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ABSTRACT 

The aim of this study is to provide measurements of the electromagnetic field due to the ‘electrosmog’ emitted by some 
home electronic devices in the range of microwaves frequencies. The enormous increase in the use of mobile telephony 
throughout the world, microwave ovens, cordless phones and other high frequency home utilities suggests accurate 
measures of microwaves power density emitted by such devices to check that the exposure limits suggested by the In-
ternational Commission on Non-Ionizing Radiation Protection are not exceeded. Measurements were carried out by a 
Narda SRM 3000. Spectrum analysis mode was chosen as a preliminary analysis to quantify the frequencies intensities 
of electromagnetic waves. Time analysis was successively conducted to operate selective and continuous measurements 
at a fixed frequency, allowing temporal check of power density and the related electromagnetic field components emit-
ted by high frequencies home electronic devices. 
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1. Introduction 

The achievement of electronics in all technological sec-
tors and the growing demand for electric power have 
generated exposures of living beings to high frequencies 
electromagnetic field (HF-EMF). 

Power lines, electric generators and motors, electric 
appliances, electronic devices and wireless communica-
tion systems generate electric and magnetic fields. 

EMFs are produced everywhere in our homes, be-
cause of electrical wiring and very common devices 
such as electronic household appliances, mobile phone, 
microwave ovens, computers or television sets. Sig-
nificant changes are afoot in the telecommunications 
sector, thanks to progress made in the new UMTS 
technologies, which allow the transmission of huge 
amounts of data on the airwaves and signal repeaters or 
mobile phone aerials.  

All these technological environment produces a con-
tinuous electromagnetic waves emission, a phenomenon 
that has come to be known as ‘electrosmog’, a term 
coined in the 1970s. The part of the word ‘smog’ derives 
from the description of heavy industrial pollution where 
a mixture of smoke and fog produced horrendous clouds 
of air pollution in cities due to industrial processes. Elec-

trosmog describes the dirt of electromagnetic pollution 
that is invisible and undetectable. It can be considered as 
the sum of all radiation coming from artificial sources in 
our environment. 

The radiation produced by electrosmog can be broken 
down into different types.  

Electrical fields are generated between two poles of 
opposite electrical potential. The closer these poles are to 
each other the stronger the field between them. It is not 
necessary for electrical current to flow in order to gener-
ate an electrical field because electric fields occur when-
ever a voltage difference occurs. Hence, any electrical 
device whether switched on or off will be a source of 
electrosmog. This is particularly true for cables hidden in 
walls and floors and therefore they represent a potential 
source of extremely low field (ELF) electromagnetic 
radiation. 

Electric field component is usually not very strong in a 
building. High electric-field areas are found near TV or 
computer monitors, fluorescent lights or light dimmer 
controls and a safe distance from the field source is 1 
meter at least. Electric fields are high near high-voltage 
power lines, but these fields rarely penetrate into a house.  

In contrast, magnetic field component is much more 
common at home than electric field. Magnetic fields are 
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generated when electricity flows through electrical con-
ductors. Like electric fields, they produce current in the 
body. Most of the recent health concerns have been about 
magnetic fields.  

The main sources of ELF magnetic fields are electrical 
appliances, power lines or underground power cables, 
transformers, motorized equipment, computers and any 
modern electronic equipment.  

New wireless technologies produced the electromag-
netic contamination as electrosmog in the ranges of ra-
diofrequency (RF) and microwaves (MW) generated by 
HF-EMFs. RF frequency range occurs from 100 kHz to 
300 MHz, MW are at frequencies falling between 300 
MHz and 30 GHz on the electromagnetic spectrum. Al-
most all RF-MW radiation is man-made, produced by 
satellites, radar, radio, mobile phone, baby-phones, cord-
less telephones, bluetooth and more, in order to enable 
technical applications such as signals traveling over long 
distances. 

HFs EMF can be produced either by nearby transmis-
sion towers or by central stations of mobile phones, 
while the field of a low frequency is mainly spread by the 
equipment in the home, as well as by electrical wiring.  

