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Abstract. As the network of cellular mobile phones has recently expanded and in particular after the digital GSM
900/1800/2100 systems have been introduced, the potential effect on human health of electromagnetic radiation from the
base stations of these systems has become of great concern to European countries. There have been requests made in some
countries for areas free from mobile phones in which installation of base stations would not be permitted and for consider-
able reduction of the maximum authorised exposure or other restrictions. The European Commission’s Recommendation
adopted on 12 July 1999 requires that the maximum field strength for electromagnetic radiation (0-300 GHz) is estab-
lished and that information about population’s exposure to EMF and the measures taken to reduce it is provided. The arti-
cle presents and analyses EMFs produced by mobile communication antennas in a residential area. Measurements of the
electric strength, magnetic strength and EMF power density were performed and compared to the established hygiene
norms. Tests were conducted in the near- and far-field of the antenna, on residential premises located directly in front of
the antenna within its main radiation lobe. In addition, there were performed measurements of electromagnetic fields pro-

duced by mobile communication in rural areas.

Keywords: electric field strength, magnetic field strength, EMF power density, mobile communication antenna.

1. Introduction

In recent decades the questions of electromagnetic field
measurement and evaluation, the compliance of EMF
intensity parameters with hygiene norms, and the setting
of sanitary and limit construction zones have become of
paramount importance worldwide (Alanko et al. 2008).

EMF intensity parameters are measured for a diver-
sity of reasons;

a) radio engineering installations are measured in
order to evaluate electromagnetic fields produced by
them. Such measurements are done in accordance with
hygiene norms, standards or other regulatory documents;

b) EMF measurements are carried out to the orders
of the general public, authorities or suppliers. The meas-
urements are conducted in a particular place (for exam-
ple, in a room, balcony, playground, etc) by identifying
EMF sources;

c) comparative measurements of electromagnetic
fields. EMFs produced by a radio engineering facility in
one location are compared against those in another one;

d) scientific EMF studies. These are long-term moni-
toring measurements covering measurement places that are
most frequented by people and the obtained data are used
for epidemiological studies (Bergqgvist et al. 2001).

In performing field measurements of EMFs, the key
task is to appropriately identify measurement places
(Miclaus, Bechet 2007). An important stage is to evaluate

where the values of EMF intensity parameters will be the
highest (Baltrénas, Buckus 2011). This can be done using
orthophotos, various maps, modelling programs or by
measuring the areas concerned with EMF meters and
identifying and selecting zones with the highest electro-
magnetic field values (Baltrénas et al. 2011).
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Fig. 1. Electromagnetic field measurement chart (view from the
top)

The potential measurement locality should be open
with the antenna of a radio engineering installation being
in immediate visibility (Alanko, Hietainen 2007).

Once the main EMF measurement point has been se-
lected, another four points in close proximity to the main
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one need to be identified. As Fig. 1 shows, the main point
should represent the highest EMF values, whereas the
others — lower values than the main point. In practical
measurements such a symmetrical measurement chart is
difficult to realise (Dolan, Rowley 2009).
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Fig. 2. Electromagnetic field measurement chart (lateral view)

In order to correctly evaluate the electromagnetic
field, measurements are to be taken at a height of around
1.1, 1.5 and 1.7 m above the ground (Fig. 2). It is recom-
mended that measurements should be made in at least
three points, but this number may increase up to six de-
pending on the locality and accuracy. The arithmetic
mean of these measurements is considered to be the result
(Bernardi et al. 2000). The result of EMF field measure-
ments depends on the distance to a radio engineering
source (Baltrénas, Buckus 2009). With the distance from
EMF source increasing the EMF is described by three
fields (Fig. 3).
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Fig. 3. Illustration of three zones: reactive near field, radiative
near field and (radiative) far field, and its consequences for expo-
sure assessments. D = largest dimension of source. A = wave-
length (17 cm for 1800 MHz). SAR = Specific Absorption Rate

In the close vicinity of antenna, measurements are
more difficult because of the so-called near field condi-
tions. In the radiative near field, the relationships between
the electric and the magnetic fields are much more com-
plex, and separate evaluation of them should be per-
formed. Measuring the electric fields and using the far-
field assumptions (above) in this zone would often lead to
overestimating the exposure. Calculations by the NRPB
has indicated that using the far-field approximation

(above) at e.g. 10 m from a large base station antenna
would overestimate the exposure by a few percent, while
at 1 m the overestimate would be some 10-20 times
(Bergquvist et al. 2001).

Propagation of electromagnetic fields is largely de-
pendent on the dimensions of a radio engineering installa-
tion (antenna) and wavelength (Olivier, Martens 2005). For
example, the far-field for elementary antennas starts at
distances equal to wavelength parts, whereas for large
sharp-directional antennas — only at distances equalling
thousands of wavelengths (Mangoud et al. 2000). It is not
difficult to describe electromagnetic wave propagation
within the far-field, but the near-field is characteristic of a
complicated wave composition and therefore interactions
of electromagnetic waves and biological systems are com-
plicated in this field both theoretically and experimentally
(Damian, Fosalau 2011). Theoretically, field distribution
can be calculated using parameter L, = 2D?/), where D —
dimensions of antenna’s active (radiating) part, and A—
wavelength (17 cm). L, denotes the transitional field range.
For example parameter L, for 1.5 m high antenna emitting
electromagnetic waves of 1.8 GHz wavelength is 26 m.
Thus, distances below 26 m are governed by the near-field
conditions, while longer ones — by the far-field conditions.
In the near-field the strength of electric field and the
strength of magnetic field are not perpendicular to each
other and it is difficult to relate them with a propagating
electromagnetic wave (Akbal et al. 2012). With proximity
to the source these fields become less similar to a propagat-
ing wave, and they are often referred to as reactive fields or
vanishing modes. In the near-area, fields change very fast
with distance (Lin 2002).

