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Abstract. The public concern about the potential adverse health effects of the human exposure to the electromagnetic 

radiation of GSM (Global Standart for Mobile Communications) base stations has grown in the recent years. The 

increasing number of cellular telephony subscribers has led to an expansion of networks, with the installation of more 

base stations. This investigation aimed to provide information for the distribution of EMF (electromagnetic field) 

power density created from antenna at the university area in the Lithuania. We carried out measurements in particular 

periods of time a day in five of the investigation areas. The results are discussed, regarding both the obtained values 

and the factors that influence the measurements. The measured values were well below the maximum permissible 

exposure levels in the adopted HN 81:2005 in our country. 
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1. Introduction 

 

In Europe, the use of commercial land based cellular 

mobile telephony has increased dramatically since the first 

services appeared in the beginning of the 1980’s, espe-

cially with the introduction of the digital GSM 900/1800 

systems in the 1990’s. This increased use of mobile phones 

has led to an increased deployment of base stations and 

antennas (Cicchetti et al. 2003). 

We have been surrounded by electromagnetic 

emissions, noise and other kind of physical pollution since 

our birth and this covers all spheres of human activities 

(Baltrėnas and Buckus 2009). The impact of electromagnetic 

emissions on human health have received bigger attention in 

the seventies when an increasing number of electromagnetic 

equipment was started to be used in work places (Baltrėnas 

and Buckus 2008). 

As a reaction to this development, public debates and, 

in several situations, concerns and worries about the possi-

bility of adverse health consequences due to exposure to 

radiofrequency fields from mobile telephony components 

have also increased. Although the intensity and focus of 

this discussion differs substantially between European 

countries, the discussion is, in many countries, concen-

trated on the exposure found in the vicinity of base station 

antennas. In some countries, this has led to demands for 

“mobile phone free zones”, where no base stations should 

be permitted, and also to requests for reduced exposure 

limits or other precautionary approaches. 

The focus of risk perception among some parts of 

the public towards base station antenna rather than mo-

bile phones is somewhat contrary to a technical based risk 

assessment – since the use of handsets entails substan-

tially higher exposure levels than the public receives from 

base stations. It can, however, be explained by several 

factors that are known to enhance the perception of risk: 

such as lack of control by the individual, lack of received 

benefit and high media attention (Bergqvist et al. 2001). 

The mobile phone system works as a network con-

taining base stations (Hrvoje 2003). Within each cell, a 

base station (with an antenna) can link with a number of 

handsets (mobile phones). The mobile phones and the base 

stations communicate with each other, sharing a number of 

operation frequencies. Other transmission links connect 

this base station with switches connecting to base stations 

in other cells, or with switches connected to conventional 

phones. The cell exists in order to permit re-use of fre-

quencies – the same frequency can be used in different 

cells (Bergqvist et al. 2001). The links (uplink from hand-

set to base station, downlink from base station to handset) 

employ high frequency electromagnetic fields (Faraone et 

al. 2000).  

The outdoor base station antennas may be mounted 

on the roof or walls of buildings or on free standing masts. 

The size of the cells may vary, from several kilometres (in 

rural areas with low traffic density) down to some 10-100 

meters (in high traffic density areas in cities). Small indoor 

cells occur, using either normal mobile telephone systems 

such as GSM, or systems for cordless telephony.  
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In order to increase the capacity, digital systems 

such as the GSM 900 and GSM 1800 were introduced in 

1992 and 1993, respectively. In these systems, several 

users can use the same frequency. The typical power 

emitted from outdoor antennas is between 5 and 10 W per 

channel (Bergqvist et al. 2001). 

 

2. Description of the mobile telephone system 

 

The GSM 900 system has been allotted two fre-

quency bands, 890-915 MHz for the uplink (mobile 

phone to base station) and 935-960 MHz for the 

downlink (base station to phone). The downlink of a par-

ticular channel is 45 MHz higher than the uplink (duplex 

operation) (Bergqvist et al. 2001). The GSM 1800 system 

uses bands of 1710-1785 and 1805-1880 MHz, respec-

tively. (The 1
st
 generation (analog) systems use frequency 

bands around 450 and 900 MHz, while the coming 

UMTS is allocated bands of 1900-2025 and 2110-2200 

MHz. Emissions from these systems are not included in 

this evaluation, however) (Cicchetti and Faraone 2004). 

In the GSM systems, each link is allocated a band-

width of 200 kHz (0.2 MHz). Thus, the allocated spec-

trum could theoretically encompass 124 (GSM 900) or 

374 (GSM 1800) different channels (pairs of links). 

However, the need to have a few cell’s separation be-

tween re-use of the same frequency, and the fact that a 

single operator is usually only allocated a part of the fre-

quency band, limit the number of possible channels to be 

used in each cell, and thus also the total emitted power 

(Olivier and Martens 2005).  

