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1. Introduction 
 

This paper presents the monIT Project, a risk communication 
initiative, providing information to the public on exposure to radiation 
associated to Electromagnetic Fields (EMF), and performing activities of 
exposure assessment. 

monIT is developed within Instituto de Telecomunicações (IT) Lisbon 
site at Instituto Superior Técnico (IST, Technical University of Lisbon, 
Portugal), which is a non-profit scientific R&D institute with activities in the 
Telecommunications area. 

monIT started in 2004 in the context of an emergent general public 
concern about possible health hazards caused by radiation from mobile 
communication antennas, most of the times rooted in misconceptions about 
the involved aspects, aggravated by the lack of trusty sources of 
information capable of presenting it in a simple understandable way. 

An objective evaluation of the risk requires the quantification of EMF 
levels to which the population is exposed. Systematic information of this 
type was not openly available in Portugal, and this was one of the gaps that 
monIT filled in, by providing results from extensive measurements campaigns 
performed in public places over the country for a period that presently 
mounts to three years. The monitoring system is based on a network of 
autonomous remote probing stations, and also on an extensive EMF sounding 



program. Measured results are automatically uploaded to a website for 
public dissemination (www.lx.it.pt/monit), which includes also other 
relevant information about EMF for both the general public and the 
technical community. 

This paper describes the project structure and activities in Section 2, 
the automatic monitoring system in Section 3, and a brief analysis of the 
measured results in Section 4. Finally, some conclusions are presented in 
Section 5. 
 
2. Project Overview 
 

monIT embraces several activities of content development, production 
and management. Besides the measurement of radiation associated to EMF, 
described in Section 3, another important activity is information production, 
which requires a continuous effort of investigation and research over the 
most various knowledge areas. 

monIT went through two main phases: the first one concerned the 
development of the Monitoring and Information System (MIS), including the 
definition of the measurement protocols, while the second (and current) one, 
deals with the measurement campaigns, the content production and 
management, the direct information actions, and R&D on related topics. 

The MIS includes the electromagnetic radiation measurement network 
and a web-based system for management and dissemination of results and 
information. The main guidelines when designing this system were:  
• development of two types of electromagnetic radiation monitoring, i.e., 

continuous monitoring using autonomous remote stations with wireless 
transmission of logged data, and localised measurement campaigns 
conducted in public places; 

• use of programmable remote monitoring stations, and design of the web 
interface for automatic data upload and web publishing with minimum 
manual intervention; 

• use of the website as the public interface for all project activities, in 
Portuguese, and presentation of results in a way that can be easily 
understood by the general public, but also providing information for the 
technical and scientific community. 

Figure 1 shows the website homepage, where it is possible to access: 
• reports from both continuous and localised monitoring performed across 

the country, containing maps and schematic info on measurement site 
location, photos, signal level spatial distribution, and analysis of the 
compliance with safety thresholds; 

• basic information about EMF, safety thresholds and their effects on 
health, and also about mobile communications in general; a glossary of 
important concepts being presented as well; all this information is 
explained in plain non-technical language targeting the general public; 



• advanced information on EMF and mobile communications, intended for 
an audience with technical background, including updated references to 
relevant studies and documents, produced by both project’s team and by 
national and international reference institutions; this page also includes 
the Portuguese legislation regarding EMF; 

• links to various websites of both national and international entities that 
are working in the area; 

• a news section, with an updated account of measurement campaigns, 
dissemination actions, and new documents added to the information 
section of the website; 

• a FAQs (frequently asked questions) section about EMF basics, their 
effects on human health, about mobile communications in general, and 
also about the measurements performed within the project. 

The whole website content is written in Portuguese, since the project 
intended to fill in the gap in this language; nevertheless, there is also an 
English version of some of the main pages, so that a non-Portuguese reader 
can have a glimpse of the project activities. 

