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This paper is a summary of broadband measurement values of radiofrequency radiation
around GSM base stations in the vicinity of residential areas in Belgrade and 12 other cities in
Serbia. It will be useful for determining non-ionizing radiation exposure levels of the general
public in the future. The purpose of this paper is also an appropriate representation of basic
information on the evaluation of measurement uncertainty.
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INTRODUCTION

The use of wireless communications devices has
been increasing rapidly over the past decades. Along
with the development of these technologies, public
concerns about health risks of exposure to
radiofrequency (RF) radiation for people residing in
the vicinity of GSM base stations (GSM BS) antennas
and possible adverse effects on health are on the rise,
as well. The increasing number of cellular telephony
subscribers has led to an expansion of networks and
installation of more base stations.

The Scientific Committee on Emerging and
Newly Identified Health Risks (SCENIHR) points out
that scientific studies still fail to provide support for
the effect of electromagnetic fields (EMF) on self-re-
ported symptoms, but indicate that the expectation or
belief that something is harmful may play a role in
symptom formation. Further epidemiological and lab-
oratory investigations are needed [1].

In order to evaluate population exposure, the
knowledge of field levels is of great importance. Mea-
surements are essential both for the verification of the
results obtained through the use of numerical models
and for the evaluation of field levels when the sources
are unlikely to be simulated because of their number,
working condition, and complex distribution. Uncer-
tainty in the scientific or technical context has a very
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specific meaning. If a measurement is made many
times, a range of results which are close to the “true”
value is obtained. This spread in measured results can
stem from differences in the exact measurement posi-
tion, statistical variation in the response of the mea-
surement instrument or differences in the way differ-
ent people read the instrument display. The
uncertainty of the used measuring equipment has to be
known and considered in the final assessment [2].

MEASUREMENT METHOD AND RESULTS

The European Conference of Postal and Tele-
communication Administrations (CEPT) has pro-
duced the ECC Recommendation (02)04 covering RF
radiation [3]. It defines generally applicable measure-
ment methods without mentioning any limit values.
For such values, it refers to the EU Council Recom-
mendation 1999/519/EC on the protection of the gen-
eral public [4] and to corresponding national regula-
tions. This has enabled CEPT to specify a strategic
procedure that can be applied to public and occupa-
tional safety alike, which does not conflict individual
regulations or specific local situations. Based on the
ECCRecommendation (02)04, health and safety exec-
utives can specify clear procedural instructions to
cover their areas of responsibility, without being
forced into “do it yourself” solutions with attendant
risk of legal uncertainty.
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tion, ICNIRP, limit values or nationally-determined
limit values). Broadband measuring equipment is
ideal for case 1. The following properties are essential
— measuring instruments and isotropic (non-direc-
tional) field probes must be capable of measuring the
root mean square (rms) value [5].

The goal of this paper is the characterization of RF
electric field levels with an electric field probe (Type 8.3)
of the EMR-300 RF radiation meter [6]. All measure-
ments were done at points of around 1,5 m-1,8 m above
the ground/floor and at a distance from GSM BS anten-
nas beyond 1 m (»far-field conditions«), in the daytime,
between 12:00 p. m. and 16:00 p. m.

In order to minimize the influence of other
sources of RF radiation, GSM BS were selected ac-
cording to the criterion that they have to be the sole
source of RF radiation within an 150 m wide area.

Measurements were divided into four groups:

Group I —Measurements on roofs where GSM BS are
mounted,

Group 2 — Measurements in rooms below GSM BS,

Group 3 —Measurement in rooms situated at about the
level of GSM BS, and

Group 4—Measurement around masts of GSM antennas.

In terms of the assumption of valid survey points

(4 group of measurements with altogether 20 observ-

ing locations), our survey disposes of following fig-

ures:

— 75 measurement points in group 1 —on 9 locations,

— 111 measurement points in group 2—on 9 locations,

— 342 measurement points in group 3 —on 10 loca-
tions, and

— 135 measurement points in group 4—on 9 locations.

The selection of the number of measurement

points per location is directly assessed by [5]:

— for group 1 —2-25 measurement points per loca-
tion,

— for groups 2 and 3 — 10 measurement points per
location in places where people spend most of
their time during the day (offices, living rooms or
bedrooms), and

— for group 4, omnidirectional antennas — 4 mea-
surement points per circumference of circlesr =
= 5-150 m; sector antennas — 3 measurement
points in the direction of “main beam” antennas on
a visual distance ranging up to 150 m.