In the far-field it is enough to measure the strength
of either an electric or magnetic field only and calculate
the EMF power density according to formulas S = E¥/377
or S = 377 H? where E is the electric field in V/m, H is
the magnetic field in A/m and P is the power density in
W/m?. In the far-field where the electromagnetic field has
taken the shape of a wave, the dependence on simultane-
ous process occurring in the antenna does not exist any
longer (Cicchetti et al. 2003).

In order to identify EML propagation limits and ad-
justment areas in a specific locality, it is necessary to
appropriately select the main parameters of antenna spa-
tial distribution: height of the antenna’s geometric centre,
direction of the most intensive radiation (azimuth) and
the required downtilting of directional pattern on the
vertical and horizontal plane. However, evaluation of the
main components of the physical environment (relief,
buildings, etc.) restricting electromagnetic radiation prop-
agation is problematic. Furthermore, it is difficult to es-
timate EMF values on building facades and calculate the
total propagation values of several antennas (Poljak, Ko-
vac 2004).

For the purpose of identifying and adjusting EMF
propagation limits antennas are being designed of the
structure that allows for electrical and mechanical down-
tilting of their directional pattern on the vertical and hori-
zontal plane, thus addressing EMF identification pro-
blems.
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Distribution of electromagnetic fields produced by
antennas highly depends on the electric and mechanical
downtilting angles of antenna’s directional pattern. Ap-
propriately selected antenna’s directional patterns on the
vertical and horizontal plane at different angles of electric
downtilting ensure that the measured values of EMF in-
tensity generated by a real antenna at any point in space
will not exceed the design values and will meet the re-
quirements of hygiene norms regulating sources of non-
ionizing radiation. Disregard of antenna’s electric and
mechanical downtilting angles would lead to inaccuracies
in EMF propagation limits (Pocius 2005).

When expanding and adjusting propagation limits

the mobile cellular network developer uses standard di-
rectional patterns presented in catalogues and in the elec-
tronic format. All methodologies used to determine EMF
propagation limits and adjustment areas for antenna in-
stallations in the environment are based on the worst-case
scenarios; for example, precaution limits are used due to
the variations in antenna directional patterns, potential
changes in the properties of the ground surface caused by
climatic conditions, etc. (Loughran et al. 2005).
Where it is determined that the permissible level of EMF
intensity parameters has been exceeded, the operator
must promptly discontinue operating the radio engineer-
ing installation or reduce the level of EMF intensity to the
set values (Santini et al. 2003).

Measurements also require to have in place proce-
dures for calculating uncertainties of results by assessing
the instrument’s class of accuracy, isotropicity, linearity,
ambient temperature and relative humidity, the effect of
human body, etc. (Henderson, Bangay 2006).

Aim of the work: to evaluate the levels of intensity
parameters of electromagnetic fields produced by mobile
communication antennas in the environment.

2. Methods

Characterisation of the parameters of electromagnetic
radiation from mobile communication in the near-field of
the antenna covers measurements of electric and magnet-
ic strengths. It the far-field the EMF power density is
measured. We evaluated measurement’s points by meas-
uring the areas concerned with EMF meter and presented
zones with the highest electromagnetic field values. The
influence of the other base stations in the vicinity is very
small (about 1%), so they are not defined.

Tests on the mobile communication antenna’s electric
field strength and magnetic field strength were carried out
in Seskinés street 2 street where mobile communication
antenna KATHREIN 80010292 is mounted on the roof.
Antenna’s coordinates: 54° 42' 45.78"N and 25° 15' 0.56"E
(WGS coordinate system). The antenna is directed north-
west. Antenna’s operating frequency is 806-960/1710-
2180/1710-2180 MHz, effective radiated power (ERP
takes into consideration transmitter power output, trans-
mission line attenuation, RF connector insertion losses, and
antenna’s directivity) is 350 W, coverage area on the hori-
zontal plane — 65°/65°/65°, coverage area on the vertical
plane — 7.5°/7.6°/6.8°, mechanical downtilt— 0/°0°/0°,
electric downtilt - 2°-10°/0°-10°/0°-10°, gain -

17.5/17.5/17 dBi. The antenna sits on a 12 m high building,
itis 2.6 m long and its pole is 2.0 m high.

Measurements were performed atop the roof in front
of the mobile communication antenna according to the
chart given in Figure 4.

Fig. 4. Measurement chart of mobile communication antenna’s
electric strength and magnetic strength atop the roof

Measurement point 1 is at 1 m distance, measurement
point 2 — at 5 m distance, measurement point 3 — at 10 m
distance, measurement point 4 — at 15 m distance, meas-
urement point 5 — at 20 m distance, measurement point 6 —
at 25 m distance, 7 measurement point — at 30 m distance
from the antenna’s vertical axis. All measurement points
are identical, only a distance to the antenna differs. Tests
were carried out at a height of 1.5 m above the building
roof on which the antenna is mounted. The arithmetic
mean of 3 values is deemed to be the measurement result.
The duration of one measurement is 6 minutes.

