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IN TRO DUC TION

The use of wire less com mu ni ca tions de vices has
been in creas ing rap idly over the past de cades. Along
with the de vel op ment of these tech nol o gies, pub lic
con cerns about health risks of ex po sure to
radiofrequency (RF) ra di a tion for peo ple re sid ing in
the vi cin ity of GSM base sta tions (GSM BS) an ten nas
and pos si ble ad verse ef fects on health are on the rise,
as well. The in creas ing num ber of cel lu lar te le phony
sub scrib ers has led to an ex pan sion of net works and
in stal la tion of more base sta tions.

The Sci en tific Com mit tee on Emerg ing and
Newly Iden ti fied Health Risks (SCENIHR) points out
that sci en tific stud ies still fail to pro vide sup port for
the ef fect of elec tro mag netic fields (EMF) on self-re -
ported symp toms, but in di cate that the ex pec ta tion or
be lief that some thing is harm ful may play a role in
symp tom for ma tion. Fur ther ep i de mi o log i cal and lab -
o ra tory in ves ti ga tions are needed [1].

In or der to eval u ate pop u la tion ex po sure, the
knowl edge of field lev els is of great im por tance. Mea -
sure ments are es sen tial both for the ver i fi ca tion of the
re sults ob tained through the use of nu mer i cal mod els
and for the eval u a tion of field lev els when the sources
are un likely to be sim u lated be cause of their num ber,
work ing con di tion, and com plex dis tri bu tion. Un cer -
tainty in the sci en tific or tech ni cal con text has a very

spe cific mean ing. If a mea sure ment is made many
times, a range of re sults which are close to the “true”
value is ob tained. This spread in mea sured re sults can
stem from dif fer ences in the ex act mea sure ment po si -
tion, sta tis ti cal vari a tion in the re sponse of the mea -
sure ment in stru ment or dif fer ences in the way dif fer -
ent peo ple read the in stru ment dis play. The
un cer tainty of the used mea sur ing equip ment has to be
known and con sid ered in the fi nal as sess ment [2].

MEA SURE MENT METHOD AND RE SULTS

The Eu ro pean Con fer ence of Postal and Tele -
com mu ni ca tion Ad min is tra tions (CEPT) has pro -
duced the ECC Rec om men da tion (02)04 cov er ing RF
ra di a tion [3]. It de fines gen er ally ap pli ca ble mea sure -
ment meth ods with out men tion ing any limit val ues.
For such val ues, it re fers to the EU Coun cil Rec om -
men da tion 1999/519/EC on the pro tec tion of the gen -
eral pub lic [4] and to cor re spond ing na tional reg u la -
tions. This has en abled CEPT to spec ify a stra te gic
pro ce dure that can be ap plied to pub lic and oc cu pa -
tional safety alike, which does not con flict in di vid ual
reg u la tions or spe cific lo cal sit u a tions. Based on the
ECC Rec om men da tion (02)04, health and safety ex ec -
u tives can spec ify clear pro ce dural in struc tions to
cover their ar eas of re spon si bil ity, with out be ing
forced into “do it your self” so lu tions with at ten dant
risk of le gal un cer tainty.
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The ECC Rec om men da tion en vis ages three
cases for eval u at ing sit u a tions in volv ing ex po sure to
RF ra di a tion:
Case 1 – Quick over view,
Case 2 – Vari able fre quency band, and
Case 3 – De tailed in ves ti ga tion

Case 1 – Quick over view is suf fi cient, as all the
mea sured val ues re main be low the De ci sion Level (the 
thresh olds be low the ref er ence level of the In ter na -
tional Com mis sion on Non-Ion iz ing Ra di a tion Pro tec -
tion, ICNIRP, limit val ues or na tion ally-de ter mined
limit val ues). Broad band mea sur ing equip ment is
ideal for case 1. The fol low ing prop er ties are es sen tial
– mea sur ing in stru ments and iso tro pic (non-di rec -
tional) field probes must be ca pa ble of mea sur ing the
root mean square (rms) value [5].

The goal of this pa per is the char ac ter iza tion of RF
elec tric field lev els with an elec tric field probe (Type 8.3)
of the EMR-300 RF ra di a tion me ter [6]. All mea sure -
ments were done at points of around 1,5 m-1,8 m above
the ground/floor and at a dis tance from GSM BS an ten -
nas be yond 1 m (»far-field con di tions«), in the day time, 
be tween 12:00 p. m.  and 16:00 p. m. 

In or der to min i mize the in flu ence of other
sources of RF ra di a tion, GSM BS were se lected ac -
cord ing to the cri te rion that they have to be the sole
source of RF ra di a tion within an 150 m wide area.