Since 1970s, base stations for mobile telecommunica-
tion have been spreading across the urban centres, in-
creasing the electromagnetic contamination in the RF- 
MW range.  

Mobile phone devices use electromagnetic radiation in 
the microwave range, at frequency bands usually close to 
900 and 1800 MHz that can interfere in the nervous sys-
tem of organisms.  

In spite of the great number of studies performed, 
knowledge about the adverse effects of RF and MW ra-
diation on human health, or the biological responses to 
their exposure, is still limited [1,2].  

Many scientific studies have investigated possible 
health effects of mobile phone radiations. An assessment 
published in 2007 by the European Commission Scien-
tific Committee on Emerging and Newly Identified 
Health Risks (SCENIHR) concluded that no significant 
health effect has been demonstrated from mobile phone 
radiation at normal exposure levels. However, more 
studies concerning potential health effects on children are 
needed [3]. 

Some scientific studies focused on the danger of MW 
radiation for health in humans and animals [4]. It was 
demonstrate that animals exposed to RF-MW field in the 
vicinity of transmitting antennas show conspicuous ab-
normalities [5,6]. 

It was found that RF-MW radiations produce a re-
sponse in many types of neurons in the avian Central 
Nervous System [7]. MW radiation emitted by mobile 
phones can affect central cholinergic activity in the rat [8] 

and their learning memory tasks [9]. Furthermore, effects 
on blood-brain barrier permeability [10,11] and oxidative 
damage in brains tissues [12] were observed.  

Karinen et al. [13] demonstrated that protein expres-
sion in human skin can be affected by the exposure to 
RF-EMF. Calabrò et al. [14] observed changes in 
heat-shock proteins expression of human neuronal-like 
cells exposed to MW radiations. In addition, several 
studies proved that the exposure to RF-MW radiation can 
alter DNA and gene structures [15-17].  

In view of previously effects of RF-MW radiations, 
various authorities have long defined limit values to pro-
tect people from excessive exposure. 

National radiation advisory authorities have recom-
mended measures to minimize exposure to their citizens, 
following the Guidelines for exposure limits to electro-
magnetic fields of the International Commission on 
Non-Ionizing Radiation Protection (I.C.N.I.R.P.) [18].  

However, it becomes necessary to avoid overexposure 
to electromagnetic waves and to make sure that installa-
tions are carefully and regularly monitored. Hence accu-
rate measures need for monitoring power density and 
EMF emitted by the most used electronic devices in our 
home, particularly those emitting RF-MW radiations. 

2. Materials and Methods 

The value of electrosmog is generally measured by 
means of monitoring stations located in the vicinity of or 
inside the critical zones. The instrument used is available 
not only to the cantonal or local council authorities, but 
also to the population.  

Electrosmog-meter-detector such as Gaussmeter, Teslameter, 
ELF-meter, are needed to measure the level of ELF-EMF 
produced by power lines, computers, TVs, kitchen ap-
pliances, enabling to find hidden sources of ELF fre-
quency magnetic fields, and determining the effective-
ness of eventual electric shielding devices.  

HF-meter/detector can be used to measure the elec-
tromagnetic field emitted by high frequency appliances 
and devices. 

A SRM-3000 instrument of Narda Safety Test Solu-
tions was chosen to measure the electromagnetic field 
components related to three typical high frequency home 
utilities. Narda SRM 3000 frequency range can vary 
from 100 kHz to 3 GHz. It was linked through a cable to 
a Narda three axis antenna covering the frequency range 
from 75 MHz to 3 GHz, determining the three spatial 
components of the EMF being measured. 

