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Abstract

As the number of users using the mobile phones increases, new towers and
hardware are required to serve the new users. Accordingly, the people around
become worry of the rapid increase of the antennas used by the cellular phone
providers, especially when these towers are very close to their own houses,
work place, etc., and they have no idea about such towers and the
electromagnetic field (EMF) they emit. In our research, a comparison between
our hand-measurements of the radiated power measured in watt per unit area
and the universal standards of the radiated power is introduced. Our main
results show that the radiated EMF power is extremely lower than the
threshold severe powers. Moreover, even if the number of mobile service
providers increases, there is still a large gap between the sever power (the
power that might cause hazard to human in accordance with international
standard limits) and the estimated power transmission.

Keywords- Electromagnetic field; mobile systems; transmission powe
measurements.

INTRODUCTION

Mobile telephony is one of the most recent and successful applications of Marconi’s
revolutionary invention. To be able to make mobile phone calls, a mobile telephony
network is needed. A major part of the wireless network is built up of radio base
stations, whose antennas send and receive radio signals to and from the mobile phones.
To provide the required coverage, the base stations are located at regular distances
according to a fixed pattern, just as street lamps are evenly spaced to light the way
along a road. The area covered by a base station is called a cell, thereby; the term
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cellular telephony is used. As more and more people use mobile telephones, more base
stations are required to handle the growing number of calls. Each base station can
manage up to approximately 100 calls at a time in a cell [1]. As the number of users
increases, the cells need to be smaller hence the base stations are placed closer
together, which increases the capacity of the network.

When a person is exposed to the radio waves from mobile phones or base
stations, most of the energy will be reflected by the body or travel around. Some of the
energy will, however, be absorbed in the tissues at the surface of the body. Inside the
body certain molecules, like water, will start to move or rotate due to the presence of
the electromagnetic fields. Due to collision between the electromagnetic wave and
human body, the energy is converted into heat. If the radio wave intensity is very high,
the heating may be significant and potentially detrimental. The power used by mobile
phones is very low and the tissue heating due to radio wave absorption is too small to
be noticeable. The specific absorption rate, SAR, is used to specify the amount of radio
frequency energy absorbed in the body. SAR is expressed in the unit watts per
kilogram (W/kg) and the energy flow per unit time through a unit area expressed in the
unit (W/m?), is also an important parameter to specify the amount of energy in a
predefined area.

There is a serious problem regarding the EMF effect appears due to a gradual
increasing of base stations built by the mobile service providers. This phenomenon
caused kind of phobia for the people. Accordingly, we introduce an extensive and
scientific study based on analysis of the previous research results, gathering and
reviewing information related to the EMF effect under certain practical assumptions.
Our research will concentrate on the EMF influence on human being and environment,
hopping at introducing clear and sharp answers to the people regarding this wariness.

Toward this end, we collect information, researches studies and
standardizations concerning the EMF effects on human and environment, reviewing of
literature, highlighting the approved measurements of power and EMF energies,
performing experimental measurements through the mobile service provider, making
new measurements based on the radiated power from several types of towers, using a
measurement apparatus called EMR-200/300 produced by NARDA Company to make
these measurements [2]. Analyzing the measured power and measuring criteria,
including the distance between the base station and the people who are living in the
vicinity of mobile phone base stations and power levels limited for these base stations.
Finally, a computer based study is the final part of our research, in which, we will
consider the trustable researches to determine a limit exposure areas. Moreover,
assuming a random distribution of future mobile service providers, and collecting the
whole expected exposure from all of the radio wave services in a crowded area (worst
case scenario).

Electromagnetic waves carried by particles called quanta. Quanta of higher
frequency (shorter wavelength) waves carry more energy than lower frequency (longer
wavelength) fields [3]. Some electromagnetic waves carry energy per quantum that has
the ability to break the bonds between molecules. In electromagnetic spectrum,
Gamma rays given off by radioactive materials, cosmic rays and X-rays carry this
property and they are referred to as ionizing radiation. Fields whose quanta are
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insufficient to break molecular bonds called non-ionizing radiation. Manufactured
sources of electromagnetic fields that form a major part of industrialized life -
electricity, microwaves and radiofrequency fields are found at the relatively long
wavelength and low frequency end of the electromagnetic spectrum and their quanta
are unable to break chemical bonds.

