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INTRODUCTION
Electromagnetic fields (EMF) actually represents one of the most common and the fastest
growing environmental factors influencing human life. The care of the public community for
the so called electromagnetic pollution is continually increasing because of the booming use
of mobile phones over the past decade in business, commerce and social life. Moreover the
incumbent third generation mobile systems will increase the use of  all communication
technologies, including fax, e-mail and Internet accesses [1 - 3].

This extensive use has been accompanied by public debate about possible adverse effects
on human health. In particular there are concerns related to the emission of radiofrequency
radiation from the cellular phones and from base stations [4-8]

Due to this very fast and wide development of cellular telephony more and more data are
becoming available from monitoring, measuring and predicting electromagnetic fields as
requested by the laws in order to get the authorization to install antenna and apparatus [9,10]
size of the database is such consistent that statistics have been carried out with a high degree
of confidence: in particular in this paper statistical analysis has been focussed on data
collected during about 1000 check measurements of electromagnetic field values performed
by a private company in 167 different located in almost all Italian regions. One of the aim set
consist in to find the most critical factors for the measurements, besides the field
conformation: position in space, logistic conditions, technology employed, distance from the
centre of the antenna, etc. The first step of the study deals with the building of a database
fulfilled with information relevant to the measurements. In a second step, by means of
appropriate statistical procedures, the electromagnetic field is evaluated and then the different
measurement procedures are critically reviewed.

This program has been implemented with the main scope of improving the measurement
procedures in such a way that the mobile phone service providers could rely on a sound base
in planning new installations and running the existing ones. In order to evaluate the
electromagnetic impact of the radiobase stations has been pursued the idea to perform a
statistical analysis of data coming from field high frequency measurements performed during
the years 1999 and 2000 by the SINT company, an accredited company operating in the
sector of radiofrequency controls and electromagnetic field evaluation.. Such analysis allows
to highlight the most relevant factors in measuring process, independently on field
conformation but as a function of given important parameters. In other words, the data related



to the measurements performed in different sites and in different space, time and environment
conditions, have been analysed as function, e.g., of the following parameters [3]:

a) Positioning of antenna;
b) Urban/rural envieronment;
c) technologies;
d) distance from the centre of the antenna;

The above mentioned parameters have a relevant weight in the precision definition and
reconstruction of the electromagnetic fields so that a right and preventive evaluation of their
effect on the actual field value would allow to issue more efficient and confident measuring
procedures.

DATABASE DESCRIPTION
As a first step in the statistical analysis activity a database has been established to collect

all the information relative to the field measurements. This database has been used:
� as a framework for the optimisation of the measurement procedures
� to supply relevant information about the electromagnetic field values, against the

threshold values established by the current Italian laws;
� to allow a sound experimental check of predicted values coming from simulation

models.
The database is built by organizing the data coming from 980 measurements of

electromagnetic fields in the Radio Frequency range (RF). Detailed analysis of the database
let be addressed the following questions:

1.  possibility to define an optimised number of “critical” points for the measurement
needed and sufficient to assure reliable results, by taking into account the most
important factors affecting the electromagnetic field value;

2. evaluating each parameter by considering both the measurement procedures and the
environmental impact;

3. improving the time schedule and the time spans needed to perform the measuring
activities.

In particular the database fields and sub-fields chosen as important parameters in the
statistical analysis are:  

� type of antenna with the following details: 
o Azimut of the irradiation lobe (Az [degrees]); 
o Mechanical tilt (T [degrees]);
o Maximum antenna power (PM [W]);
o Transmission power (PT [W]);

� parameters characterizing the measurement points,  in details:
o Distance between radioelectric centre of the antenna and the ground (H [m]); 
o Azimut of the measurement points (Ap [degrees]);
o Horizontal distance between antenna and measurement point (d [m]);



o Height difference between the radioelectric centre of the antenna and the one of
the used probe (�H[m]);

�  Values of the electric field measured (E [V/m]).

By using the database and applying adapted statistical procedures (predicted or expected
values, analysis using graphs and histograms, average and variance calculations, correlations,
etc.) the electromagnetic field has been correlated to the above cited parameters. The
measurement procedures and techniques have also been critically analysed: it is important to
stress that the measurement set, involving the entire Italian national territory, was randomly
built.
Each site investigated has been characterised through the following measurement point
choice: for each radiobase station installed in a given site several measurement have been
performed against  “main directions”, “sensitive” points existing in that particular territory
and other critical parameters. From the analysis of the database arises that, on average, for
each site measurements in 6 different points have been carried on and that the field values
results are distributed according to a Poisson probability distribution.
The measurements have been performed in broad band by using following instruments:

� Wandel & Goltermann EMR 200 (sensitivity 1,2 V/m);
� Wandel & Goltermann EMR 300 (sensitivity 1 V/m);
� PMM 8053 EP 330 (sensitivity 0,3 V/m).

