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ABSTRACT

There is a concern that exposure to radio frequency electromagnetic fields (EMF) from mobile
phone base transceiver stations (BTS) might lead to adverse health effects. In order to assess the
potential health risks, reliable exposure assessment is necessary. In-situ measurement based
exposure assessment is an enhanced approach to quantify ambient exposure to EMF in the vicinity
of deployed BTS or other communication devices. In this paper, using in-situ measurement
approach, the human exposure level to electromagnetic fields radiated from the base stations in
residential areasis studied with a broadband field strength meter. It was observed that values of the
electric field strength and magnetic field strength are in the range of 0.07 V/mto 0.96 V/m and from
0.00020 A/m to 0.0025 A/m respectively, both which are quite lower than the maximum safety
standard limits ((41V/mfor electric field strength and 0.8 A/m for magnetic field strength) set by the
International Commission on Non-ionizing Radiation Protection (ICNIRP) and other regulatory
agencies. To further validate the electric and magnetic field strength data results, the EM radiation
exposure ratio (ER) of each BTSwas further calculated and the highest ER of 1.42 E-4 and 8.86E-5
ware recorded in BTS 2, both whichis less than 1. Therefore, we may conclude that the vicinity of
each assessed BTSisin compliance with the ICNIRP reference levels used for public health safety.

Key words. Electromagnetic field radiation, Base transceiwtation, in-situ measurement,
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INTRODUCTION

In recent years, personal mobile telephony hasrbeame of the most successful and widely uses
of radio communications. The rapid growth and sprefathe mobile phone telephony has resulted
in the installation of numerous base stations lmotirban and suburban or rural areas by different
radio network operators. This is done to relaysch#tween mobile phone users and the telephone
system. Also, to provide adequate signal strengtferage throughout the entire service area, many
base stations are located or proposed to be s#@dresidential areas or on school properties.&'hes
base stations are either mounted on free standigrs or attached to rooftops or the sides of
buildings.

According to the Nigerian National Communicationsn@nission (NCC), the number of deployed
BTS or cell sites by the four operators (i.e Airtelisalat, Globacom, and MTN) grew from zero in
2001 to about 44,000 in May 2014. As of May 201#% (GSM operators collectively have a
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subscriber base of approximately 178 million limed of which131 million lines were active as.
This astronomical growth of GSM deployment suggespsoportionate increase in the amount of
radio frequency radiation emitted into the courdsrgir space, a trend that deserves regular
monitoring through appropriate measurements of Rkepower given out by the base stations
(Ekata, Gand Kostanic, 2014)[1].

In parallel with the increase and installationloége BTS, there has been an increase in community
concern about possible health effects from theorégiquency (RF) radiation emissions from the
stations. This concern has thus pushed the reseaseind the necessity of finding a reliable means
of analyzing radiation exposure pattern from thebilophone base stations to address the safety
dread.

Aim and Objectives
This study is aimed at investigating the potentiak of electromagnetic radiation from BTS,
otherwise known as communication masts on humalthhea
The specific objectives of this study are to:
» ldentify possible areas at risk to electromagnettiation from BTS.
* Measure the amount of electromagnetic radiatioBT®H using electric field and magnetic
field strength.
» determine the spatial average value and exposticeafimeasured field data within the
space occupied by a human body
- Compare results with international standards odgjines.

Justification of the study
There is concern that exposure to radio frequetestremagnetic fields (EMF) from mobile phone
base transceiver stations might lead to adverskhhetiects. In order to assess potential health
risks, reliable exposure assessment is necessaryeVr, in Nigeria where this study is carried
out, several scientific research gaps in knowledjggted to dosimetry and exposure assessment of
radiation from mobile phones base are identifieog which are:
» Lack of procedures and test modes for testing Ebtfation from mobile communication
devices employing novel communication standardk satfety limits
» Limited or lack of precise information on the sudbjef the level of EMF radiation exposure
from mobile telephone base stations under nornmeataaditions
» Lack of robust in-situ measurement procedures basebsorption characteristics of
incident E- and H-field limits with respect to thasic restrictions
» Absence of robust assessment of the magnitudeaadf exposure of an individual or a
group to an environmental agent. The agents ofasten this case are the electric and
magnetic field strengths
Previous studies on potential health effects framia frequency EMF from mobile phone base
stations have applied several methods to assessuey Performing in-situ measurements as
employed in research paper could be perceivedsaperior approach to obtain precise exposure
estimates.