Ground measurements of the EMF power density
were conducted in front of the mobile communication
antenna KATHREIN 80010292 (antenna’s technical pa-
rameters and address are the same) in accordance with the
chart presented in Figs. 5 and 6. Antenna’s coordinates:
54° 42' 45.78"N and 25° 15' 0.56"E (WGS coordinate
system). Electromagnetic radiation measurement points:
1 — beside the building, azimuth 330° (measurement point
is outside antenna’s direct visibility area), distance of
30 m; 2 — in the middle of the road within antenna’s di-
rect visibility, azimuth 330°, distance of 40 m; 3 — on the
edge of the road within antenna’s direct visibility, azi-
muth 330°, distance of 50 m; 4 — on the road (uphill)
within antenna’s direct visibility, azimuth 330°, distance
of 60 m; 5 — on a hill in the meadow, within antenna’s
direct visibility, azimuth 330°, distance of 70 m; 6 — in
the meadow (downhill), within antenna’s direct visibility,
azimuth 330°, distance of 80 m; 7 — on the sidewalk,
within antenna’s direct visibility, azimuth 330°, distance


http://en.wikipedia.org/wiki/Transmitter_power_output
http://en.wikipedia.org/wiki/Attenuation
http://en.wikipedia.org/wiki/RF_connector
http://en.wikipedia.org/wiki/Insertion_loss
http://en.wikipedia.org/wiki/Directional_antenna

276 P. Baltrénas et al. Research and evaluation of the intensity parameters of electromagnetic fields produced by mobile ...

of 90 m; 8 — in the middle of asphalt-paved road, within
antenna’s direct visibility, azimuth 330°, distance of
100 m. Another two points were selected: point 1 — at
40 m distance, and point 2 — 70 m distance and the EMF
power density at these points was measured throughout
24 hours a day (at 1 h interval). The tests were performed
at a height of 1.5 m above the ground. The arithmetic
mean of 3 values is considered as the measurement result.

The duration of one measurement is 6 minutes.

Fig. 5. Mobile communication antenna EMF power density

measurement chart on the ground in the area of antenna’s direct
visibility

Antenna
Main lobe of radiation

Side lobe of radiation

- Shadowing

Fig. 6. Mobile communication antenna EMF power density
distribution on the ground according to vertical radiation

EMF power density measurements on the roof in
front of mobile communication antenna KATHREIN
80010292 (54° 40' 24.81"N and 25° 16' 38.25"E) were
performed in Kauno street 5 according to the chart given in
Fig. 7. Antenna’s operating frequency is 806-960/1710-
2180/1710-2180 MHz, effective radiated power is 525 W,
coverage area on the horizontal plane — 65°/65°/65°, cov-
erage area on the vertical plane — 7.5°/7.6°/6.8°, mechani-
cal downtilt 0/°0°/0°, electric downtilt 2°-10°/0°-10°/0°-
10°, and gain 17.5/17.5/17 dBi. The antenna is mounted on
a 20 m high building and is 2.6 m long with the pole height
of 1.0 m. All electromagnetic radiation measurement
points are on the building roof: 1 — azimuth 320°, distance
of 35 m; 2 — azimuth 335°, distance of 40 m; 3 — azimuth
335°, distance of 45 m; 4 - azimuth 340°, distance of
50 m; 5 — azimuth 340°, distance of 55 m; 6 — azimuth
340°, distance of 60 m; 7 — azimuth 340°, distance of

65 m; 8 — azimuth 340°, distance of 70 m. All points are
within antenna’s direct visibility area. The arithmetic mean
of 3 values is deemed to be the test result. The duration of
one measurement is 6 minutes.

P o, ~ ANTENNA EATHREDN 80010292 4
R 2 )
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Fig. 7. Mobile communication antenna EMF power density
measurement chart on the roof within antenna’s direct visibility
area

B ANTENNA KATHREIN 80010292
[

Fig. 8. Mobile communication antenna EMF power density
measurement chart on residential premises within antenna’s
direct visibility area
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Fig. 9. Mobile communication antenna EMF power density
distribution in residential area according to vertical radiation

According to the measurement chart given in Figs. 8
and 9 the EMF power density was measured for a 10-
storey building (Rugiy street 4) with mobile communica-
tion antenna KATHREIN 80010292 built in front of the
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building. Antenna’s operating frequency is 806—
960/1710-2180/1710-2180 MHz, effective radiated pow-
er is 175 W, coverage area on the horizontal plane —
65°/65°/65°, coverage area on the vertical place -
7.5°/7.6°/6.8°, mechanical downtilting is 0/°0°/0°, elec-
tric downtilting is 2°-10°/0°-10°/0°-10°, and gain—
17.5/17.5/17 dBi. The antenna is mounted on a 10 m high
building. Antenna’s pole is 8 m high, and the antenna is
2 m long. Electromagnetic radiation measurement points
(height above the ground in balcony): point 1 on floor 1 -
1.5 high, point 2 on floor 2 — 4.5 m high, point 3 on floor
3 — 7.5 m high, point 4 on floor 4 — 10.5 m high, point 5
on floor 5 — 13.5 m high, point 6 on floor 6 — 16.5m
high, point 7 on floor 7 — 19.5 m high, point 8 on floor
8 — 22.5 m high, point 9 on floor 9 — 25.5 m high, point
10 on floor 10 — 28.5 m high. The azimuth of all meas-
urement points is 270°, coordinates 54° 44' 31.15"N and
25° 16' 15.56"E. The height of the building is 30 m. The
distance between the building and antenna is 35 m. Also
measurements were performed at a height of 0.5 m, 1 m
and 1.7 m above the floor in the middle of the every room
and at a height of 0.5 m, 1 m and 1.7 m above the floor in
front of window (the distance between window and
measuring point — 1 m). The arithmetic mean of 3 values
is considered as the test result. The duration of one meas-
urement is 6 minutes.