Figure 1 is a representation of the accumulative
percentage of measurement values vs. RF electric field

Figure 1. Percentile distribution of measurement values

strength (100 kHz-3 GHz) for all four groups of mea-
surements, in the region of GSM BS, in “the worst case
scenario” (maximal value on display). Meaningful
comparison is possible only between the result of EMF
measurements obtained following these methods on
one hand and reference levels and basic restrictions of
contemporary safety standards (i. e. IEEE C95.1) and
guidelines from the International Commission on
Non-lonizing Radiation Protection (ICNIRP).

THE EVALUATION OF MEASUREMENT
UNCERTAINTY

The evaluation of uncertainty should be per-
formed following the ISO/IEC Guide [7]. The Euro-
pean Committee for Electrotechnical Standardization
(CENELEC) issued standard EN 50413 [8], where
useful information can be found about the identifica-
tion of uncertainty components.

In the high frequency range RF : 100 kHz-300
GHz), several field types exist which should be as-
sessed differently, depending on the distance » from
and the biggest dimension D of the radiating source.
Table 1 indicates whether to measure electric (E) or
magnetic (H) field strength, or both, at different dis-
tances from the field source.

Table 1. Evaluation parameters for high frequency
range [8]

Reacgg/lezl near Radlzggilg near Far field
Distance (r) r<A A<r<2D¥)L | r>2DYA
E.H~1/r No No Yes
Zy=E/H 7, A =7
To measure Eand H EorH EorH

Reliable assessment procedures have to be able
to distinguish between the contributions from differ-
ent RF sources and also to estimate individual expo-
sure. Possible dosimetric approaches are the use of fre-
quency selective monitoring equipment to assess
variation vs. time, and of frequency selective equip-
ment like dosimeters, to assess individual exposure.
Procedures based on the use of broadband measure-
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Table 2. Example of an uncertainty budget for field strength measurement using a broadband measurement system [8]
Specified e I :
Influence factor Reference uncell)“[eaciil;; [%] Distribution Division factor | Standard uncertainty u(x;) [%]
Frequency response Calibration report 15 Rectangular 1.73 8.7
Uncertainty of S _
frequency response Calibration report 14 Normal (k=2) 2 7
Linearity deviation Calibration report 3 Rectangular 1.73 1.7
([iJnc.erFamty of linear Calibration report 2.5 Normal (k= 2) 2 1.3
eviation
Isotropic deviation Data sheet 12.2 Rectangular 1.73 7
Modulation response Data sheet 5 Rectangular 1.73 2.9
Temperature response Data sheet 3.5 Rectangular 1.73 2
Repeatability Measuring series 15 Normal (k= 1) 1 15
Combined standard uncertainty (uc [%]) 20.4
Expansion factor (k) 1.96
Expanded uncertainty (U [%]) 40.0

Table 3. Example of an expanded uncertainty for electric field strength measurement EMR-300, E-Probe: Type 8.3

(100 kHz-3 GHz) [2, 9]

(a) (0.6-1.25 V/m; 100 MHz-3 GHz); Temperature: 25 °C

Tnput quantity Relative uncertainty (DdB) Relative uncertainty (r}lum.) Relative standard ungertainty
(conf. interval of 95%) (conf. interval of 95%) (conf. interval of 66%) u(x;)
Isotropy 1 0.12 0.06
Linearity 3 0.41 0.21
Flatness 2.4 0.32 0.16
Temperature 0.2 0.02 0.01
Combined standard uncertainty ue = i(quxi )2 =027 27% (2.1 dB)
i=1

Expanded uncertainty [95%)] U=1.96 u,=0.53 53% (3.7 dB)
(b) (1.25-2.5 V/m; 100 MHz-3 GHz); Temperature: 25 °C

Isotropy 1 0.12 0.06
Linearity 1 0.12 0.06
Flatness 2.4 0.32 0.16
Temperature 0.2 0.02 0.01
Combined standard uncertainty uc = i(ci Uy )2 =018 18% (1.4 dB)

i=1

Expanded uncertainty [95%)] U=1.96 u,=0.35 35% (2.6 dB)
(c) (2.5-400 V/m; 100 MHz-3 GHz); Temperature: 25 °C

