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THE HIGH-FREQUENCY EMF
INVESTIGATION OVER THE CAMPUS
AREA OF THE UNIVERSITY OF NOVI SAD

Abstract: An issue of electromagnetic field (EMF) pollution in the
environment has become particularly important due to a continuous
increase in the number of artificial EMF sources. Consequently,
appropriate measurements and control of EMF level have been
performed in different indoor and outdoor environments. This paper
presents details about the broadband EMF monitoring campaign over
the University of Novi Sad campus. Outdoor measurements of the high-
frequency electric field were carried out in spatial and temporal
domain, at frequently visited campus’ locations. Exposure assessment
was performed in compliance with national legislation, showing that
acquired results are far below prescribed reference levels, thus

INTRODUCTION

The number of artificial electromagnetic field (EMF)
sources in human surroundings continuously grows, as
a consequence of the rapid technological progress of the
society. Those sources are an inevitable part of the
living and working environment and their constant
presence trigger doubt and worry of the general
population, regarding possible harmful EMF effects on
health [1].

In line with that, the area of EMF investigation has
become particularly significant regarding the
prevention and protection of the general population
EMF exposure. Thus, a great number of EMF surveys
and measurement campaigns on an international scale
have been conducted. The measurements were being
performed in various indoor/outdoor environments, at
different periods, using various measuring techniques
and equipment [2]-[4].

Regarding places of EMF investigation, particular
attention has been paid to sensitive zones such as
schools, residential areas, shopping centers, as well as
other public spots [5]-[9]. The university campus areas
are also classified as highly sensitive. Thus, some
scientific studies deal with EMF investigation in those
areas [10], [11].

Besides the fact that measurements have to be done in
accordance with relevant EMF standards and
recommendations [12]-[14], the recent trends suggest
continuous monitoring of EMF levels on a long-term
basis [15]. Following this approach, the campaign of
broadband EMF monitoring was carried out over the
University of Novi Sad campus during 2018. This
campaign was based on the outdoor long-term
monitoring of the high-frequency electric field.

distinguishing the campus as a low exposed area.

Keywords: electromagnetic field, monitoring, radiation exposure.

This paper brings an analysis of the monitoring
campaign’s results. In the following sections, basic
details about the campus area and applied measuring
procedure are given, together with an appropriate
discussion of the results for the electric field strength
measurements and performed exposure assessment.

MONITORING CAMPAIGN’S
ACTIVITIES

The University of Novi Sad is the second-largest
university in the Republic of Serbia. Its campus
occupies an area of 256,807 m? and is located in the
southwestern part of the city of Novi Sad. The sketch of
the campus area is presented in Fig. 1.

Figure 1. Campus area of the University of Novi Sad
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A headquarters of the university is located in the
campus, as well as seven out of thirteen faculties that
belong to the university. Within this campus, there are
four main traffic streets and several pedestrian zones.
Additionally, this area is surrounded by residential
buildings and a few high frequent traffic streets.

According to its position, it is clear that the constant
presence of people distinguishes the campus area as
highly sensitive. Moreover, people’s daily activities
impose necessities for the use of different wireless
communication technologies. Therefore, the presence
of the high-frequency electric fields originated from a
number of EMF sources, is expected in the campus area.

Those facts initiated the idea for the long-term
broadband monitoring of the high-frequency electric
field at campus’ locations most frequently visited by
students and university staff, marked with yellow
triangles in Fig. 1. The intention was to obtain
information about the temporal fluctuation of the field.

Additionally, in order to achieve an insight into the
spatial fluctuation of the field, monitoring campaign
included the initial short-term measurements in a spatial
domain. Those measurements were carried out along the
campus most important pedestrian paths, labeled with
red lines in Fig. 1.

A) Preliminary field scanning

The intention of a preliminary field scan over the
campus was to determine the spatial changes of the
electric field strength at places with large fluctuation of
people. Measurements were taken in 1005 measurement
points, evenly distributed at the distance of 2 m along
the selected pedestrian paths.

During measurements, the instrument’s field probe was
positioned at a height of 1.1 m above the ground level,
according to the standard SRPS EN 50492:2010 [13].

Measurements were carried out using Narda NBM-550
handheld broadband field meter [16], equipped with the
electric field probe EF 0691 [17]. The main parameters
of this probe are provided in Table 1 [17].

Table 1. Electric Field Probe EF 0691 [17]

Parameter Value
Frequency range 100 kHz to 6 GHz
Measurement range 0.35 V/m to 650 V/m

Linearity +0.5 dB (2 to 400 V/m)

Frequency sensitivity ~ +1.5 dB (1 MHz to 4 GHz)

The frequency range of the applied electric field probe
covers the operating frequencies of almost all known
sources of the high-frequency electric field. Therefore,
information on the overall and cumulative electric field
strength presented at a particular location has been
provided.