The “Spectrum Analysis” mode of the device was 
chosen as preliminary analysis. This function enables to 
detect and quantify the frequencies values relative to the 
electromagnetic waves impinging the three axis antenna. 
Hence, in Spectrum Analysis mode all the field compo-
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nents in the environment can be detected and measured. 
The frequency range in Spectrum Analysis can be set by 
entering the upper and lower frequencies. Spectra analy-
sis represented in Figure 1 and Figure 3 were carried out 
by setting a narrow frequency range so that the maximum 
number of frequencies can be detected. 

Otherwise, only signals which are separated by a fre-
quency greater than the defined resolution bandwidth 
(RBW) can be distinguished from one another. Hence the 
RBW characterizes the selectivity of the spectrum ana-
lyzer in respect of signals having the same amplitude.  

The SRM-3000 can automatically define a suitable 
RBW, depending on the selected frequency span. This 
function gave the value RBW = 6 MHz for the spectral 
analysis shown in Figure 1 and Figure 3. 

The Average Mode was chosen as result type, and the 
average of the measured values were taken over a num-
ber of 16 results. 

In “Time Analysis” mode, the device can provide se-
lective and continuous measurements at a fixed fre-
quency, allowing temporal check of power density of 
radiation. In addition the intensities of the related electric 
and magnetic field components can be monitored. This 

operating mode is ideal for timer-controlled measure-
ments since the instrument mode enables one to carry out 
selective measurements at a defined frequency, to moni-
tor the EMF level at the selected channel.  

This operating mode function produces that RBW can 
be selected to match the channel bandwidth, averaging 
over a user defined time period, e.g. 6 minutes. Better 
results were obtained at RBW = 5 MHz. 

Spectrum and Time analysis results were transferred to 
a PC for monitoring the electromagnetic components 
related to the RF-MW emitted during some conversations 
by mobile phones and cordless telephones, and during 
microwave ovens working. 

Mobile phones, microwave ovens and cordless tele-
phones have been considered the most representative 
home electronic utilities emitting in the range of MW 
radiation. 

The mobile phones Nokia 1208, LG model U8330, 
Motorola V635, the microwave ovens Whirlpool Model 
AVM 541/WP/WH, Termozeta MW 250 D, Samsung CE 
137, and the cordless telephones Brondi DC3010, Sie-
mens Gigaset A38H, were used to measure MW radia-
tion emitted during their working. 

 

 
Figure 1. A representative spectrum analysis of the electric field component measured by Narda SRM 3000 at 2 cm from a 
mobile phone Nokia 1208 during a conversation. The limit of 59 V/m suggest by the ICNIRP for the electric component was 
exceeded at 1766 MHz. 
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Figure 2. A typical time analysis of the magnetic field component measured by Narda SRM 3000 at 2 cm from a mobile phone 
Nokia 1208, with respect to a frequency centred at 1757 MHz during an exposure. 
 

3. Results and Discussion 

A typical house consists of a matrix of wires throughout 
the walls and ceilings. Moreover home devices or appli-
ances are particularly MW sources, above all mobile 
phones and transmission masts, Wi-Fi systems and cord-
less phones. 

First, we must differentiate between thermal and 
non-thermal effect of RF-MW radiations.  

Whereas electric currents flow inside the body when 
ELF is concerned, the radiated energy within the body 
in HF fields is mainly transformed into heat, and the 
temperature increase in the organism can cause dam-
age.  

The unit used to measure it is the Specific Absorption 
Rate (SAR) which is given in watts per kilogram and its 
maximum levels for modern handsets have been set by 
governmental regulating agencies. In the USA a SAR 
limit of 1.6 W/kg has been assigned, averaged over a 
volume of 1 gram of tissue, for the head. In Europe, the 

limit is 2 W/kg, averaged over a volume of 10 grams of 
tissue.  