Fig. 10. Mobile communication antenna EMF power density
measurement chart in rural area

According to the chart in Figs. 10 and 11 EMF pow-
er density measurements were performed in LavoriSkés
(rural area) with 4 mobile communication antennas,
POWERWAVE 7228.04, built in the middle of the field
(Fig. 8). The antennas are directed northward, eastward,
westward and southward. Antenna operating frequency is
870-960 MHz, effective radiated power — 660 W, cover-
age area on the horizontal plane — 65°/65°/65°65°, cover-
age area on the vertical plane — 6.5°/6.5°/6.5°6.5°, me-
chanical downtilting — 0/0/4/1° electrical downtilting —
0/0/0/0°, and gain — 18/15.9 dBi. The antenna pole is
70 m high, and the antenna is 2.6 m long.

Antena

Fig. 11. EMF power density measurement chart for mobile
communication antennas POWERWAVE

Electromagnetic radiation measurement points at
50 m distance: meadow, azimuth 0°; meadow, azimuth
30°; meadow, azimuth 60°; meadow, azimuth 90°; beside
the building, azimuth 120°; under the trees, azimuth 150°;
road, azimuth 180°; meadow, azimuth 210°; meadow,
azimuth 240°; meadow, azimuth 270°; road, azimuth
300°; meadow, azimuth 330°. Electromagnetic radiation
measurement points at 100 m distance: meadow, azimuth
0°; meadow, azimuth 30°; meadow, azimuth 60°; mead-
ow, azimuth 90°; beside the outhouse, azimuth 120°;
yard, azimuth 150°; road, azimuth 180°; meadow, azi-
muth 210°; meadow, azimuth 240°; meadow, azimuth
270°; meadow, azimuth 300°; meadow, azimuth 330°.
Electromagnetic radiation measurement points at 200 m
distance: meadow, azimuth 0°; meadow, azimuth 30°;
meadow, azimuth 60°; meadow, azimuth 90°; under the
tree, azimuth 120°; beside the building, azimuth 150°;
meadow, azimuth 180°; beside the outhouse, azimuth
210°; meadow, azimuth 240°; meadow, azimuth 270°;
meadow, azimuth 300°; meadow, azimuth 330°. Electro-
magnetic radiation measurement points at 300 m dis-
tance: meadow, azimuth 0°; meadow, azimuth 30°;
meadow, azimuth 60°; forest, azimuth 90°; forest, azi-
muth 120°; by the outhouse, azimuth 150°; road, azimuth
180°; garden, azimuth 210°; meadow, azimuth 240°;
meadow, azimuth 270°; meadow, azimuth 300°; meadow,
azimuth 330°. Electromagnetic radiation measurement
points at 400 m distance: meadow , azimuth 0°; meadow,
azimuth 30°; forest, azimuth 60°; forest, azimuth 90°;
forest, azimuth 120°; meadow, azimuth 150°; garden,
azimuth 180°; meadow, azimuth 210°; garden, azimuth
240°; meadow, azimuth 270°; by the house, azimuth
300°; by the outhouse, azimuth 330°. Electromagnetic
radiation measurement points at 500 m distance: mead-
ow, azimuth 0°; meadow, azimuth 30°; forest, azimuth
60°; forest, azimuth 90°; meadow, azimuth 120°; road,
azimuth 150°; meadow, azimuth 180°; meadow, azimuth
210°; garden, azimuth 240°; meadow, azimuth 270°;
road, azimuth 300°; meadow, azimuth 330°. Antennas are
outside direct visibility in forests and under the trees. The
arithmetic mean of 3 values is considered as the test re-
sult. The duration of one measurement is 6 minutes.

Antenna effectively only radiate in a sector, see in
Figs. 12, 13 and 14.
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Fig. 14. Horizontal and vertical radiation distribution for 1920-
2180 MHz

The tests were carried out with NBM-550 Broadband
Field Meter with Probe EF 0392 (E-field, flat) (Fig. 15). It
is one of the most accurate measuring instruments for non-
ionising radiation. The operating frequency range
(100 kHz — 3000 MHz) of NBM Broadband Field Meter
with Probe EF 0392, coincides with the operating range of
hazardous radiation sources, i.e. mobile communication
base stations, antennas and mobile phones.

Fig. 15. NBM-550 Broadband Field Meter with isotropic probe

NBM Broadband Field Meter with isotropic probe
specification: electric field intensity is measured from
0.01 V/m, magnetic field strength is measured from
0.01 mA/m, EMF power density is measured from
0.001 mW/m? or 0.1 nW/cm?. Dynamic range of the in-
strument: for electric field strength — 0.01 V/m to
100 kV/m; magnetic field strength — 0.01 mA/m to
250 A/m; EMF power density — 0.001 mW/m? to
25.00 MW/m?; or EMF power density — 0.1 nW/cm? to
2.5 kwicm®,

NBM Broadband Field Meter with isotropic probe
ensures special measurement conditions (eliminates by-
effects). NBM Broadband Field Meter with isotropic
probe is fitted up with quick-acting wr automated meas-
uring equipment which depends on the functional and
structural solutions of the equipment. The meter is distin-
guished by high operational speed and is capable of doing
360 measurements per minute. The meter’s inertia dura-
tionis 0.6 s.

The measurement accuracy of EMFs produced by
mobile communication and the data reliability are evalu-
ated through the application of methodologies for calcu-
lating measurement uncertainties (Table 1).