 
Figure 1 – monIT project web page screenshots (www.lx.it.pt/monit) 

 
3. Electromagnetic Radiation Measurements 
 
3.1 Initial Considerations 
 

The question “when are biological effects caused by radiation 
absorption harmful to health?” is the key point for the establishment of 
safety thresholds related to EMF. The safety thresholds must ensure that 



the biological effects caused by radiation absorption are not harmful. As it 
is not practical to measure directly the EMF energy that is absorbed by the 
human body, the thresholds are translated into reference values for some 
electromagnetic quantities, such as power density (S) and electric (E) and 
magnetic (H) field strengths, which can be easily measured outside the body. 

The reference values adopted in Portugal follow the European Union 
Council Recommendation for general public protection [1], which is based on 
ICNIRP recommendations [2]. Table 1 shows these reference levels (average 
values) for whole body exposure, for general public in uncontrolled 
environment and with exposure time longer than 6 minutes. 
 
3.2 Continuous Monitoring 
 

The continuous monitoring has the purpose of studying the variation 
of EMF levels along the day at the installation place, in a continuous 
manner. At the same time, it also intends to evaluate compliance with the 
reference thresholds. 

The continuous monitoring is based on autonomous remote probes 
located at several locations across the country, forming a remote monitoring 
network, Figure 2 and Figure 3. 

 
Table 1 – Reference levels (average values) for general public (extracted 

from [1]). 

Frequency (f) E [V/m] H [A/m] S 
[W/m2] 

3-150 kHz 87 5 --- 
0.15-1 MHz 87 0.73/f --- 
1-10 MHz 87/f ½ 0.73/f --- 
10-400 MHz 28 0.073 2 
400-2000 MHz 1.375 f ½ 0.0037 f 

½ 
f/200 

2-300 GHz 61 0.16 10 
 
This equipment is autonomous regarding energy supply, and 

autonomously uploads stored data to a remote control unit through a 
wireless link. Basically, the remote probe is composed by a field probe, 
various electronic devices, two solar panels for internal battery charging, 
and a GSM modem for data upload. An E field probe is used, which operates 
in the frequency band within 500 kHz – 3 GHz. Thus, the measured E value 
includes contributions from every radiation source in this band, such as 
radio and TV broadcast, mobile communication systems, radars, among 
others. As one can see from Table 1, the strictest threshold in this case is 
28 V/m, which is used as reference value in the project. 



The setting up of a remote monitoring network requires a process of 
location selection in collaboration with local authorities, fulfilling some 
important conditions for installation: 
• proximity to mobile communications systems antennas; 
• proximity to public areas; 
• adequate solar exposure level; 
• good security conditions, concerning vandalism and atmospheric 

conditions; 
• easiness of installation. 

 

  
Figure 2 – Remote monitoring 

equipment. 
Figure 3 – Electric field probe. 

 
All the remote station functionalities can be remotely programmed or 

monitored through a dedicated control application. Examples are the setup 
of data upload schedule, exceptional manual data uploads, event alarm 
monitoring and setup, etc.. 

For an accurate monitoring operation, a system for automatic 
processing of the data acquired from all probes was developed and 
implemented. Several specific software modules for transport, analysis, 
validation, storage and graphic generation of all information sent by each 
remote station compose this system. All these modules work together with 
the control software, allowing the system to be fully automatic. Figure 4 
shows the whole process, from EMF levels acquisition to results publication 
at the website. 

Electric Field 
Probe



The station is continuously monitoring EMF, and storing this data in 
its internal memory. Daily, at a pre-defined schedule, the data from the 
previous day is sent via GSM to a central unit (PC for data reception). Then, 
a software module developed by the project’s team carries this information 
from the central unit to a server, where the received data blocks are 
analysed, in order to scan and eliminate duplications and other possible 

errors that might have occurred in the transmission system. 
 
 
As the control software is unable to automatically request new data if 

an error occurs, another application was developed by the project’s team, 
which controls and checks for possible errors that might have occurred. This 
application, based on the configuration of the remote stations, checks the 
data files of each station, requesting a new transmission if the data file is 
incomplete or missing. In case a new transmission is requested, it has to 
terminate the control application and request new data from the station 
sending specific commands through the GSM network. Then it starts the 
control software again, and it re-enters the checking mode. 