In 1974, the International Radiation Protection Association (IRPA) formed a
working group (WG) that works on the non-ionizing radiation (NIR), which examined
the problems arising in the field of protection against the various types of NIR. At the
IRPA Congress, Paris, 1977, this working group approved to be the International Non-
lonizing Radiation Committee (INIRC). In cooperation with the Environmental Health
Division of the World Health Organization (WHO), the IRPA/INIRC developed a
number of health criteria documents on NIR as part of WHO’s Environmental Health
Criteria Program, sponsored by the United Nations Environment program (UNEP). At
the 8th International Congress of the IRPA, a new independent scientific organization,
International Commission on Non-lonizing Radiation Protection (ICNIRP) was
established as a successor to the IRPA/INIRC. The functions of the Commission are to
investigate the hazards that may be associated with the different forms of NIR, develop
international guidelines on NIR exposure limits, and deal with all aspects of NIR
protection [4, 5].

Revolution of genetic engineering in biological fields motivates researchers to
consider the EMF effect from another point of view, in 1997 several studies found that
RF fields increase the rate at which genetically engineered mice developed lymphoma,
the health implications of this result is unclear. Other studies are underway to confirm
such results and determine any relevance of these results to cancer in human beings.
Three recent epidemiological studies found no convincing evidence of increase in risk
of cancer or any other disease with use of mobile phones.

The National Toxicology Program (NTP) has worked closely with
radiofrequency experts from the National Institute of Standards and Technology
(NIST) to design highly specialized study facilities to specify and control sources of
radiation and to measure their effects on rodents. The NTP studies are designed to look
at effects in all parts of the body. Final study results are expected in 2016 [6].

Although there remains a great deal unknown about the health implications of
RF radiation, the potential thermal hazard is understood and should be given serious
consideration. The deposition of RF energy in the human body tends to increase the
body temperature. In their summary and recommendation for further studies report,
WHO describes terms of power density and physical characteristics in relation to
biological effects suggesting that [7], the metabolic heat production can reach 3-5
Watt/Kilogram. In normal thermal environments, a SAR of 1-4 Watt/Kilogram
extended to 30 minutes produces average body temperature increases of less than 1 °C
in healthy adults. Thus, an occupational RF guideline of 0.4 Watt/Kilogram SAR
leaves a margin of protection against complications due to thermally unfavorable
environmental conditions.

In conclusion, RF intensity from the sun, the primary natural source, is less
than 0.01 mW/m? Human-made sources, which emit the majority of RF fields found
in the immediate environment, can be divided into those found in the community,
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home, and workplace; in community, most RF fields found in the environment are due
to commercial radio and TV broadcasting, and from telecommunications facilities. A
study conducted in the Unites States found that, in large cities, the average background
RF levels were about 50 1 W/m?. About 1% of people living in large cities are exposed
to RF fields exceeding 10 m W/m?. Higher RF field levels can occur in areas located
close to transmitter sites or radar systems. In home, RF sources in the home include
microwave ovens, mobile telephones, burglar alarms, video display units and TV sets.
Microwave ovens that could potentially be the source of very high RF levels are
covered by product performance standards which limit the amount of microwave
leakage. Overall, the RF field background from household appliances is low, and of
the order of a few tens of pW/m?2 Finally, in workplace, relatively high levels of
exposure to RF fields can occur to workers in the broadcasting, transport and
communications industries when they work in close proximity to RF transmitting
antennas and radar systems. Important subsets of these workers are military personnel.
Stringent regulations controlling the civil and military use of RF fields exist in most
countries. Exposure to RF fields may cause heating in body tissues. Heating is the
primary interaction of RF fields at high frequencies, above about 10 MHz. A scientific
review by WHO, held under the International EMF Project concluded that [8], from
the current scientific literature, there is no convincing evidence that exposure to RF
shortens the life span of humans, induces or promotes cancer.

An EEA Report No 5/2013 Environment and human health by EEA-JRC report
is published in May 2013 [9], the report highlighted the fact that exposure to
electromagnetic fields (EMF) is an unavoidable fact of modern life. High levels of
electromagnetic radiation can cause significant health effects, but the exposures most
people face in their daily lives are typically much lower. Available studies of the
relationship between mobile telephone use and the incidence of head and neck cancers
are not conclusive, but point at the merit of precautionary action. The WHO's
International Agency for Research on Cancer (IARC) has classified radio-frequency
electromagnetic fields as possibly carcinogenic to humans. Particular caution is
advisable regarding mobile phone use by children as they may be more sensitive to
radiofrequency field exposure than adults in view of their continuing neural
development.