DESCRIPTION OF THE DATA STATISTICAL ANALYSIS:
In Table 1. have been summarized the statistical characteristics of electric field E values: 

Parameter Value (V/m)
Average 1.18
Median 0.5
Mode 0.5

Standard deviation 1.62
Sample variance 2.62

Minimum measured value 0,15
Maximum measured value 22,5

Table 1- statistical parameters  evaluated for the electric field E using the 980
values of the available sample 

From the reported analysis it is possible to understand that the electric field distribution has a
very high skew ness taking into account that the range between the minimum value and the
maximum value of the electric field E is quite spreaded.

In Table 2. is reported the frequency distribution and the cumulated relative frequency
distribution of the field E in step of 0.3 V/m. The corresponding histograms are represented in



Fig. 1. The histograms , the average value and standard deviation values reported in Table 1
confirm that data are distributed according to a Poisson distribution curve.

Class Range (V/m)
Absolute

 frequency 
 cumulative relative

frequenzy
1 ]0-0,3] 104 10,61%
2 ]0,3-0,6] 510 62,65%
3 ]0,6-0,9] 38 66,53%
4 ]0,9-1,2] 68 73,47%
5 ]1,2-1,5] 53 78,88%
6 ]1,5-1,8] 40 82,96%
7 ]1,8-2,1] 29 85,92%
8 ]2,1-2,4] 25 88,47%
9 ]2,4-2,,7] 14 89,90%
10 ]2,7-3,0] 20 91,94%
11 ]3,0-3,3] 9 92,86%
12 ]3,3-3,6] 11 93,98%
13 ]3,6-3,9] 11 95,10%
14 ]3,9-4,2] 5 95,61%
15 ]4,2-4,5] 7 96,33%
16 ]4,5-4,8] 2 96,53%
17 ]4,8-5,1] 4 96,94%
18 ]5,1-5,4] 5 97,45%
19 ]5,4-5,7] 1 97,55%
20 ]5,7-6,0] 3 97,86%
21 ]6,0-6,3] 0 97,86%
22 ]6,3-6,6] 3 98,16%
23 ]6,6-6,9] 2 98,37%
24 ]6,9-7,2] 1 98,47%
25 ]7,2-7,5] 3 98,78%
26 ]7,5-7,8] 2 98,98%
27 ]7,8-8,1] 2 99,18%
28 ]8,1-8,4] 0 99,18%
29 ]8,4-8,7] 1 99,29%
30 ]8,7-9,0] 0 99,29%
31 ]9,0-9,3] 2 99,49%
32 ]9,3-9,6] 1 99,59%
33 ]9,6-9,9] 0 99,59%
34 ]9,9-10,2] 0 99,59%
35 ]10,2-10,5] 1 99,69%

others ]10,5-30] 3 100,00%
Table 2. Frequency distribution and  cumulated relative frequency distribution of the

field E in step of 0.3 V/m
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Fig.1: Histograms of the electric field E values

Table 2. and Fig. 1 clearly show that most of measured values for E stand below the so called
“attention value” of 6 V/m reported in  D.M. 381/98 [10] and referring to zones where people
live for more than 4 hours per day.. In more details, out of 980 measurements, only 21,
representing the 2% of the entire sample, are above the “attention value”, while 959, 98% of
the sample, are below this threshold. It is worthwhile to notice (see Table 2.) that all the



values, but one (22V/m), are below 20 V/m that is the “attention value” for zones where
people stand for less than 4 hours per day, as reported in the same cited D.M. 
This result, obtained in rather general conditions and for a representative set of data, confirms
that electromagnetic field values related to the presence of radiobase stations on the Italian
territory is confidently below the limits fixed by the Italian legislation, which is, furthermore,
one of the most restrictive among the limits estabilished in the rest of the European
Community.
In other words the performed analysis indicates that the radiobase stations do not have a
strong environmental impact, at least as far as the compliance with the legal limits of
electromagnetic emissions, but without any concern with the landscape aspects. Moreover it
has to be stressed that all collected data are relative to measurements performed in a given
time and in few points: no information can be confidently drawn on what could happen to the
electromagnetic emission as function of the time and in spatial points different from the ones
considered.
In order to improve and optimise the measurement procedure, it is necessary to carefully
consider the dependence of the field values from the distance between the measurement point
and the source. To this end, in Figg. 2 and 3 are reported the histograms of the
electromagnetic field values for distance less than 5 and 10 m, respectively. These
information are relevant for the choice of the “critical points” for the measurements. As
matter of fact they give valuable indications on which zone around the emitting station
deserves more attention in the monitoring activity.
From Fig. 2 it is clear that already within zones characterised by a distance below 5m from
the emitting station, the electromagnetic field presents values that are mostly below the limit
of 6V/m. For distance between 5 and 10 m (Fig. 3) only one value, out of around 100, is
above 6V/m. The general trend is the expected one on the base of 1/r dependence of the
electromagnetic field, being r the distance between the source and the point where the field is
measured.
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Fig. 2 – Histogram of the electric field values for distances from the emitting station
below 5m (see text for details)