Table 1. Error evaluation in EMF measurement for mobile
communication antennas

Factors predetermining Expanded uncertainty with 95%
errors level of confidence
NBM 550 with isotropic 0
probe calibration £6.4%
Temperature +1.5%
Nonlinearity +1.8%
Measuring person’s
influence £ 14%
TOTAL | £+11.1%

EMF measurements are characteristic of the fact that
the duration of each measurement is the same but meas-
urement conditions differ: ambient temperature, propaga-
tion of EMF from the antenna in different directions, i.e.
nonlinearity, measuring person’s influence. Results are
also influenced by a measuring instrument calibration
error.

Calibration errors for NBM 550 with isotopic probe
are taken from the instrument’s certificate of calibration.
In the calibration phase, the sensor is immersed in a
known value of electric field. This value is obviously
associated with an uncertainty, depending strictly on the
calibration chain: power meters, generation antennas,
anechoic chamber, TEM cells, etc. These levels of uncer-
tainty are the “best measurement capability” of the labor-
atory and they vary depending on the calibration level
and frequency. The influence of temperature and nonline-
arity on measurements is evaluated according to the in-
strument’s technical specification. Measuring person’s
influence is evaluated by doing measurements under
identical conditions and safety person’s distance from the
device (about 10 m).
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3. Results and discussion

Evaluation by the HN 80:2011 indicating the exposure of
EMF power density in pW/cm?2 (there is no difference
between near field or far field situations). Evaluation by
the LST EN 50383:2010 indicating that: in the radiative
near field, the relationships between the electric and the
magnetic fields are much more complex, and separate
evaluation of them should be performed; and only at a
sufficiently large distance from the source, in the so-
called far-field region, it is sufficient to evaluate EML
power density in pW/cmz2,

We did separate measurements for the electric field,
for the magnetic field and for the EMF power density and
compared differences of evaluation. Power density was
assessed by the use of E-field probe and internal calcula-
tor of NBM-550.

The tests performed (by the LST EN 50492:2009 re-
quirements) on the roof in front of the mobile communi-
cation antenna in the near-field revealed the presence of
intensive power exchange between the antenna, electric
field and magnetic field, which changes rapidly with
distance (Fig. 16).

£ 25

= i

g 20 -

» 15 - -

s E

25 10 ; _

]

m n 1 a2 3 - - - & {
1 5 10 15 20 25 30

Distance, m

Fig. 16. Electric field strength distribution with bigger distance
from the mobile communication antenna

Fig. 16 shows that the electric field strength decreas-
es very rapidly with a distance from the antenna’s vertical
axis increasing up to 15 metres, but the decrease slows
down from 20 m distance. The electric field strength
decreases nearly by 2 times, from 20 V/m to 11 V/m. As
the distance from the antenna increases to 20 m and
above, the electric field strength does not decrease so
rapidly any longer ranging from 10 V/m to 8 V/m. The
threshold value for electric field strength is not regulated
in Lithuania. Other EU states have set different threshold
values for electric field strength: the strictest threshold
value for electric field strength, 7 VV/m, is set in Poland;
the maximum threshold value fixed for electric field
strength in Austria, Czech Republic, Estonia, Cyprus,
Finland, France, Germany, Hungary, Ireland, Malta, Por-
tugal, Romania, Slovakia, Spain, Sweden and the United
Kingdom is 61 V/m.

A changing electric field generated by mobile com-
munication creates a magnetic field and therefore the
magnetic field shows similar strength decreasing tenden-
cies as the electric field (Fig. 17). At a distance of 1 to 15
metres the magnetic field strength decreased by 1.7 times
within a range of 0.05 A/m to 0.03 A/m. With the dis-
tance from the mobile communication antenna growing,
the magnetic field strength decreased gradually within a

range of 0.028 A/m to 0.02 A/m. The threshold value for
magnetic field strength is regulated neither in Lithuania
nor in the rest of Europe.
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Fig. 17. Magnetic field strength distribution with bigger distance
from the mobile communication antenna

The performed tests showed that communication be-
tween the electric and magnetic fields and the cellular
antenna became much poorer with a bigger distance from
the antenna.

Electromagnetic wave (in the far zone) is subject to
the following dependence: E / H = Z,; where E and H -
vector modules of the strength of both fields of the wave,
while Z, — wave resistance of the space within which
wave is travelling. For air Z, = 120 Q) = 377. As the
performed investigations have shown, when a distance
from the mobile communication antenna grows, the rela-
tion of electrical and magnetic field with the antenna
becomes weaker.

During investigations, the electric to magnetic field
strength ratio became equal to 377 at a distance of 20
metres from mobile communication. With a distance
from the antenna growing the relation of electric to mag-
netic field strength did not change and equalled 377,
which attests to the fact that the formed electromagnetic
wave continued spreading (Fig. 18).
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Fig. 18. Relation between the strength of the electrical and the
magnetic field when a distance to the mobile communication
antenna increases

The power density can be directly measured or cal-
culated based only on measurements of the electric field
or the magnetic field, according to the formulas:
S =E’/377 or S = 377 H?, where E is the electric field in
V/m, H is the magnetic field in A/m and S is the power
density in W/m? (we are using pW/cm2).