. THEORITICAL POWER MEASUREMENTS AND ANALYSIS

A Theoretical background and standard limit

A magnetic field can be specified in two ways as magnetic flux density, B, expressed
in Tesla (T), or as magnetic field strength, H, expressed in ampere per meter (Am™)
[10]. The magnetic flux density and the magnetic field strength are related by

B=puxH, 1)
where [ is the magnetic permeability constant, in a vacuum and in air, as well as in

nonmagnetic material, p has the value of 4nx10” in free space or vacuum when
expressed in Henry per meter (H m™). In far field region, the plane wave model is a
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good approximation of the electromagnetic field propagation, in which the electric
field vector, E (in Volts/meter [V/m]), magnetic field vector, H (in Hennery/meter
[H/m]), and direction of propagation are mutually perpendicular, and the average
power density, S, per unit area normal to the direction of propagation, relates to the
electric and magnetic fields as [10, 11].

S:%Re(ixH*: (2

In the far field, the electric and magnetic fields are approximated by the #and ¢
components and their radial component are neglected as they are small compared to
the other components. The electric and magnetic fields in the far field are given by

E(r,0,¢) ~ Eo(r,0,¢)a, + E,(r, 0,03,

and

H(r,0,4) ~Hy(r,0,9)a, + H,(r, 0,93, ,

where a,and a,are unit vectors in the directions of the ©and ¢. Substituting the values
of E and H and using the relations g,(r,6,¢) =yH,(r,6,¢) @nd E (r,6,¢) = —H,(r,0,4) »
where 5 =1207Q ~377Q. The relation (2) reduces to

S5 (.00 +[E,r 0.9 5, ©

Or alternatively,

S =T(H,(r.0.9) +[H,(r.0.6) 2, “

&, is a unit vector in the radial direction showing the direction of propagation of waves.
The magnitude of the electric and magnetic fields in the far field are approximated as:
E(r,0,9) :\/(‘Eg(r,é’,gé)‘z +\E¢(r,9,¢)\z) and  |H(r,0,¢) = \/(\Hg(r.9,¢)\2 +\H¢(r,9,¢)\2)

Therefore, the average power density in terms of the magnitude of the total electric and
magnetic fields is given by

S :i\E(r,w) *a, - ©)
2n

’a, :%\H(r,e,qﬁ)

In near field, the electromagnetic field structure may be highly inhomogeneous,
and there may be substantial variation from the plane wave impedance of 377 ohms,
that is there may be almost pure E field in some regions and almost pure H fields in
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others. Exposure in the near field is more difficult to specify, because both E and H
fields must be measured, power density is no longer an appropriate quantity to use in
expressing exposure restrictions. The exposure to time varying EMF results in internal
body currents and energy absorption in tissues that involved. The internal electric field
and current density, J, are related by ohm’s law, J = ¢ X E, where ¢ is the electrical
conductivity of the medium.

The SAR (Specific Absorption Rate) is related to the electric field strength in
biological tissue by electrical properties of the tissues through which the current flows.
It is possible to obtain a measure of induced current under certain exposure conditions
from knowledge of anatomical cross-sections and the conductivity of the relevant
tissues,

2
SAR:O-XE

.’ (6)

oxp’

where J is the current density (A/m?), ¢ is the conductivity (S/m), and p is the density
(kg/ms).

Aiming at simplifying the mathematical notation, the following table
summarizes the electric, magnetic, electromagnetic, and dosimetric quantities and
corresponding Sl standard units taken from [10].

TABLE I. ELECTRIC, MAGNETIC, ELECTROMAGNETIC, AND DOSIMETRIC QUANTITIES
AND CORRESPONDING S| UNITS.