One channel (the control channel) from each base 

station is always transmitting with essentially a constant 

power, regardless of the traffic intensity. Other channels 

(traffic channels) do only send when the traffic requires, 

and may also use a power regulation system. Accord-

ingly, the emitted power from a base station may vary 

over the day and week from a minimal power of e.g. 10 

W during times with low to modest traffic, to perhaps up 

to 5 times that level at peak traffic (if there are four traffic 

channels in addition to the control channel) (Poljak and 

Kovac 2004). 

From a GSM base station with more than one chan-

nel, there are thus a variety of reasons for variations in the 

transmitted power at any given time: how many channels 

are in use, how many of the time slots in the traffic chan-

nels are used, and whether DTX is used or not. Any at-

tempt to characterise the exposure around a base station 

should take this traffic-dependent time-variation into ac-

count. Information from the operator of the base station on 

traffic statistics could provide a basis on how this should 

be done. Options could include sampling (for average 

situation) and choosing a probable maximum traffic time 

(for worst case situation) (Miclaus and Bechet 2007).  

An antenna does generally have some directionality. 

Omni antennas radiate in every direction, while sector an-

tennas effectively only radiate in a (horizontal) sector. This 

will permit increased re-use of frequencies, as it will re-

duce interference – accordingly, most base stations in high 

traffic density areas such as cities are of the sector type. 

The preferred sector antenna gain is between 10 and 20 dBi 

– this means that the emitted power may be between 10–

100 times stronger in the intended directions compared to 

an omni antenna, while it will be correspondingly weaker 

in other directions (Bergqvist et al. 2001). For example, the 

exposure behind a sector antenna could be 300 times 

weaker than in the main lobe. In addition to this horizontal 

directionality, the antenna lobe will also have a strong ver-

tical directionality, with a fairly narrow beam, which is 

often tilted slightly downward (Wojcik et al. 2005). 

At a sufficient distance from the antenna (of at least 

10-15 meters) the EMF exposure levels can be character-

ized by the power density in W/m
2
. In the main lobe, and 

disregarding attenuation by other objects (“free space”), 

this power density will decrease with the square of the dis-

tance. On the ground, however, this distance variation will 

be more complex, as the highest level will be found at a 

distance from the antenna where the main lobe reaches the 

ground. Closer to the antenna, the ground level will be 

substantially lower than in the main lobe. Due to the exis-

tence of side lobes, the actual variation with distance could 

be rather complicated. Similarly complicated variations 

can also be found indoors (Bergqvist et al. 2001).  

 

3. Object and methods of research 

 

The portable measurement system that we used was 

the Meter NBM-550 with its isotropic E-Field probe, in a 

range 100 kHz – 3 GHz. It makes extremely accurate 

measurements of nonionizing radiation. Equipped with 

probe for measuring electric and magnetic field strengths, 

it covers all frequencies from long wave up to microwave 

radiation. Flat frequency response probes as well as so-

called shaped probes that evaluate the field strength on 

the basis of a human safety standard are available. These 

probes are calibrated separately from the field meter, and 

include a non-volatile memory that contains the probe 

parameters and calibration data. 

Measurements were performed indoors at distances of 

0.5 m from the closest window in the first, second, third 

and fourth floor’s. And at distances of 0.5 m from the clos-

est wall in the ground floor, because of that there is no win-

dows. The height of measurements point were 0.5m, 1.0 m 

and 1.7 m. Duration of measurements of power density in 

every floor is 1 hour. 

 

 

Fig 1. Schema of measurements power density 

 

The Fig. 1 shows the buildings in the environment of 

a roof top mounted antenna and the distribution of the 

field strength radiated by this antenna. 
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Data of this antenna: emission frequency is 900 MHz, 

power – 20 W, direction – 290°, electrical inclination 7/7/4°, 

mechanical inclination 0°, the gain is 16,5 dBi, total length 

of antenna is 2.7, the height from the ground is 30 m. 

Variations in the distance from antenna have – in 

principle – a strong influence on the signal strength, which 

however also depends on the directionality of the antenna 

beam. When a measuring site is in the main beam, and 

neglecting interference from other objects, the signal 

strength is expected to decline with the square of the dis-

tance. Outside of the main beam, the signal strength is 

greatly reduced, and the variations with distance may be-

come more complicated. At ground level very close to 

antenna on a mast, the exposure level will be very low, but 

may often increase gradually with distance in the direction 

of the main lobe because various side lobes from the an-

tenna will be encountered. At a certain distance of e.g. be-

tween 50 and 300 m, the main lobe will be entered, after 

which a 1/r
2
 decrease may occur.  

When measuring the field emitted by antenna in a 

real environment, large variations may be observed in the 

resulting exposure levels even within small variations in 

distance (e.g. within a meter). This is due to the existence 

of various propagation paths (reflections, diffractions and 

line of sight propagation). The resulting variations, which 

in principle are due to the presence of other objects 

(houses etc.) can be described by fast fading and shadow-

ing (Bergqvist et al. 2001). 