Theoretical Background

In wireless communications, the information thatrensmitted from the transmitter to receiver
propagates in the form of electromagnetic (EM) waMee whole range of different EM-waves is
described in the electromagnetic spectrum (Figyt&hese waves have diverse energy levels
transmitted from a source is generally known as faMation. According to Nasa (2010) [2], EM
radiation is a particle and wave phenomenon thatirscwhen an electric field and a magnetic field
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oscillate perpendicularly and in phase to eachrotie other words, EM field waves are fields of
perpendicular electric and magnetic forces togethesite an EM field that propagates in space or a
vacuum; both self-induced electric and magnetid$ie@scillate perpendicularly to the direction of
the EM energy propagation. EM radiation can alsgd®n as a wave that moves through a medium
and transfers energy from point to point. Humares exposed to EM radiation from natural and
anthropogenic sources (Health Canada, 2010) [3].

Generally, EM radiation is part of everyday lifeniged by different sources like the Sun, the Earth
and the ionosphere. EMR is also emitted by aréifisources such as presented in table 1

Table 1: Some key sources of EM radiation

S/N EM Source Operation Frequency Transmission Power
1 AM/FM Tower| 540 KHz-108 MHz 1kw-30kw
2 TV Tower| 48 MHz- 814 MHz 10- 500W
3 Wi-fi 2.4-5GHz 10-100 mW,
4 | Base Station o] 800, 900, 1800, 20W
Tower 2100, 2300MHZz

5 Mobile Phones GSM-1800/CDMA 1w

GSM-900 2W

[CPhofon Energy (eV)

|

Figurel: The electromagnetic Spectrum

As can been seen in figure 1 above, EM radiatioisionising radiation. This means that it is not
able to directly impart enough energy to a molearl@tom to break chemical bonds or remove
electrons. In contrast, ionising radiation (suchXarays) can strip electrons from atoms and
molecules. This process produces molecular chahgésan lead to damage in biological tissue.

It has been known for many years that exposureifticently high levels of radio frequency EM
radiation can heat biological tissue and potentiediuse tissue damage. This is because the human
body is unable to cope with the excessive heat rgégek during exposure to very high levels.
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However, some studies have shown that environméenels of radio frequency EM radiation
routinely encountered by the public are far beloe llevels needed to produce significant heating
and increased body temperature.

At relatively low level of exposure to EM radiatidthat is, field intensities lower than those that
would produce measurable heating), the evidenceroduction of harmful biological effects is
ambiguous and unproven. Although there have beetes reporting a range of biological effects
at low levels, there has been no determination skhiah effects might indicate a human health
hazard, even with regard to long-term exposure

Electric and Magnetic field:
Electromagnetic fields can be sub-divided into seonponents: the electric field and the magnetic
field. Electric field strength is a vector quantilf) that corresponds to the force exerted on a
charged particle regardless of its motion in spdde.expressed in Volt per metre (V/m). Magnetic
field strength is a vector quantity (H), which, étiger with the magnetic flux density, specifies a
magnetic field at any point in space. It is expeesisi Ampere per metre (A/m). The E-field and the
H-field are mathematically interdependent in thefi@d, that means only one component has to be
measured. For example, in free space if the H-fiklcheasured in this region, it can be used to
calculate the magnitude of the E-field and powersitg Py
Poynting’s theorem defines the relationship betwdenpower density to the E-field and H-field
vectors as follows:

Pd = E X H (1)
The magnitude of the power density based the sidakoature of the EM wave is expressed by:
e
|Pd == =n|H]| (2)

Ui
In (2),n is the impedance of the free space defined by:

n= \/Z 3
Eo

where
Lo =41rx10” (4)
-9
Eo= ]:-g(én_ (5)

Then from equation (4) and (81201 =377Q

Considering  (3), (4) and (5) in (2), we have
EZ
Pa = 6
" T1207 ©)

Equation (6) shows that the power density is diyeptoportional to the square of electric field
strength. Also, knowing the radiated powE¥,y on the base station antenna, it is possible to
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estimate the power densif§s on any point around the antenna from a distand®y, dividing the
radiated power with surface area of a sphétd? at that distance. That is,

Pd — Pr ad2
4rd
Applying G4 as the radiated antenna gain, (7) becomes
Pr adGrad
Pa=——7>
4rd
From the above, we can see that
E2 _ Pr adGrad

1207 4m?
Thus, the E-field can be calculated from (9) as:

E — ,BOP(rja:Grad

E= vV 30Fd)r adGrad (10)

(7)

(8)

9)

MATERIALSAND METHODS

This part describes adopted procedures for measetactromagnetic field that aims to evaluate
EMF radiation form BTS deployed at public placesl &m compare the results with recommended
levels. All procedures for the method of measuramandifferent points are made on the basis of
the recommendations of international organizat{dns$].