After this process, the received and processed information is then 
stored into a database, forming a register of all performed measurements, 
for each remote equipment, at a specific location. The information is 
organised in a way that allows an automatic production of graphical 
representations on the website according to the visitors’ preferences. 
Everyday, as new data is received, the graphics presented in the website 
are automatically updated. The website visitor has the option to choose the 

Figure 4 – Remote monitoring process. 
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extent of the data period to be displayed (between one day, one week, one 
month and the whole data). The software modules responsible for the data 
processing within the database were developed in the Perl language. These 
modules, together with the static part of the website (in HTML), compose 
the final product presented to the visitor. 

 
3.3 Localised Monitoring 
 

Localised monitoring evaluates if a specific place is in conformity with 
EMF exposure levels. The project’s team carries out this type of monitoring 
systematically, by performing measurement campaigns all over the country. 
Measurement sites are public places in close proximity to base station 
antennas; sensitive areas, such as schools and hospitals, are preferred. 
“Spot” measurements in specific positions are performed, disregarding 
“worst case” situations – e.g., in terms of traffic variations along the time 
of a day. As discussed in [3], the time variation may, at most, amount to a 
factor that is not likely to exceed 5  for GSM base stations. Thus, for the 
large majority of the cases, time variation will not affect compliance with 
exposure guidelines. 

The measurement procedure uses a portable device composed of an E 
field probe. Similarly to the continuous monitoring probes, the strictest 
threshold of 28 V/m is considered, Figure 5. 

 

Measurement device 

Electric field probe

 
Figure 5 – Portable measurement equipment. 

 
Localised monitoring is based on a measurement procedure [4], which 

does not establish any strict criteria on how to choose the points where to 
perform the measurements. Hence, based on [4], a procedure was developed 
by the project’s team [5], to select the points where to perform the 
measurements. According to the number of reference base stations, to the 
antenna(s) installation topology, to the propagation environment, and to the 
local geometry, the points where to perform the measurements are chosen. 
Figure 6 gives an example of the paths definition for points’ selection. 



For all situations where measured values are below the decision level 
(a value that is a certain amount of times below the most strict reference 
level, set by the National Administration), one may conclude that radiation 
levels at the measured site are in conformity with safety thresholds. 
Measurement results are then published on monIT’s website. 

 

\

Antenna

 
Figure 6 – Identification of paths to choose measurement points for a single 

reference base station. 
 
For each of the monitored sites, a detailed report is produced and 

then made available at the website. This report contains photographic and 
schematic information of the location, allowing website visitors to easily 
identify where the measurement was performed. The measured E field 
values are also presented as well as their graphical information and 
comparison with the safety levels. The information is presented in a way 
that allows anyone who wishes to replicate the same measurements on the 
same points to compare the results. Some technical information and 
conclusions about the study are also presented, being also possible to the 
website visitor to print the complete report. All the information contained 
on these reports is introduced on a database integrated in monIT’s server, 
through a dedicated software application. This module is responsible for the 
production of reports in a pre-defined way, based on the data from the 
measurements. Through the back-office of the website, the project’s team 
inserts all data from the report, and the report is automatically made 
available online. 
 
4. Measurement results 
 

As described in the previous section, measurement campaigns are one 
of the most important components of monIT. In this section, the results from 
both continuous and localised measurements are presented and discussed. 

The project’s team has already carried out localised measurements in 
the whole national territory. Until now, 342 sites were monitored in all the 
regions of the country, with a total number of measured points reaching 
1 588; a total of 7 indoor and 335 outdoor measurements were performed. 



Most of the measurements were performed 1.5 m above ground, but in some 
situations (e.g., antennas located in front of a balcony), depending on the 
site characteristics, the measurement was performed 4 m above ground. 
Almost all of the performed measurements were performed in urban 
environments for macro-cells, but some micro-cells were also measured, 
especially in the large cities. 