This distribution also indicates that a single meas-

urement might not be representative for the exposure sce-

nario. The precise experimental determination of power 

density indoor on complex and dynamic environment is a 

difficult task. This is mainly due to reflection, absorption 

and interference of electromagnetic waves. Different 

measurements can lead to quite different results due to 

changing of conditions (Bergqvist et al. 2001).  

 

4. Electromagnetic field assessment in the rooms 

 

The fast fading characterises quickly changing varia-

tions from the mean value of the power density, brought 

about by summation of contribution of field strengths hav-

ing different propagation paths from the source, and as a 

consequence may have different magnitude, polarisation 

and phase. As a result, the sum of all these contributions 

would show large variations. Such multipath fading effects 

may lead to variations of about ±3 dB in measurements in 

the GSM frequency bands within small areas (Bergqvist et 

al. 2001). The shadowing effects characterise the blocking 

of the propagation by various objects such as windows, 

walls etc. As one important example, lower levels are gen-

erally found indoors compared to outdoors, depending on 

the wall material, closeness to windows etc.  

In Figure 2 are presented results of measurements of 

power density, average values over 1 hour. Presented 

measurements are done at 9:30 indoors. Measurements 

were performed at a height of 1.70 m from the floor and 

at a distance of 0.5 m to the closest wall in front of an-

tenna without usage of few mobile phones. Power density 

was in the range 0 µW m − to 1.99 µW/cm². The maxi-

mum power density measured was 1.99 µW/cm² at 33 

minute and the exposure levels were well below the lim-

its. The minimum power density measured was 0 µW/cm² 

at 7 measurements places. The average power density 

was 0.57 µW/cm². 
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Fig 2. Distribution of power density values in the ground floor over 1 hour 
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Fig 3. Distribution of power density values in the first floor over 1 hour 
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Fig 4. Distribution of power density values in the second floor over 1 hour 

 

In Figure 3 are presented results of measurements of 

power density, average values over 1 hour. Presented 

measurements are done at 10:30 indoors. Measurements 

were performed at a height of 1.70 m from the floor and 

at a distance of 0.5 m to the closest window in front of 

antenna without usage of few mobile phones. Power den-

sity was in the range 1.00 µW m − to 1.25 µW/cm². The 

maximum power density measured was 1.25 µW/cm² and 

the exposure levels were well below the limits. The 

minimum power density measured was 1.25 µW/cm². 

The average power density was 1.15 µW/cm². 

In Figure 4 are presented results of measurements of 

power density, average values over 1 hour. Presented 

measurements are done at 11:30 indoors. Measurements 

were performed at a height of 1.70 m from the floor and 

at a distance of 0.5 m to the closest window in front of 

antenna without usage of few mobile phones. Power den-

sity was in the range 1.00 µW m − to 1.31 µW/cm². The 

maximum power density measured was 1.31 µW/cm² and 

the exposure levels were well below the limits. The 

minimum power density measured was 1.00 µW/cm² at. 

The average power density was 1.18 µW/cm². 
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Fig 5. Distribution of power density values in the third floor over 1 hour 

              -  reference level 
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Fig 6. Distribution of power density values in the fourth floor over 1 hour 

              -  reference level 

 

In Figure 5 are presented results of measurements of 

power density, average values over 1 hour. Presented 

measurements are done at 12:30 indoors. Measurements 

were performed at a height of 1.70 m from the floor and 

at a distance of 0.5 m to the closest window in front of 

antenna without usage of few mobile phones. Power den-

sity was in the range 0.00 µW/cm² − to 5.23 µW/cm². 

The maximum power density measured was 5.23 µW/cm² 

and the exposure levels were well below the limits. The 

minimum power density measured was 0.00 µW/cm². 

The average power density was 2.12 µW/cm². 

In Figure 6 are presented results of measurements of 

power density, average values over 1 hour. Presented 

measurements are done at 13:30 indoors. Measurements 
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were performed at a height of 1.70 m from the floor and 

at a distance of 0.5 m to the closest window in front of 

antenna without usage of few mobile phones. Power den-

sity was in the range 3.32 µW/cm² − to 9.03 µW/cm². 

The maximum power density measured was 9.03µW/cm² 

and the exposure levels were below the limits. The mini-

mum power density measured was 3.32 µW/cm². The 

average power density was 5.87 µW/cm². The precise 

experimental determination of power density of antenna 

in a complex environment is a difficult task. 

 

5. Conclusion 

 

1. Variations of power density mainly depends on the 

directionality of the antenna beam, also depends on ne-

glecting interference from other objects.  

2. The precise experimental determination of power den-

sity indoor is a difficult task due to reflection, absorp-

tion and interference of electromagnetic waves.  

3. During measurement indoor the maximum power den-

sity levels from antenna, never exceeded the reference 

level 10 µW/cm² stipulated in the HN 81:2005 guide-

lines that are in act in our country. Power density was 

in the range 0 µW/cm² − to 9.03 µW/cm² 

4. Because of shadowing effects the average power den-

sity in the ground floor is 5 time weaker than in the 

fourth floor. 
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