Mea sure ments were di vided into four groups:

Group 1 – Mea sure ments on roofs where GSM BS are
.......,[....../mounted,
Group 2 – Mea sure ments in rooms be low GSM BS,
Group 3 – Mea sure ment in rooms sit u ated at about the
...............]level of GSM BS, and
Group 4 – Mea sure ment around masts of GSM an ten nas.

In terms of the as sump tion of valid sur vey points
(4 group of mea sure ments with al to gether 20 ob serv -
ing lo ca tions), our sur vey dis poses of fol low ing fig -
ures: 
– 75 mea sure ment  points in group 1 – on  9 lo ca tions,
– 111 mea sure ment  points in group 2 – on  9 lo ca tions,
– 342 mea sure ment  points in group 3 – on  10 lo ca -

tions, and
– 135 mea sure ment points in group 4 – on 9 lo ca tions.

The se lec tion of the num ber of mea sure ment
points per lo ca tion is di rectly as sessed by [5]: 
– for group 1 – 2-25 mea sure ment  points per lo ca -

tion,
– for groups 2 and 3 – 10 mea sure ment  points per

lo ca tion in places where peo ple spend most of
their time dur ing the day (of fices, liv ing rooms or 
bed rooms), and

– for group 4, omnidirectional an ten nas – 4 mea -
sure ment  points  per  cir cum fer ence  of  cir cles r  =
= 5-150 m; sec tor an tennas – 3  mea sure ment 
points in the di rec tion of “main beam” an ten nas on 
a vi sual dis tance rang ing up to 150 m.

Fig ure 1 is a rep re sen ta tion of  the ac cu mu la tive
per cent age of mea sure ment val ues vs. RF elec tric field 

strength (100 kHz-3 GHz)  for all four groups of mea -
sure ments, in the re gion of GSM BS, in “the worst case 
sce nario” (max i mal value on dis play). Mean ing ful
com par i son is pos si ble only be tween the re sult of EMF 
mea sure ments ob tained fol low ing these meth ods on
one hand and ref er ence lev els and ba sic re stric tions of
con tem po rary safety stan dards (i. e. IEEE C95.1) and
guide lines from the In ter na tional Com mis sion on
Non-Ion iz ing Ra di a tion Pro tec tion (ICNIRP). 

THE EVAL U A TION OF MEA SURE MENT
UN CER TAINTY

The eval u a tion of un cer tainty should be per -
formed fol low ing the ISO/IEC Guide [7]. The Eu ro -
pean Com mit tee for Electrotechnical Stan dard iza tion
(CENELEC) is sued stan dard EN 50413 [8], where
use ful in for ma tion can be found about the iden ti fi ca -
tion of un cer tainty com po nents.

In the high fre quency range RF : 100 kHz-300
GHz), sev eral field types ex ist which should be as -
sessed dif fer ently, de pend ing on the dis tance r from
and the big gest di men sion D of the ra di at ing source.
Ta ble 1 in di cates whether to mea sure elec tric (E) or
mag netic (H) field strength, or both, at dif fer ent dis -
tances from the field source.

Re li able as sess ment pro ce dures have to be able
to dis tin guish be tween the con tri bu tions from dif fer -
ent RF sources and also to es ti mate in di vid ual ex po -
sure. Pos si ble dosimetric ap proaches are the use of fre -
quency se lec tive mon i tor ing equip ment to as sess
vari a tion vs. time, and of fre quency se lec tive equip -
ment like do sim e ters, to as sess in di vid ual ex po sure.
Pro ce dures based on the use of broad band mea sure -
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Fig ure 1. Per cen tile dis tri bu tion of mea sure ment val ues

Ta ble 1. Eval u a tion pa ram e ters for high fre quency
range [8]

Reactive near
field

Radiating near
field Far field

Distance (r) r < l l < r < 2 D2/l r > 2 D2/l

E,H~1/r No No Yes

Z0 = E/H ¹Z0 »Z0 =Z0

To measure E and H E or H E or H



ment equip ment are suit able for ep i de mi o log i cal stud -
ies if one source is dom i nant or if other re li able pro ce -
dures, such as an a lyt i cal cal cu la tions, are ap plied, that
make it pos si ble to dis tin guish be tween the con tri bu -
tions from dif fer ent sources [5].

These are some of the un cer tainty con tri bu tions
[2, 9]:

– probe cal i bra tion, which should be car ried out in
an ac cred ited lab o ra tory,

– fre quency in ter po la tion, due to the fact that the
probe cal i bra tion curve is de ter mined for dis crete
fre quen cies of the ref er ence EMF,
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Ta ble 2. Ex am ple of an un cer tainty bud get for field strength mea sure ment us ing a broad band mea sure ment sys tem [8]

Influence factor Reference Specified
uncertainty [%]

Distribution Division factor Standard uncertainty u(xi) [%]