The tests performed (by the HN 80:2011 require-
ments) showed that the EMF power density exceeding
allowable 10 pW/cm? value (Fig. 19). At the 1 m distance
from the antenna EMF power density is equal to
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111 pW/cm? and the authorised value, 10 pW/cmz, is ex-
ceeded by more than 11 times. With a distance from the
mobile communication antenna increasing, the EMF power
density gradually decreases, but even at 30 metre distance
from the antenna it exceeds allowable 10 uW/cm? value
and reaches 15 pW/cmz2,

Measuring the electric field and magnetic field and
using the far-field assumptions in near zone led to overes-
timating the exposure (Fig. 19). Calculations indicated
that using the far-field approximation at 1 m from anten-
na overestimated the exposure by 20 per cent, at 5 m — by
20 per cent, at 10 m — by 20 per cent, at 15 m — by 25 per
cent. And only at 20 m the electric and magnetic fields
became related, and were sufficient to evaluate only one
of them.
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Fig. 19. Calculated EMF values based on measurements of the elec-
tric field and the magnetic field (permissible level — 10 pW/cm?)

The tests conducted in the direction of the most in-
tensive radiation from the antenna at a height of 1.5m
above the ground showed that the EMF power density
started increasing with a growing distance from the an-
tenna, created the local maximum at a certain distance
and subsequently started decreasing.
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Fig. 20. EMF power density distribution on the ground with
bigger distance from the antenna (permissible level — 10 pW/cm?)

At a distance of 30 m from the antenna’s vertical ax-
is the EMF power density value created by the mobile
communication antenna at a height of 1.5 m above the
ground is 2.1 pW/cm2 but it is not real value because of
shadowing. The shadowing effects characterise the block-
ing of the EMF power density propagation by house’s
wall. At a distance of 40 m from the antenna’s vertical
axis the EMF power density value created by the mobile
communication antenna at a height of 1.5 m above the
ground is 4.5 pW/cmz?, and 50 m — 9.8 pW/cmz2 (Fig. 20).
At 50 m distance from the antenna the EMF power densi-
ty value still does not exceed the maximum permissible
level (10 pW/cm?) but nearly equals it. The test meas-
urements showed that antenna’s pattern on the vertical

plane had a quite narrow lobe directed downwards
(Fig. 17). Consequently, the highest power density value
is in the place where the main lobe of antenna’s diagram
reaches the ground, i.e. at 50 m distance from the anten-
na. With yet bigger distance from the antenna the EMF
power density starts decreasing: at 60 m distance it reach-
es 7.4 pWicmz, at 70 m - 1.5 pW/cm?, at 80 m-
0.23 yW/cm?, at 90 m - 0.11 pW/cm?, at 100 m-—
0.1 pW/cmz. At a distance of above 100 m the EMF pow-
er density changes insignificantly varying within intervals
between 0.01 pwW/cm? and 0,1 pW/cm2. The mobile
communication antenna creates only one maximum in the
maximum radiation direction and with a distance from
the antenna growing, the EMF power density decreases in
inverse proportion to the square of the distance from the
antenna’s geometrical centre to the test point in space.
With bigger distances, where interference occurs due to
reflections from buildings and relief conditions, the EMF
power density decreases even more and is much related to
terrain properties.

Fig. 21 shows the results of measurements at 1.5 m
height above the building roof which is in the closest
proximity to the mobile communication antenna within
antenna’s direct visibility area. It is obvious that the EMF
power density gradually decreases in the direct visibility
area with the distance from the antenna’s vertical axis
increasing. At 35 m distance from the antenna’s vertical
axis the EMF density value represents 87% of the per-
missible level (10 pW/cm?2), at 40 m — 73%, 45 m — 53%,
50 m — 49%, 55 m — 20%, 60 m — 16%, 65 m — 10%, and
70 m — 5%. The presented results show that the permissi-
ble value is not exceeded, and the power density of an-
tenna’s main pattern lobe on the horizontal plane de-
creases according to the square dependence in the
immediate area of the antenna.
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Fig. 21. Distribution of EMF power density values in the
immediate area of the antenna on the roof (permissible level —
10 pW/cm?)

Distribution of the EMF maximum power density pro-
duced by the mobile communication directional antenna vs
time is presented in Fig. 12. The conducted tests showed
that the EMF maximum power density created by the mo-
bile communication antenna was not stable and was largely
dependent on the time of the day (Fig. 19). This is particu-
larly noticeable in the direction of the most intensive radia-
tion at 1.5 m height above the ground and at 50 m distance
from the antenna’s vertical axis as the EMF maximum
power density radiated in this area is high enough. Fig. 22
shows that the highest value of the EMF power density,
9.8 uW/cm?, was recorded in the daytime at 16:00; the



Journal of Environmental Engineering and Landscape Management, 2012, 20(4): 273-284

other maximum power density values vary from
9.0 pW/cm2 to 9.6 pW/cmz. The reason for that is that the
control channels of mobile communication antenna contin-
ually transmit uniform power which does not depend on the
flow of information transmitted. Other channels transmit
information only when necessary and their power can be
regulated. Due to this the EMF power density radiated by
the antenna may change in the course of the day or week
depending on the number of additional communication
information channels. The EMF power density radiated by
an antenna with several channels depends on the number of
channels in use, the number of time intervals used and other
factors. At 100 metre distance from the antenna’s vertical
axis the EMF maximum power density changes very insig-
nificantly, from 0.45 pW/cm? to 0.58 pW/cmz. At 100 m
and bigger distance from the antenna’s pole axis the EMF
maximum power density decreases by around 100 times
and more (as against 50 m distance) distributing evenly at
1.5 m height above the ground and becomes independent
from antenna-radiated power. In this case the change of
EMF power density depends on relief conditions, buildings,
trees and is much more complicated due to reflections,
absorption interference, etc.
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Fig. 22. Distribution of EMF maximum power density values vs
time

Distribution of the EMF power density produced by
the mobile communication directional antenna at differ-
ent height in a balcony is presented in Fig. 16. The per-
formed tests on EMF power density in a balcony in front
of the mobile communication antenna showed the highest
values to be on floors 5 to 8. Antenna’s directionality
appears at 35 m distance from the mobile communication
antenna on the vertical plane forming the main coverage
area of 20 m which includes floors 5, 6, 7 and 8 (Fig. 23).
At 35 m distance from the antenna’s vertical axis the
value of the EMF power density produced by the mobile
communication antenna at 1.5 height above the floor iT a
balcony on floor 5 is 6.8 pwW/cm?, on floor 6 -
7.5 uWicmz, floor 7 — 7.1 pyW/cmz, floor 8 — 5.5 pW/cmz,
The mobile communication antenna is on the same plane
as floor 6 and, in addition, the antenna’s azimuth coin-
cides with floor 6 and therefore the EMF power density
values are the highest in the direction of the most inten-
sive radiation.