Isotropy 1 0.12 0.06
Linearity 0.5 0.06 0.03
Flatness 2.4 0.32 0.16
Temperature 0.2 0.02 0.01

Combined standard uncertainty

I 2
uc = Zi(ciu"i) =017
im

17% (1.4 dB)

Expanded uncertainty [95%)]

U=196u.=0.33

33% (2.5 dB)

Note: Input quantity data are used from Operating Manual in ref. [6]; Conversion: X [dB] = 20 log|

Conversion: x[%] = (10X 148120 _ 1y, 100

ment equipment are suitable for epidemiological stud-
ies if one source is dominant or if other reliable proce-
dures, such as analytical calculations, are applied, that
make it possible to distinguish between the contribu-

tions from different sources [5].

These are some of the uncertainty contributions

[2,9]:

[x[%]
100

gy

— probe calibration, which should be carried out in
an accredited laboratory,

— frequency interpolation, due to the fact that the
probe calibration curve is determined for discrete
frequencies of the reference EMF,
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— the measuring procedure, followed to estimate the
measured quantity and differences due to different
staff carrying out the same type of measurement, and

— the effects of environmental conditions (i. e. tem-
perature, humidity) in the measurement setup.

In tab. 2, an example of CENELEC standard EN
50413 is reported for electric field strength measure-
ments performed with a broadband measurement sys-
tem. Relative combined standard uncertainty was cal-
culated following the ISO/IEC Guide [7]:

g 2
Uc = le[ci u(x; )]
where sensitivity coefficient ¢; = £1, resulting from a
presumption of the case where the measurand is al-
ready a linear function of the quantities on which it de-
pends. The relative expanded uncertainty is obtained
by multiplying relative combined standard uncertainty
by the coverage factor £ = 1.96; the confidence level is
approximately 95%.

For comparison of a measurement result with the
“limit” fixed by the standard for human exposure to
electric, magnetic, and electromagnetic fields, “total
value” (the measured values plus the expanded uncer-
tainty) is needed. Based on ref. [9], levels of field in-
tensity measured with a relative uncertainty within 3
dB (41%) can be directly compared.

Table 3 presents the results of measurement un-
certainty determination for the isotropic electric field
probe (Type 8.3) of EMR-300 RF radiation meter [2,
9]. Case A shown in the table is not in line with the said
qualification.

DISCUSSION

With the introduction of the new concept of mea-
surement uncertainty, all errors were defined as stohastic
variables and, consequently, a practicable measuring
method was created, suitable for efficient application in
all sorts of experimental measurements [2].

Field levels obtained with instruments having a
relative uncertainty greater than 3 dB are to be consid-

ered only informative. In this case, if the total value is
still lower than the limit, there is a strong probability
that the “presumed” field level is below the limit. In
other cases, a decision cannot be taken and it is neces-
sary to repeat the measurement with an instrument that
can ensure greater accuracy.
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Bbpanuncnas [I. BYJIEBWH, IIpeapar B. OCMOKPOBHW, Iparan KOBAYEBUh

NCIIMTUBAILE HUBOA PATMO®PEKBEHTHOTI 3PAYEIbA Y
OKOJ/IMHU I'CM BA3ZHUX CTAHUIIA U MPOLHEHA MEPHE HECUT'YPHOCTU

Y oBOM pajly pUKa3aHHU Cy pe3yJITaTH IUPOKONOjaCHUX Mepeha HIUBoa P® 3pauewma y OKONUHU
I'CM 06a3Hux craHulla jaBHe MOOUIHE TeaedoHuje Koje ce Hanase y Onu3uHu Hacelba y beorpaay un 12
rpajoBa CpOuje. Mcru he Outu op Kopuctd y HekoM Oyayhem oppebuBamy HHUBOa HU3larawma
CTAaHOBHWINITBA HEjoOHW3YyjyhuMm 3padewmnma. [lopen HaBeeHOT, CBpXa OBOT pajia jecTe W oproBapajyhe
IpejCcTaBbakbe OCHOBHUX HH(OpMaIKja O IPOLEH! MEPHE HECUTYPHOCTU.

Kmwyune peuu: nejorusyjyhie apauerse, eaexiipomazueiticko tiowe, PO spauerve, 'CM 6asna ciianuya,

meperbe, MepHa HeCu2ypHoOCll