B) Broadband continuous monitoring

The continuous and long-term monitoring of the electric
field at ten measurement locations was performed at the
most frequently visited places in the campus. Those
places are in front of faculty buildings, students’
cafeterias, students’ dormitories and at the most
frequent pedestrian paths.

This phase of the campaign was done applying the
protocol developed in the SEMONT (Serbian
Electromagnetic Field Monitoring Network) system
[18]. It consisted of two parts:

e Preliminary electric field spatial scanning, over
the grid of 25 measurement points — with the aim
to determine the spatial distribution of the field
strength at a particular location [12] and to find the
point with the field strength maximum (so-called
hot spot) [13].

¢  Four-hours monitoring of the field strength in
the hot spot — setting up the instrument’s field
probe at a height of 1.7 m [18]. The pedestrian
access was forbidden during the monitoring, with
the aim to achieve measurement conditions as in
the so-called unperturbed field area.

Lastly, the exposure assessment was performed,
applying the SEMONT’s boundary exposure
assessment method [20], calculating the exposure
boundaries according to the following expressions:

2 2
E

and GER, =| —=—| ., (1)
Ercffmin

and obtaining the range where the real exposure is
located.

E
GER,, :[ =

ref max

In this equation, E,, is the broadband measured value of
the electric field strength, while Erefmin and Eyesmax are
minimal and maximal reference levels, prescribed by
the legislation [19], for the frequency range of the
applied field probe.

MEASUREMENT RESULTS

A short statistical analysis of the results of a preliminary
electric field scan along the most important pedestrian
paths in the campus is provided in Table 2.

Table 2. Actual field strength values along campus

pedestrian paths
Emin [V/m] Eavg [V/m] Emax [V/m] Es. dev. [V/m]
0 0.477 2.547 40.261

These results show that the acquired values of the
electric field strength are at least four times lower than
the minimal reference level of E.f win = 11 V/m,
prescribed by the national legislation [19].
Consequently, the campus area can be considered as a
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zone with a low spatial distribution of the high-
frequency electric field.

A) Monitoring results

Broadband monitoring of the field was carried out from
9 AM. until 1 P.M., which is a rush period at the
university, with the high frequency of students and
university staff.

A short statistical analysis of the obtained average field
strength values is given in Table 3.

Table 3. Average field strength values during the four-
hour monitoring

Euwyg [V/m]

Location  Min Avg Max Std. %]
1 0.119 0.178 0.242 3.047
2 0.237 0.296 0.353 3.193
3 0.486 0.551 0.612 3.406
4 0.131 0.183 0.245 3.177
5 0.616 0.709 0.756 2.808
6 1.012 1.120 1.271 5.844
7 0.618 0.727 0.894 5.475
8 0.466 0.515 0.576 3.030
9 0.139 0.216 0.454 5.022
10 0.521 0.644 0.748 5.780

Additionally, a short statistical analysis of obtained
maximum field strength values is offered in Table 4.

Table 4. Maximum field strength values during the
four-hour monitoring

Enax [V/m]

Location  Min Avg Max Std. [%]
1 0.275 0.347 0.406 3.366
2 0.433 0.507 0.637 4.831
3 0.702 0.793 0.862 3.729
4 0.250 0.383 0.694 9.409
5 0.785 0.911 1.664 13.618
6 1.342 1.468 1.695 7.795
7 0.966 1.129 1.355 8.539
8 0.794 0.905 1.020 6.690
9 0.308 0.424 2.389 32.474
10 0.851 1.024 1.181 6.717

Considering the results from Tables 3 and 4, it can be
observed that the highest field strength values were
obtained at Location 6.

Temporal changes of the average and maximum field
strength values, at this location, are graphically
presented in Fig. 2.

Electric field strength — Location 6 12
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Figure 2. Monitoring of the electric field strength at
Location 6

The analysis showed that all obtained values of E,,; and
E,.qx are five or more times below the minimal reference
level of Eyermin = 11 V/m (red marked line in Fig. 2).
Thus, the whole campus area can be considered as one
with low intensity of the high-frequency electric field.

Additionally, low values of the standard deviation of
E,, for all locations lead to the conclusion about slow
temporal changes of the high-frequency electric field
over the campus area.

B) Exposure assessment results

The exposure boundaries were calculated by applying
the expression (1), where E,,, values were used as E,,.
Besides, the minimal and maximal reference levels had
values Eve min = 11 V/im and Erer max = 34.8 V/m,
according to the national legislation [19] and observed
broadband frequency range. A brief statistical analysis
of acquired GER),, values is depicted in Table 5.

