 m from the sources [36]. However, in another study, the measurement were taken at 10, 75
and 100 m from the radiation sources were chosen based on the real distance of the road,
residential and educational areas around the measurement site [1].

Such in a study of broadband and narrowband measurement, compliance distance is not taken
into account. In the study, broadband measurement on an area (zone A) was conducted
[33-34]. Measurements were carried out at a total of 30 points which are in the range of zone
A and point that has the highest power density was identified. Then, followed by narrowband
measurement for more details on the frequency band GSM 900, GSM 1800 and UMTS.
Afterwards, the highest power density (exposure level) for each frequency band was
compared with MPE set by ICNIRP.

The compliance distance is also referred to as a safe distance [37]. It can be determined when
one of the factors such as power density, field intensity and the SAR for the area around the
base station is at a safe level by referring to the exposure limit set by government agencies
and several organizations responsible. Areas that exceed the compliance distance is called
compliance zone where this zone is treated as safer zone for general public. Besides that, zone
which restricted access both to workers and the general public called exceedance zone while
zone which is only allowed to workers known as occupational zone [4].

A given location which has high exposure level still in the compliance zone even no one will

be exposed at that location. Due to the distance from the antennas, those locations right in
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front of the antennas may have significant radiation contribution and suggested that need to be
restricted by control the distance to minimize the exposure to workers and general public
especially those living in the area [2]. Besides that, transmitted power, antenna gain,
frequency, antenna height, tilt is among the factors to be taken into account in determining
compliance distance [4].

EM field measurements in the near and far zone of the communication antenna were
conducted in a study [6]. Near field which is referred as reactive field is used to characterize
the nature of an EM wave that is close to the source of radiation. The near field is not suitable
to conduct the measurement because the electric and magnetic field strength are not
perpendicular to each other, thus, it is difficult to relate both of them with a spreading EM
wave. While far field which is referred as radiative field which the electric field, magnetic
field and power density are combined together [29]. No wonder most of the studies used to
far-field measurement to determine the far field measurements to determine level of EM
exposure. Thus, when the far-field region can be reached, the EM field energy and power
density can be calculated according to the formula below.

S =E2/Zo or S=Zo H2 (2)
where S = Power density, W/m?, E = Electric field strength, V/m (dBuV/m in dB), H =

Magnetic field strength, A/m (dBpA/m in dB) and Zo = Characteristic Impedance, 377 Q.

Table 2. The appropriate measures based on the distance from the radiation source

Distance from Source Measurement

0 cm-about 5 cm SAR measurement

5 cm-about 20 m Electric and magnetic fields separately measure
About 20 m and beyond Power density measurement

Such SAR measurement, near field conditions provide more realistic results which is suitable
for measurements in laboratory environment. However, high number of measurements are
required in order to enhance precision. Actual exposure below an antenna can be significantly

less than far field exposure in many cases [2]. Unfortunately, the populations living in the
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vicinity of base stations are expose to the radiations in the far field [27].

3.3. Techniques of Analysis and Data Presentation

Usually, in the studies on electromagnetic radiation exposure from BST showed the calculated
exposure level in terms of power level which estimated from distance to the BST. This
assessment are extremely difficult and time consuming. Thus, map measurements in such
study or project of electromagnetic pollution was suggested [38]. There are many recent
studies have used mapping technique in presenting their data obtained from actual values [20,
29, 39-40]. Such a past research, the EM pollution measurement performed in crowded
residential areas (actual values) was compared to the statistical model analysis (estimated
values) [33-34]. Then, followed by digital maps processing for related places by embedded
the values of EM field strength (EM pollution) values which obtained from measurement
regions.

The study of GIS software has emerged in the last decade and has been chosen in various
studies as the best technique due to its exciting multi-disciplinary endeavor, spanning such
areas as geography, the environmental sciences and computer science [38,40-42,44]. Besides,
GIS software is a scientific tool that incorporates geographical features with tabular data
known as spatially referenced in order to map and analyze assess real-world problems by
reference to locations on the earth [40]. GIS is often used together with Global Positioning
System (GPS) are the most reliable method to identify and locate the various sources of EMF
radiation [29]. These modern techniques have been applied to many applications to provide
accurate positioning, data capturing, storing, organizing, managing, analyzing, retrieving and
end ups with mapping and statistical modelling [20, 29, 40, 46]. GIS also is an automatic
system that merges data and visualizes localized geographically information [42-45, 47]. In
addition, NASA stated that GIS is a computer modelling system that allows for the integration
and collective analysis of geo spatial data from multiple sources including satellite imagery,
GPS recordings and textual attributes associated with a particular space (NASA).

Such in one of the EM study, the Natural Neighbour (NN) interpolation technique was applied
by using the GIS (ArcGIS software's analyst module) so that the environmental EM pollution

maps are produced [39]. Not only that, GIS can also be used as a method to indicate a
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correlation other than statistical methods. For example, GIS was applied in the other research
to recognize the correlation between dengue distribution cases to the climatic factors in
Cheras, Kuala Lumpur, Malaysia [38]. In GIS software, the interpolation is a process of
estimating grid values using measured observations taken from a point. This technique can
improve the understanding of the reader to understand more at the same the data presentation

is able to compare clearly [33-34].

4. CONCLUSION

According to the review of existing scientific research, several aspects and methods need to
be considered before conducting the measurement. Firstly, the selection of appropriate tools
for the study which the equipment specifications is crucial to avoid errors in measurement.
We can conclude that the use of spectrum analyzer is suitable for our future study since the
signal power level in specific channel of the mobile device can be read and enables to
measure power within more specified frequency bands. For instance, antennas used should
cover radiofrequency of interest which is below 3GHz where the telecommunication activities
fall in this range of frequency bands. Besides that, the research site should be determined
before the study is performed in order to identify the factors that influence the level of
exposure which may be caused by environmental conditions.

Furthermore, near field and far field should also be identified to determine the appropriate
zone and distance to conduct the research. Finally, the data and results obtained could be
analyzed and presented using mapping technique such as the Geographical Information

System (GIS) using ArcGIS software for better interpretation.
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