Depending on the operation state of the baseostatie radiated EMF from a radio base station
can be evaluated by three methods (Byung, 2009)gs}ification measurement when a base station
gets on to the market, in-situ measurement whenase station is offering a service, and
electromagnetic environment measurement when adpasen is put into service. According to this
author, Certification measurement is the same psrimrmance verification test carried out in an
anechoic chamber, while in -situ measurement igraam exposure assessment focused on human
beings. In this paper, we adopt in-situ measurerteebtain our data (electric field strength and
magnetic field strength)

M easurement L ocations

The measurements were executed in April 2014 &trdiit locations in Benin City, Nigeria, and
consist of 8 GSM BTSs. The measurement locatiomsionr were randomly selected across Benin
in order to compare BS exposure of various sourtls.short-term measurements were executed
to characterize in situ exposure of distinct rddeguency sources at different locations

M easur ement equipment

The equipment used for data collection consiste®,GBer measuring tape, and EMF radiation
meter with isotropic field probes. The radiationterevas used to measure the effective values of
electric field strength data in each measuremexation.

M easurement procedure

The data (electric and magnetic field strength)eneallected from the three GSM operators (which
are MTN, AIRTEL and GLOBACOM)' base transceiver tgins (BTSs). All the BTSs were
located in GRA, Benin City, Nigeria. For each oé tmeasurements location, electric field strength
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data were taken at 5m intervals to 50m from the 878l the BSs are dual band-three sectored
antennas; the antennas have an in-build featureshvemable them radiate at 900/1800MHz. The
antennas are sectored 120 and the antennas weakethsit different heights ranging from 22m to
40m above the sea level for three network operatspgectively. The electromagnetic broadband
meter was place at approximately 1.5m to deteclidgek strength at a given point.

It should be noted here that only electric fieldesgth was measured, since measurements are
typically made in the far field. The magnetic fieltkength was calculated form electric field
strength using the intrinsic impedance of free s@ain equation (2)

RESULTSAND DISCUSSION

Here, we considered metric such as the electrid §ength E (V/m), magnetic field strength H (A
/m), and exposure ratios (ER) over the differemiations and the corresponding ICNIRP safety
standard reference levels in table 2. In this paperadopted reference levels of the ICNIRP [7]
because it is most commonly used safety standewdsdmong others at the present time due to the
following reason as itemised in [8]:

* ICNIRP guides lines were published in 1998.

* Limits are based on all available scientific reshand include large safety margins.

* Limits are set to protect all people from estaldsladverse effect from short and long term

exposure.
» Specifies limits for both general public and ocdigaal exposure.
* Endorsed by World Health Organisation (WHO).

Table 2. Summary of ICNRIP Reference levels for generalufaipn Exposure

Frequency E-Field (V/m) H-Field (A/m)
1MHz - 10 MHz 87t” 0.731"”
10MHz - 400 MHz 28 0.73
400MHz - 2GHz 1.375F° 0.003f*
2GHz - 300 GHZ7 61 0.16

Exposureratio

The exposure ratio (ER) is the ratio of the measureaximum electromagnetic electric field
strength (E) or magnetic field strength (H) to éppropriate reference level at a given frequency. A
value greater than “1” signifies that levels to @rhipeople may be exposed exceed the reference
level (CC/REC /(02)04) [9]. It expressed by (ITY2011) [10]:

ER= MAXHEJZ(iﬂ (11)
EL HL
where:

ER is the exposure ratio at each operating frequércihe source
EL is the investigation E-field limit at frequenty
HL is the investigation H-field limit at frequenty
E is the assessed E-field at frequehfyr the source
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H is the assessed H-field at frequehéyr the source

ER is applicable to limits based on national regoladi or if they are not defined then in ICNIRP
principles.

Here, in order to evaluate the human exposure tee bstation radiation with ICNIRP
recommendations or guidelines, the ER value ustvgral data measured within the measurement
location is calculated using the expression in #qng11), and then the result is compared with the
limits.

Shown in tables 3-4 and figures 2- 7 are the vanatof electric field strength and magnetic field
strength as a function measurement distance fraim assessed BTS. It can be observed in table 3
and table 4, that values of the electric field regth and magnetic field strength are in the range
from 0.07 V/m to 0.96 V/m and 0.00020 A/m to 0.0025n respectively, both which are quite
lower than the maximum safety standard limits ((4tYor electric field strength and 0.8 A/m for
magnetic field strength) set by the Internationahfnission on Non-ionizing Radiation Protection
(ICNIRP) and other regulatory agencies.