The Fig. 3 shows the histogram of the field values for distances in the range 5-10m from the
emitting station. From the histogram results that class characterised by the highest frequency
corresponds to the range 1-2V/m. It has to be noticed that such distances are typical of urban
sites if it is taken into account that normally an antenna is installed on the roof of buildings on
poles 2-3m high. As a result the measurement points (normally in the same building and/or in
the surrounding buildings)   are most likely at distances higher than 5 meters. Then the present
analysis shows that for typical distances from the emitting station existing in urban sites a
typical range for the field values is 1-2 V/m, certainly below the “attention limit”, but still
deserving “attention” as far as the “long term” health effects are concerned. 
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Fig. 3 – Histogram of the electric field values for distances from the emitting station
between 5 and 10m (see text for details)

CORRELATION 
When considering the different parameters above discussed and summarised in Table 3.and
entering  the measurement of the electric field, it is interesting to study the possible
correlations existing between them and the electric field.

In particular for each couple electric field-parameter it could be found the curve that best fit
the data obtained from the measurements and then calculate R (the correlation coefficient) in
order to check the quality of the fit, normally performed by means of least square methods.

In Table 3. are reported the R values in the hypothesis of a linear correlation between the
different couples of parameters.

E
H 0,051
Az 0,025
PM 0,034
PT -0,041
Ap 0,039
d -0,209

�H -0,183
h 0,218
E 1

Table 3: Coefficient of linear  correlation between electric field and other measurement parameters .



From the R values reported in Table. 3 it results a clear correlation between the electric field
values and variables related to the distance between emitting stations and measurement points.
To better describe this correlation the variable r, linear distance between antenna and
measurement point, has been introduced. The distance r is related to the distances d and �H

by the following relation: 

y = -0,0097x + 1,6463
R2 = 0,0466
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Fig.4 Electric field vs. the distance r between emitting sources and measurement
points (see text for details on the interpolating curve)

Fig. 4 reports the electric field vs. r together with linear regression curve obtained from a best
fit procedure, that resulted in a linear correlation coefficient R = - 0,22, of the same order than
the linear correlation coefficients between E and h and �H separately.

On the other hand by using a different functional dependence as: 
E = 2,926r-0,3906

the value of R obtained is  0.39 clearly higher than the value obtained with the “linear”
correlation. The interpolated curve is reported in Fig. 5.

22 Hdr ���



y = 2,926x-0,3906

R2 = 0,1501
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Fig.5 Electric field vs. the distance r between emitting sources and measurement
points. The interpolating curve corresponds to a power law dependence (see text for

details)

It is then confirmed and detailed the expected dependence of the electric field from the
distance between source and measurement point. The results reported in Table 3. show a
surprising lack of correlation field and transmission power PT. This correlation lack arises,
most likely, from the fact that the power data included in the conformity reports established
by the SINT company are values not measured but calculated by using the number of main
components for each operation frequency and the transmission power declared by the
provider for each frequency carrier. As a consequence this value has no link to the effective
measured value of the field, that is related to the actual transmission power during the
measurement. As following of the present study it is planned to calculate, , the transmission
power value starting from the field measurements and by the means of appropriate
mathematical models. In such a way there will be the possibility to compare the value
declared by the base station manufacturers in the technical datasheet and by the providers for
each individual installation. 

SUMMARY AND CONCLUSIONS
In this work a statistical analysis of data collected during 1000 check measurements of

electromagnetic field performed in 167 sites spread in different Italian regions in the
frequency range (.8-2GHz) used in the mobile phone domain has been performed. This
analysis has been carried out thanks to the implementation of a database with all the relevant
information concerning the measurements.
The results obtained show the high reliability of the measurements performed, both from a
qualitative and a technical point of view, showing, a the same time, some peculiar difficulties
of the measurement process. Moreover the results show that, for the checked SRB, the
electromagnetic field values are below the Italian legal threshold. In particular only 2% of the
electric field values stand above the threshold of 6V/m, which is the limit set by the DM
381/98 for the range of RF in zones frequented for more than 4 hours per day.

http://www.who.int/emf
http://www.rsc.ca/
http://www.iegmp.org.uk/
http://www.doh.gov.uk/mobile.htm
http://www.nrl.moh.govt.nz/


The correlation analysis between the electric field and all the possible parameters that could
affect its value have confirmed the expected dependence of the electric field from the distance
between the sources and the measurement point. The actual power law dependence for the
considered measurement sample has been deduced. No correlation has been found between
the electric fields measured and the emitting station power values declared by the providers.
Implementation of mathematical models are planned in order to study other possible simple
and/or multiple correlation between the measured fields and the rest of the parameters
included in the database, together with measurements performed continuously on time spans
of days and/or weeks
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