Figure 7 summarises the results obtained in all the measured spots, 
related to the most strict reference level of 28 V/m. The main conclusion is 
that, until now, there are no values registered above the strictest reference 
level. One may observe that in the majority of the measured points, 61.7 %, 
E is at least 32 times below the strictest level, and that 96.6 % of the points 
are at least 10 times below that threshold. The points with the highest 
values so far were measured indoors, in the Lisbon airport, which can be 
easily explained by the smaller distances between the antennas and the 
points where the measurements were performed. 

 
Another interesting result is the plot of the values obtained in all the 

outdoor measured spots as a function of the distance to the antenna, Figure 
8. As one may observe, the distribution of all the measured points is almost 
independent from the distance to the antennas, meaning that for each 
distance there are higher and lower field values. This can be explained by 
several factors, namely the number of base stations considered in each 
measurement, the different types of base stations measured (e.g., different 
installation topology and transmission power, the neighbourhood of the site, 
etc.), and the traffic variations along the time. The fact that the equipment 
is wideband can also explain this, because in many sites there are also other 
transmitters (radio, TV, security forces, etc.) present, besides the base 
stations being considered. With this graph, one can conclude that in real 
environments the distance to the antenna is almost irrelevant in the 
evaluation of the risks of exposure to the EMF. Nevertheless, an upper 
bound line to all the points can be estimated, allowing one to have a simple 
indication of the maximum E field value for a given distance, according to 
all the measured points so far. 

strictest reference level

10 x below

32 x below

100 x below

3.2 x below

28 V/m

8.8%

52.9%

34.7%

3.2%

0.4%

0.0%

Figure 7 – Global Statistics.



For the continuous measurement results, up to now, 73 sites were 
continuously monitored, for a time period of at least 3 months. In all cases, 
E is below the strictest radiation exposure level, independently of the 
considered hour and day, variations along the time of the day being almost 
insignificant compared to the threshold. The project’s team manages 15 
stations simultaneously, usually distributed in three cities. After a 3 month 
period in each city, the stations are relocated to another one, allowing the 
project’s team to spread the monitoring network for different places along 
the country. 

Figure 9 illustrates an example of how continuous monitoring results 
are presented in the website. Besides this case, where the E field behaviour 
is shown for the previous day, the user can also access the last week or 
month, or the overall measurement period. 

At the end of each monitoring period, a report is produced with the 
main results obtained during all this period, and distributed to local 
authorities. 

 
Figure 8 – Field values in all outdoor measured spots. 
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5. Conclusions 
 

The monIT project emerges as a risk communication initiative, 
intended to fill in gaps on knowledge and on information about exposure to 
EMF at the national level in Portugal. It is a pioneer project in Portugal (but 
also at the international level) in terms of the information provided and of 
the way measurement results are available at its website. 

Website contents were drawn to provide two levels of information: a 
basic level, accessible to the general public, and an advanced one, with 
technical language for the interested specialised community. 

Measurement campaigns are one of the most important parts of monIT. 
Two kinds of measurements are performed, continuous monitoring and 
localised monitoring. 

The system developed for processing of continuous measurement 
results is completely automatic. Remote stations located at the monitoring 
sites send data files, and the results are validated and updated on a daily 
basis on the website without manual intervention. Results from these 
measurements show that EMF levels in all the analysed sites are below 
safety levels. Another important conclusion is that magnitude of the EMF 
levels variations through time is not significant, compared with the 
difference between the measured values and the safety limits. 

Results from measurement campaigns in 342 sites over Portugal show 
that EMF levels are below safety limits for general public in all of the 
measured spots, so, there was not any value registered above these limits; 
61.7 % of the measured points are at least 32 times below the strictest 
level, and that 96.6 % of the points are at least 10 times below that 
threshold. In the continuous monitoring, 73 sites were already evaluated for 
a time period of at least 3 months. One may conclude that all analysed 
sites, in both localised and continuous monitoring, are in conformity with 
current safety threshold for exposure to EMF. 

The monIT Project is near 3 ½ years of activities. Although it is 
possible at this time to access a large quantity of information and 
measurements results, a continuous update of contents and realisation of 
measurements campaigns will continue. In the future, detailed frequency 
measurements will also be performed. 
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