Tests performed inside a room at 0.5 m, 1.0 m and
1.7 m heights (1 m distance from the window) showed
that plastic frame windows effectively shielded electro-
magnetic radiation (Fig. 24). At closed windows EMF
power density values fell around 10 times on all floors
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compare with the values in a balcony. Window glass
coated with a very thin and almost invisible layer of met-
al and metal oxides shields electromagnetic radiation and
reflects electromagnetic radiation to the outside.
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Fig. 23. Distribution (in a balcony) by height of antena-radiated
EMF power density (permissible level — 10 pW/cm?)
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Fig. 24. Distribution in room (1 m distance from the window)
by height of antena-radiated EMF power density

When measuring EMF power density emitted by an-
tenna in a room, large variations may be observed in the
resulting exposure levels even within small variations in a
height (e.g. within a 0,5 meter) (Fig. 25). 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 (room wall etc.), can be described by fast
fading and shadowing.

NE 0.05

2

S

> -

= m 0.5 m height
= 1 m height
5 o 1.7 m height
3

=

o

o

L

=

w

Floor

Fig. 25. Distribution in a middle of the room by height of
antena-radiated EMF power density

Figs. 26 to 27 present the results of measurements at
different distances at 1.5 m height above the ground
around 4 mobile communication antennas. The tests car-
ried out in a rural area in front of mobile communication
antennas on a 70 m high pole revealed low values of
EMF power density which did not exceed the permissible
level (10 pW/cm?).
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Fig. 26. EMF power density values around the mobile commu-
nication antenna at 50 m distance, at 1.5 m height (permissible
level — 10 pW/cmg)
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Fig. 27. EMF power density values around the mobile commu-
nication antenna at 100 m distance, at 1.5 m height (permissible
level — 10 pW/cmg)

EMF power density values around the maobile com-
munication pole with 4 antennas mounted on it at 50 m
distance, and at 1.5 m height above the ground are not
above 0.007 uW/cmz; the others are within intervals from
0.002 pW/cm?2 to 0.006 uW/cm? (Fig. 26). The values of
EMF power density in the measurement points beside 90°
120° 150° azimuths are by 2 to 3 times lower as these
points are within antenna’s indirect visibility area, i.e.
under the trees. EMF power density values under the base
station antenna are very low as the main radiation lobe of
the antenna reaches the ground at a distance of around
100 m to 200 m. Consequently, concerns that EMF power
density values are the highest next to the base station
tower are ungrounded.

Fig. 27 shows that at a distance of 100 m from the
antenna the EMF power density does not exceed 0.3% —
0.4% of the permissible level (10 pW/cm?). Compared
with 50 m distance, the level of EMF intensity increased
by 10 times. At 200 m distance the power density values
of the electromagnetic field produced by the mobile
communication antenna represents 0.4% of the permissi-
ble level value (10 pW/cm?). Compared with 100 m dis-
tance, the EMF intensity level is very similar. At 300 m
distance and at 1.5 m height above the ground do not go
above 0.05 pW/cm?; the remaining ones are scattered
within intervals from 0.01 pW/cm? to 0.045 pW/cmz2. At
400 m and 500 m distance and at 1.5 m height above the
ground EMF power density values are scattered within
intervals from 0.012 pW/cmz2 to 0.043 pW/cm2,

It is very important to make the widest possible sig-
nal coverage area in the terrain under testing and EMF
power density values, therefore, are so low. In this case
high gain antennas (17 dBi) mounted on a tall pole (70 m)
are used. Such antennas have very small radiation diagram

lobes, a narrow angle of the vertical directional pattern
and a wide distribution of the EMF power density on the
horizontal plane. This was confirmed by very low values
obtained from the performed measurements of EMF pow-
er density on the ground at 50 m, 100 m, 200 m, 300 m,
400 m, and 500 m distances from the base station which
are scattered within intervals from 0.002 pW/ecm® to
0.05 uW/cm? and they are by up to 500 times below the
values permissible by HN 80:2011. Furthermore, the val-
ues of EMF power density decrease according to the
square dependence in the free space, while at bigger dis-
tances where interference is most frequent due to reflec-
tions from buildings and relief roughness the EMF power
density decreases even more rapidly.

In addition, low EMF power density values are pre-
determined by mobile communication antenna manufac-
turers. They develop antenna directional patterns so that
the most even distribution possible is achieved at 1.5 m
height above the ground as the distance from the pole
axis of the mobile communication antenna increases, i.e.
approximately at the height we use our mobile phones.