 Frequency response Calibration report 15 Rectangular 1.73 8.7

 Uncertainty of  
.frequency response Calibration report 14 Normal (k = 2) 2 7

 Linearity deviation Calibration report 3 Rectangular 1.73 1.7

 Uncertainty of linear
.deviation Calibration report 2.5 Normal (k = 2) 2 1.3

 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

Ta ble 3. Ex am ple of an ex panded un cer tainty for elec tric field strength mea sure ment 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

Input quantity Relative uncertainty (dB)
(conf. interval of 95%)

Relative uncertainty (num.)
(conf. interval of 95%)

Relative standard uncertainty
(conf. interval of 66%) u(xi)

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 u c u
i

n

C i xi= =
=
å( ) .2

1
0 27 27% (2.1 dB)

Expanded uncertainty [95%] U = 1.96 uc = 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 u c u
i

n

C i xi= =
=
å( ) .2

1
018 18% (1.4 dB)

Expanded uncertainty [95%] U = 1.96 uc = 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 u c u
i

n

C i xi= =
=
å( ) .2

1
017 17% (1.4 dB)

Expanded uncertainty [95%] U = 1.96 uc = 0.33 33% (2.5 dB)

Note: In put quan tity data are used from Op er at ing Man ual in ref. [6]; Con ver sion: X
x

[ ]dB 20 log
%

100
1= +

æ

è
ç

ö

ø
÷

[ ]

Con ver sion: x X B[ ]% ( )/= - ×10 1 10020[ ]d



– the mea sur ing pro ce dure, fol lowed to es ti mate the
mea sured quan tity and dif fer ences due to dif fer ent
staff car ry ing out the same type of mea sure ment, and

– the ef fects of en vi ron men tal con di tions (i. e. tem -
per a ture, hu mid ity) in the mea sure ment setup.

In tab. 2, an ex am ple of CENELEC stan dard EN
50413 is re ported for elec tric field strength mea sure -
ments per formed with a broad band mea sure ment sys -
tem. Rel a tive com bined stan dard un cer tainty was cal -
cu lated fol low ing the ISO/IEC Guide [7]:

u c u x
i

N

C i i= å
=

[ ( )]2

1

where sen si tiv ity co ef fi cient ci = ±1, re sult ing from a
pre sump tion of the case where the measurand is al -
ready a lin ear func tion of the quan ti ties on which it de -
pends. The rel a tive ex panded un cer tainty is ob tained
by mul ti ply ing rel a tive com bined stan dard un cer tainty 
by the cov er age fac tor k  = 1.96; the con fi dence level is
ap prox i mately 95%.

For com par i son of a mea sure ment re sult with the 
“limit” fixed by the stan dard for hu man ex po sure to
elec tric, mag netic, and elec tro mag netic fields, “to tal
value” (the mea sured val ues plus the ex panded un cer -
tainty) is needed. Based on ref. [9], lev els of field in -
ten sity mea sured with a rel a tive un cer tainty within 3
dB (41%) can be di rectly com pared.

Ta ble 3 pres ents the re sults of mea sure ment un -
cer tainty de ter mi na tion for the iso tro pic elec tric field
probe (Type 8.3) of EMR-300 RF ra di a tion me ter [2,
9]. Case A shown in the ta ble is not in line with the said
qual i fi ca tion.

DIS CUS SION

With the in tro duc tion of the new con cept of mea -
sure ment un cer tainty, all er rors were de fined as stohastic
vari ables and, con se quently, a prac ti ca ble mea sur ing
method was cre ated, suit able for ef fi cient ap pli ca tion in
all sorts of ex per i men tal mea sure ments [2].

Field lev els ob tained with in stru ments hav ing a
rel a tive un cer tainty greater than 3 dB are to be con sid -

ered only in for ma tive. In this case, if the to tal value is
still lower than the limit, there is a strong prob a bil ity
that the “pre sumed” field level is be low the limit. In
other cases, a de ci sion can not be taken and it is nec es -
sary to re peat the mea sure ment with an in stru ment that
can en sure greater ac cu racy.
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ISPITIVAWE  NIVOA  RADIOFREKVENTNOG  ZRA^EWA  U
OKOLINI  GSM  BAZNIH  STANICA  I  PROCENA  MERNE  NESIGURNOSTI

U ovom radu prikazani su rezultati {irokopojasnih merewa nivoa RF zra~ewa u okolini 
GSM baznih stanica javne mobilne telefonije koje se nalaze u blizini naseqa u Beogradu i 12
gradova Srbije. Isti }e biti od koristi u nekom budu}em odre|ivawu nivoa izlagawa
stanovni{tva nejonizuju}im zra~ewima. Pored navedenog, svrha ovog rada jeste i odgovaraju}e
predstavqawe osnovnih informacija o proceni merne nesigurnosti.

Kqu~ne re~i: nejonizuju}e zra~ewe, elektromagnetsko poqe, RF zra~ewe, GSM bazna stanica,
.........................merewe, merna nesigurnost