Table 5. Values of lower exposure boundaries

GERIow
Loc. Min Avg Max Std. [%]
1 1.17x10°5 2.70x107° 4.84x10° 8.96x10™*
2 4.63x10°  730x107°  1.03x10* 1.58x1073
3 1.95x107*  2.52x10*  3.09x10* 3.10x1073
4 1.41x10°  2.84x10° 4.96x107° 9.68x10°*
5 3.13x10*  4.16x10* 4.72x10*  3.21x1073
6 8.46x10* 1.04x1073 1.33x107° 8.80x107*
7 3.16x10* 438x10* 6.60x10* 6.76x1073
8 1.79x10* 220x10* 2.74x10* 2.60x10°°
9 1.60x10° 4.06x10° 1.70x10* 2.38x107°
10 2.25x10*  345x10*  4.62x10*  6.02x10°7

In addition, short statistical analysis of GER,pe- values
is given in Table 6.
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Table 6. Values of upper exposure boundaries

All acquired results are far below reference levels
prescribed by the national legislation, suggesting the
small spatial and temporal distribution of the electric
field. Additionally, low values of the general population
exposure distinguish the campus as a low EMF exposed
area.

Despite the obtained results, further periodical
monitoring campaigns over the campus will certainly be
indispensable, having in mind the everyday increase of
a number of EMF sources in the surrounding.

Besides, some future campaigns should be oriented

GERyyp
Loc. Min Avg Max Std. [%]
1 1.17x10* 2.70x107* 4.85x10* 8.97x107
2 4.64x10*  731x10*  1.03x107° 1.58x1072
3 1.95x107°  2.52x107°  3.10x103  3.11x1072
4 1.41x10%  2.84x10* 4.96x10* 9.69x1073
5 3.13x107°3  4.16x1073  4.72x107°  3.22x1072
6 8.47x107° 1.04x102 1.34x1072 1.09x10!
7 3.16x107°  439x107°  6.61x10°3  6.77x1072
8  1.79x107° 220x107° 2.74x103  2.60x1072
9 1.60x10* 4.06x10* 1.70x103 2.38x1072
10 2.25x1073  3.46x107°  4.62x107°  6.03x1072

Finally, time fluctuations of exposure boundaries at
Location 6, in the graphical form, are presented in Fig.
3.
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Figure 3. The exposure boundaries at Location 6.

The conclusions about exposure at campus locations are
similar as for the case of the electric field strength
values. All values of exposure boundaries are several
hundred or thousand times below the maximal
allowable level of GERuiiowea = 1 (red marked line in Fig.
3). Thus, it was once again confirmed assertion about
small spatial and temporal distribution of the electric
field exposure, over the campus area.

CONCLUSION

Regarding places of EMF investigation, special
emphasis should be on highly sensitive areas, where
people spend a lot of time, such as the University
campus area. Therefore, the outdoor broadband
monitoring campaign was conducted over the campus
area of the University of Novi Sad.

This campaign consisted of short-term measurements in
a spatial domain, as well as of four-hour monitoring of
the high-frequency electric field strength, at the
campus’ most frequently visited places.

toward indoor measurements into campus’ buildings.
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ISPITIVANJE EM POLJA VISOKIH FREKVENCIJA U OKVIRU
KAMPUSA UNIVERZITETA U NOVOM SADU

Dragan Kljajié, Nikola Durié, Karolina Kasas-LaZeti¢

Rezime: Problem zagadenosti Zivotne sredine elektromagnetskim poljima (EMP) postao je narocito vazan usled
stalnog porasta broja vestackih izvora EMP-a. Stoga se odgovarajuéa merenja i kontrola nivoa EMP-a obavijaju
na otvorenom i u zatvorenom prostoru. U ovom radu su predstavijeni detalji kampanje Sirokopojasnog merenja
nivoa EMP-a u okviru kampusa Univerziteta u Novom Sadu. Merenja nivoa elektricnog polja visokih frekvencija na
otvorenom su obavljena u prostornom i vremenskom domenu, na najfrekventnijim lokacijama u kampusu. Procena
izlozenosti opste populacije je izvrSena u skladu sa nacionalnim zakonodavstvom, pokazavsi da su dobijene vrednosti
nivoa polja daleko ispod propisanih referentnih granicnih nivoa, ¢ime se oblast kampusa izdvaja kao oblast sa
niskom EM izloZenoScu.

Kljucne reci: elektromagnetsko polje, monitoring, izloZenost zracenju.
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