4, Conclusions

1. In conclusion, it can be stated that there are varia-
tions between measurements requirements given in differ-
ent international documents. The main reasons for this
variation appear to be differences in the protection con-
cepts used in different countries. The tests performed (by
the LST EN 50383:2010 requirements) on the roof in front
of the mobile communication antenna in the near-field
revealed the presence of intensive power exchange be-
tween the antenna, electric field and magnetic field, which
changes rapidly with distance. The electric field strength
decreases nearly 2.5 times, from 20 V/m to 8 V/m. The
magnetic field strength decreased 2.5 times as well within
a range of 0.05 A/m to 0.02 A/m. The tests performed (by
the HN 80:2011 requirements) showed that the EMF pow-
er density exceeding allowable 10 pW/cm? value. At the 1
m distance from the antenna EMF power density is equal
to 111 pW/cm?2 and the authorised value, 10 pW/cmz, is
exceeded more than 11 times. With a distance from the
mobile communication antenna increasing, the EMF power
density gradually decreases, but even at 30 metre distance
from the antenna it exceeds allowable 10 pW/cm? value
and reaches 15 pwW/cmz.

2. The mobile communication antenna (in Seskinés
street 2) creates the maximum in the most intensive radia-
tion direction. The highest EMF power density value,
9.8 pW/cm?, was recorded on the ground at 50 m distance
from the antenna. With distance the EMF power density
starts decreasing in inverse proportion to the square of the
distance from the antenna’s geometrical centre to the test
point in space: at 60 m distance it reaches 7.4 pW/cmz, at
70m - 1.5 uyW/cm?, 80 m - 0.23 pW/cm?, 90 m —
0.11 pW/cmz, 100 m - 0.1 pW/cm2,

3. With the distance from the antenna’s vertical axis
within the direct visibility (in Kauno street 5) area in-
creasing the EMF power density gradually falls to 2 to
3 uW/cmz. At 35 m distance from the antenna’s vertical
axis the EMF density value represents 87% , at 40 m—
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73%, 45 m — 53%, 50 m — 49%, 55 m - 20%, 60 m -
16%, 65 m — 10%, and 70 m — 5% of the permissible
level (10 pW/cm?).

4. The EMF maximum power density produced by
the mobile communication antenna is not stable and is
largely dependent on the time of the day. This is in par-
ticular noticeable at 50 m distance from the antenna, as
quite high EMF maximum power density (about
9 uW/cm?) is radiated in this area. The highest EMF
power density was recorded at 8:00 and 16:00 reaching
9.6 pW/cm? and 9.8 pW/cmz, respectively.

5. Distribution of the EMF power density produced by
the mobile communication antenna (in Rugiy street 4) is
largely dependent on the antenna’s directional pattern on the
vertical plane. EMF power density values are the highest in
the balconies that are within the main coverage area of the
antenna. The conducted tests showed that the main coverage
area of the mobile communication antenna was within 20
metres and included floors 5, 6, 7 and 8. On floor 5, the
power density reaches 6.8 pwW/cm?, on floor 6-—
75 pWicm? on floor 7 — 7.1 pW/cm?, on floor 8-
5.5 pW/cmz. Electromagnetic radiation is effectively shield-
ed (by up to 10 times) by window glass coated with a very
thin and almost invisible layer of metals and metal oxides
that reflects electromagnetic radiation to the outside.

6. The mobile communication antennas used in rural
areas (Lavoriskés) are characteristic of very small side
lobes of their directional pattern, a narrow angle of the
vertical directional pattern and a wide distribution of the
EMF power density on the horizontal plane at 1.5 m
height above the ground, i.e. at nearly the same height we
use mobile phones. Consequently, the EMF power densi-
ty values on the ground at 50 m, 100 m, 200 m, 300 m,
400 m, and 500 m distance from the base station in rural
areas are very low, scattered within intervals from
0.002 pW/em? to 0.05 pW/em?,
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MOBILIOJO RYSIO ANTENU ELEKTROMAGNETINIU LAUKU INTENSYVUMO PARAMETRU TYRIMAI
IR VERTINIMAS

P. Baltrénas, R. Buckus, S. Vasarevicius
Santrauka

Pastaruoju metu paplitus koriniam mobiliyjy telefony tinklui ir ypa¢ — jvedus skaitmenines GSM 900/1800/2100 sistemas,
daugelyje Europos Saliy pradéta rapintis dél galimo $iy sistemy baziniy stociy elektromagnetinés spinduliuotés poveikio
zmogaus sveikatai. Kai kuriose $alyse imta reikalauti zony be mobiliyjy telefony, kuriose buity draudziama jrengti bazines
stotis, gerokai sumazinti didziausiaja leidZiamaja ap$vita ar jvesti kitus ribojimus. 1999 m. liepos 12 d. priimta Europos
Tarybos rekomendacija nurodo nustatyti maksimaliy elektromagnetinés spinduliuotés (0-300 GHz) lauky stiprj, reikalauja
teikti informacijg apie gyventojy apsvita dél elektromagnetiniy lauky bei taikomas priemones jai sumazinti. Pateikiami ir
nagrinéjami gyvenamojoje zonoje mobiliojo rysio anteny sukuriamy elektromagnetiniy lauky duomenys. Atlikti elektrinio
stiprio, magnetinio stiprio ir elektromagnetinio lauko energijos srauto tankio matavimai. Duomenys lyginami su nustaty-
tomis higienos normomis. Tyrimai atlikti artimojoje ir tolimojoje antenos zonoje, gyvenamosiose patalpose, esanciose
pries anteng. Mobiliojo rysio elektromagnetiniy lauky matavimai atlikti ir kaimo vietovése.

Reikdminiai Zodziai: elektrinio lauko stipris, magnetinio lauko stipris, elektromagnetinio lauko energijos srauto tankis,
mobiliojo rySio antena.
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