Quantity Symbol Unit
Conductivity o Siemens per meter (S/m)
Current density J ampere per square meter (A/m°)
Electric field strength E volt per meter (V/m)
Magnetic field strength H ampere per meter (A/m)
Magnetic flux density B Tesla (T)

Magnetic permeability U Henry per meter (H/m)
Permittivity € farad per meter (F/m)

Power density S watt per square meter (W/m?)
Specific energy absorption SA joule per kilogram (J/kg)
Specific energy absorption rate | SAR | watt per kilogram (W/kg)

B. Mobile communication system and standard limits

Mobile Service Provider companies distribute base stations over the whole
geographical area performing a mobile cellular network. An ideal network would
consist of a mesh of hexagonal cells, each with a centralized base station. However,
local topography will affect the propagation of radio signals, with features such as
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hills, buildings and vegetation attenuating and reducing the coverage area. Moreover,
each individual base station is limited in specific capacity of call traffic that can
handle, and as a result a higher density (large number) of base stations is required in
areas with more users, which increase the transmission power density per unit area,
such as city centers. So the size and shape of cells varies with smaller cells in urban
compared with rural area. this explain why used the base stations in serving smaller
cells with lower power and serving larger cells with a higher power.

We consider the first and the only mobile service provider uses the GSM
system, GSM networks operate in one of two frequency bands around either 800/900
MHz and1800/1900 MHz. Both of these bands are divided into a number of frequency
channels, each of these channel is 200 KHz wide [12]. Every GSM base station will
always transmit all timeslots of one channel in each sector at its maximum power. This
signal carries the broadcast control channel (BCCH) in one of the eighth timeslots and
this is used by mobile phones trying to established, communication will occur using
traffic channels (TCH) which carried on any of the available frequencies. In our
research we adopt the measurements of the signal power in time slots for GSM base
station BCCH and TCH carriers and for mobile phones.

ICNIRP specifies both partial-body and whole-body SAR limits, which restrict
the possible localized and whole-body heating. Since SAR may be difficult to
measured or calculated in some real radio frequency exposure situations, ICNIRP also
specifies reference levels. These frequency-dependent levels are expressed in terms of
power density and field strength values, and have been developed for the purpose of
comparison with exposure quantities in air. If the field strength levels are below the
reference levels, the basic restrictions will not be exceeded, the following table shows
basic restrictions (Frequency 10 MHz — 10 GHz) [13-15].

TABLE 1. BAsic SAR RESTRICTIONS

Whole body SAR 0.08 W/kg
Localized SAR, head and torso | 2 W/kg
Localized SAR, limbs 4 W/kg
Localized power per unit area | 4.5 W/m®

New mobile phone models are designed and tested to be in compliance with the
SAR (specific absorption rate) limits specified in relevant national and international
radio frequency safety standards and regulations. The SAR tests are performed
according to international standards. In Europe, USA, Japan and several other
countries, mobile phones must be shown to comply with the exposure limits before the
introduction on the market. GSM phones have a peak power of 2 W (GSM 800/900) or
1 W (GSM 1800/1900). The maximum average power is one eighth of the peak power,
hence 250 mW (GSM 800/900) or 125 mW (GSM 1800/1900). For GPRS, the peak
power levels are the same as for ordinary GSM but the average power when using two
timeslots can be up to 0.5 W for 900 MHz and 250 mW for 1800 MHz. For 3G
(UMTS/WCDMA) the maximum power is 0.125 W or 0.25 W depending on the
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terminal type [16-18]. It is worthy to mention that the recommended exposure limit is
0.45 mW/cm? [7, 8].

1. ELECTROMAGNETIC FIELD INTENSITY MEASUREMENTS

In this section, the electromagnetic field measurements are listed and summarized in
tables, example shown in Table Ill. The measurements are taken on several distances
in meter with power per meter square (Watt/m?) for different antennas, which are
measured in two different sites. Each site comprises of three sectors or cells A, B, and
C, and the field intensity and average radiated power density are measured for all these
cells using the EMR 200/300 NARDA measurement instruments. The E and H to the
average power density using the relation in (5).

As another example of the measurements, in Table IV, we introduce hand
measurements for power per meter square using EMR-21C Narda instrument. The
relation among power and distance/time is shown in Fig. 1 that is related to data in
Table I1I.

Fig. 1 shows the powers with time for values of power measured using special
software provided by the mobile service provider based on the data given in Table I11.
However, Fig. 2 shows the power with time of hand measurements given in Table IV.
The distance and the time are related through the speed of propagation of radio wave,
which is equals to the speed of light ¢ =10° m/s.