We also observed that the electric field strengtd enagnetic field strength of the EM waves
fluctuates and decreases very quickly as the dist@etween the base station and mobile stations
increases. The fluctuations may be presumably aldéferences in physical parameters, (e.g. input
power of the base station), in measurement protdeaj. position of the measurement antenna in
relation to the base station antenna and its nabr)] and in the type and characteristics of the
measurement site (e.g. Side lobe effects, attesuatnd obstacles like buildings, trees, ground
reflections etc).

Table 3: Electric field strength data from assessed bassdgver stations (BTS)
BTS 1 BTS 2 BTS 3 BTS 4 BTS 5 BTS 6 BTS 7 BTS 8

51 0.65 0.815 | 0.7132 | 0.5044 | 0.0771 | 0.3722 | 0.6629 0.341

10| 0.558 |0.879 | 0.6723 | 0.4736 | 0.2903 | 0.275 0.4984 0.324

15/ 0.671 |0.888 | 0.6165 | 0.4062 | 0.3167 | 0.2699 | 0.4597 0.4

20| 0.617 |0.768 | 0.8321 | 0.3821 | 0.1982 | 0.2233 | 0.4296 | 0.342

25|0.538 |0.962 |0.7215 | 0.4123 | 0.2746 | 0.3816 | 0.5722 0.256

30| 0.5 0.909 | 0.7746 | 0.8172 | 0.2384 | 0.3306 | 0.7448 0.243

35| 0.402 |0.926 |0.7122 | 0.5166 | 0.2046 | 0.2007 | 0.8644 0.321

40| 0.361 | 0.598 | 0.6448 | 0.3325 | 0.2209 | 0.2675 | 0.886 0421

45| 0.392 | 0.44 0.4125 | 0.4142 | 0.2573 | 0.2294 | 0.6509 0.403

Table 4. Magnetic field strength data from assessed bassdeiver stations (BTS)
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BTS 1 BTS 2 BTS 3 BTS 4 BTS 5 BTS6| BTS7| BTSS8

5|0.0017 | 0.0021 |0.0018 |0.0013 | 0.0002 |0.0009 | 0.0017 | 0.0009
10| 0.0014 | 0.0023 |0.0017 | 0.0012 | 0.0007 |0.0007 | 0.0013 | 0.0008
15| 0.0017 | 0.0023 | 0.0016 | 0.0010 | 0.0008 | 0.0007 | 0.0012 | 0.0010
20| 0.0016 | 0.0020 |0.0022 |0.0010 |0.0005 |0.0005 | 0.0011 | 0.0009
25| 0.0014 | 0.0025 |0.0019 |0.0010 |0.0007 |0.0010 | 0.0015 | 0.0006
30| 0.0013 | 0.0024 | 0.0020 | 0.0021 |0.0006 |0.0008 | 0.0019 | 0.0006
35| 0.0010 | 0.0024 |0.0018 |0.0013 |0.0005 |0.0005 | 0.0022 | 0.0008
40| 0.0009 | 0.0015 |0.0010 | 0.0008 | 0.0005 |0.0007 |0.0023 |0.0011
45| 0.0010 | 0.0011 | 0.0010 | 0.0010 | 0.0006 |0.0006 |0.0017 | 0.0010
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Figure 2: Electric field strength (V/m) versus distance for) GLOBACOM
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To validate previous results using the electric arafnetic field strength data in figures 2-7, the
EM radiation exposure ratio of each BTS is furtb@liculated using equation (8) and the results are
presented in table 5 and figures 9-10. The higa&stof 1.42 E-4 and 8.86E-5 were observed in
BTS 2, both which is less than 1. Therefore, tloanitly of each assessed BTS is in compliance with
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Figure 8: Magnetic field strength (A/m) versus distance tar)Airtel

the reference levels for general public since tRevilue is lower than 1.0.

Table5: EM Radiation Exposure ratio (ER) from the vari@ase transceiver stations (BTS)

Base

Transceive

r Station
(BTS) BTS 1 BTS 2 BTS 3 BTS 4 BTS 5 BTS 6 BTS 7 BTS 8
E-field ER| 3.48E-5| 1.42E-4| 7.34E-5| 2.69E-5| 5.50E-6| 7.73E-6| 4.57E-5| 8.77E-6
H-field ER | 1.61E-10 | 8.86E-10 | 4.48E-10 | 1.18E-10 | 6.68E-12 | 1.42E-11 | 3.81E-10 | 2.82E-11
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Figure 9: Estimated Electric field strength exposure ratimas the BTS
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Figure 10: Estimated Magnetic field strength exposure ratimss the BTS

CONCLUSION

The biological effects of EMF radiation exposure & much studied, albeit not thoroughly
mastered subject. Considering increased numberMi¥ Bources, the development of modern
systems for EMF monitoring became necessary, apf@ost for authorities in their efforts to timely
inform public on current level of EMF strength imlveronment and their surroundings.