TABLE IIl. FIELD INTENSITY MEASUREMENTS FOR BS ABOvE COMMERCIAL
ROOM
Antenna data Cell frequencies
Height(m) | Type of antenna | Gain | BCCH TCH
Cell A 24 739623 17dB | 113 101 to 112
Cell B 24 739623 17dB | 120 101 to 112
Cell C 24 739623 17dB | 122 101 to 112
Power density measurements
Cell ID Cell A Cell B CellC
Distance (m) W/m?* W/m? W/m?
3 0.1194 0.4941 0.1021
6 0.2089 0.2978 0.0203
10 0.0040 0.3509 0.0090
15 0.0038 0.4200 0.0070
20 0.0030 0.4000 0.0055
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TABLE IV. POWER VALUES FOR TWO CELL SITES
SITE ID | Distance in meter Power level W/m?
CELL A CELLB
8 0.009 W/m2 | 0.0174 W/m
10 0.0087 W/m2 | 0.0078 W/m2
12 0.0085 W/m2 | 0.0078W/m2
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rigue 1. Power levels and time relationship.

V. FUTURE EXPECTATIONS

In this section, we introduce power level changes if other mobile phone providers are
expected to operate in the same geographical area. The power level for more providers
accumulated relevant to mathematical calculations, assume that there are n base station
antennas as illustrated in Fig. 3. The i antenna of power (P;), gain relative to the
isotropic antenna in a given direction (G;), and coordinates relative to a certain
reference origin (x;, Vi, zi), where i € {1,2,.., n}.
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Figure 3. Antennas contributing to RF field at point of interest.
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Although the gain G; is generally a function of coordinate variables, it may be
safely assumed to be a constant to simplify our calculations. electromagnetic power
density (Si) due to the i radiating antenna at point (x,y,z) located in the far field free
space is given by [12].

s _ KEIRR.
R.n

(")

where K; is a constant real number, R; is the distance between the trasnmitting antenna
(base station transmitter) and the location of received power, n is the path-loss
exponent for the radio channel (n =2 in the simple case of free-space path loss) and
EIRP; is the Equivalent Isotropic Radiated Power of the antenna, which is given by the
product of the antenna power and its gain, that is,

Ri:\/((_xij+q_yif+(_zif1 (8)
and
EIRP, =P, xG;. 9)

Applying superposition concept, then, the aggregated total power density from
all tarsmitting antennas (base stations) is sum of the individual power desnities and is
given by

\ \ KiPG

Si:ZSi=Z S

n n ) 2
i=1 i=1 «(_Xi/+q_yi/+(_zi//

(10)

Aiming at simplifying the simulation results, we assume that the number of
mobile service providers is extended to four, the transmission power from all towers of
new providers is the same as the currently exsting towers. We consider the site shown
in Table 111, however, the total received power desnity is accumulated power desnity
from 4 similar sites above the commercial room. Fig. 4 shows the accumulated power
density taken at different time slots.
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Figure 4. EXxpected power desnity level with time.

Finally, Fig. 5 shows the changes in the level of power density with time for
hand measurements, but related to additional three providers at BS in the same area
with two-cell sites as shown in Table V.
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V. CONCLUSION

Relying to recent researches reported by FCC that specified the primacy of SAR over
power density or field strength below 6 GHz, and the SAR-based exemption of fixed,
mobile, and portable RF sources of a single and multiple transmitters. We, in this
research, provide power density measurements in a single transmitter scenario and a
multiple transmitter scenario as well. The research contains important measurements of
power measured by hand and power using software of the mobile service provider
company to show that whether the power values exceed standard limits specified by
FCC organizations or not. The standard limits in the working area adopted by
Environmental Quality Authority (EQA) is 4.5 W/m?, from these standard level and
our measuremetn results, we conclude that power emitted from cell site BS’s does not
exceed these standards and we also predict the the same sitatuions when assuming
there are some additional cell sites in the next few years.Though we have shown that
the EM emissions from our experiments are below the standard limit, our results
mayn’t be taken as generalizations to avoid the phobia regarding the effect of the
current electromagnetic exposures from cellular mobile systems as it needs extensive
field measurement and data analysis of all possible transmission scenarios.
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