In this paper, using in-situ measurement approtdeh,human exposure level to electromagnetic
fields radiated from the base stations in residéatieas with a broadband field meter. Results show
that level of electric and magnetic field strength in acceptable range and far below allowed limit
prescribed by the International Commission on Nonizing Radiation Protection and other
organization. To validate previous results using ¢hectric and magnetic field strength data, EM
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radiation exposure ratio (ER) of each BTS was addoulated and the highest ER of 1.42 E-4 5 and
8.86E-5 were recorded in BTS 2, both which is tss 1, both which are less than 1. Therefore,
the vicinity of each assessed BTS is in compliamitie the reference levels for general public since
the ER value is lower than 1.0.

REFERENCES

[1]. Ekata, Gand Kostanic, 1.2@14) Model for Monitoring GSM Base Station Radiatioaf&y
inNigeria, International. Journal of EngineeringsBarch and Applications, Vol. 4, Issue 10, pp.97-
104.

[2]. NASA. (2010). Electromagnetic Spectrum - Introduction. Accds#gril 1, 2015 from
http://imagine.gsfc.nasa.gov/docs/science/known&feectrum.html

[3]. Health Canada2010). Limits of Human Exposure to Radiofrequency Hiectagnetic Energy

in the Frequency Range from 3 kHz to 300 GHz: Safxde 6. abstract, Accessed April 1, 2015

from http://mww.hc-sc.gc.ca/ewhsemt/pubs/radiatiadib_guide-lignes_direct-eng.php
[4]. Bergqvist U, Friedrich G, Hamnerius Y, Mobilelecommunication base stations — exposure to
electromagnetic fields, Report COST 244b is, 2001

[5]. ECC Recommendation (02)04 revised, Measuriag-ionizing electromagnetic radiation (9
kHz-300 GHz), Official Journaf003.

[6]. Byung C. K. 2009) Two Different Techniques for Evaluating Electraggnatic Fields Radiated
from Radio Base Stations in Korea, EMC’09/Kyoto, pp 497-500.
[7]. ICNIRP Guidelines, Guidelines for Limiting E&pure to time-varying Electric, Magnetic, and
Electromagnetic fields (up to 300 GHz), Health Rt¢gisVolume 74 (4)1998.

[8]. Mousa,a 2011) Electromagnetic Radiation Measurement and Sasstyes of some Cellular
Base Stations in Nalus, Journal of Engineeringri@geand Technology Review, Vol. 4, issue 1, pp.
35-42.

[9]. CC/REC/(02)04:Measuring Non-ionizing Electromagnetic radiation KBlz — 300 GHz)
Electronic Communications Committee (ECC) withire tEuropean Conference of Postal and
Telecommunications Administrations (CEPT), Recomdag¢ion adopted by the Working Group
"Frequency Management" (FM). Data Analysis Revis& Recommendation, (02) 04

[10]. ITU-T (2011) Monitoring Field Strengths of Electromagneticl8s& Recommendation ITU-T
K.83.

Authors Biogr aphy

Dr. Joseph I sabona is a Senior lecturer in the Department of Phydtegieral University, Lokoja,
Nigeria He received Ph.D and M.Sc. degrees in Physics réldcs, 2013 and 2007 from the
University of Benin and Uyo respectively, and a &i8 Physics in 2003, from Ambrose Alli
University, Ekpoma, Edo State. He has publishetl bationally and internationally in the area of
wireless communications. His area of interestgeaal processing and radio resource management
in wireless networks. My mails are: jisabona@biu.ed, josabona@yahoo.com and
josabone @yahoo.com.

.| [tuabhor Odesanya is an assistant lecturer in the Department of ieByEederal University,

1 Lokoja, K o gi State, Nigeria. She obtained Be3c in Applied Physics from Ambrose Al

' | University, Ekpom and h er M.Sc in Physics Eledirerfrom the University of Benin, Edo State,
Nigeria.She ie currently a PhD research studetitarDepartment of Physics, University of Benin.

,- Her area of in terest is in Neural Network Applioas and Telecommunications.

| e-mail; odesanyaituah@yahoo.com

40