Second, it must be taken into account that besides the 
thermal effect, the so-called “non-thermal effect” of the 
fields can have a negative influence on the biological 
system, an effect which can occur even when the radia-
tion emission is extremely low. Persons working in MW 
fields have reported headaches, eyestrain, over-all fatigue 
and disturbance of sleep. These effects have been associ-
ated with the interaction of the MW fields with the cen-
tral nervous system of the body. Such effects have been 
labeled as "non-thermal" interactions. These may be re-
sponsible for some of the long-term effects from pro-
longed exposure to low levels of EMFs. There is no con-
firmed scientific evidence to prove a link between such 
effects and MW exposure. However, accurate monitoring 
need to check that exposure limits recommended by 
I.C.N.I.R.P., at least, are not exceeded. 

Results reported here strictly depend on the local base 
station to which mobile phone signal was transmitted. In 
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fact, when a user of a mobile phone makes a call, it is 
transmitted to the nearest base station, which receives 
and transmits radio signals in its area. The area covered 
by a base station is called a “cell”. The number of cells 
varies in different areas, depending on the volume of use. 
Areas with a high volume of mobile phone use will have 
more cells, and as the phone user moves around, the ra-
dio signal can be switched from one cell to another, 
maintaining a good connection.  

The total power output of a typical mobile phone base 
station depends on the type of antenna, the number of 
analog and digital channels that operate at a given time 
and at their maximum strength, and the antenna gain 
which gives the signals direction and strength. In addi-
tion, the power level generated by a mobile phone to 
maintain a good connection depends on the distance from 
the base station: more power is needed for great distances 
from the base station within a cell. 

The power output is less when the base station is close 
to the phone user. Hence, base stations are being placed 
closer together, to make it simpler for a phone and a base 
station to communicate reliably and to minimize the 
power output of a mobile phone. 

This fact suggests particular checks of power level 
during cellular phone calls in areas with a low volume of 
use, because a great distance from the base station could 
increase the power output of a typical mobile phone 
working. 

Measurements were carried out in South-Italy to check 
that the power density at 1-2 centimetres from some cel-
lular phones was lesser than 9 W/m2 (resulting from the 
expression f / 200 as to the frequency of 1800 MHz) in 
line with the Guidelines for public exposure limits to 
electromagnetic fields [18]. 

Analogue checks were performed with respect to the 
electric and magnetic components of the electromagnetic 
field. 

The magnetic field component H should be lesser than 
111 mA/m (as to 900 MHz band) and 159 mA/m (as to 
1800 MHz band), resulting from the expression H < 
0.0037 f ½ (Am-1) reported on Table 7 of the mentioned 
Guidelines. Finally, the intensity of the electric field 
component E must not exceed the limit of 59 V/m re-
sulting from the expression E < 1.375f ½ [18]. 

Several measures were performed by spectrum analy-
sis mode of Narda SRM 3000 to find the exact frequency 
values where the highest peaks occur during a call, con-
necting with local phone networks such as Vodafone or 
Wind. A representative spectrum analysis of the electric 
field component measured at 2 cm from a mobile phone 
Nokia 1208 during a call is shown in Figure 1. 

Figure 1 shows as the radiation emitted by a mobile 
phone working consists of a number of peaks at different 

frequencies close to 1800 MHz, whose intensities change 
continuously during the conversation, due to the con-
tinuous connections to the local base station as above 
specified. In particular, the spectrum represented in Fig-
ure 1 shows that the limit of 59 V/m for the electric com-
ponent was exceeded at the frequency of 1766 MHz dur-
ing a measurement. Nevertheless the peak intensities of 
EMF frequencies change continuously during mobile 
phone working, as it can be observed by time analysis 
mode. 

A typical time analysis of the magnetic field compo-
nent due to the MWs emitted by the same mobile phone 
during a conversation is represented in Figure 2 with 
respect to a frequency centred at 1757 MHz, where ap-
peared that the limit of 159 mA/m was not exceeded 
during an exposure of 5 minutes at that fixed frequency. 

Microwave oven is another common device often used 
at home. The source of the radiation in a microwave oven 
is the magnetron tube, which converts powerline electric 
current to electromagnetic radiation around 2450 MHz.  

The high voltage (about 3,000 or 4,000 volt) which 
powers the magnetron tube is produced by a step-up 
transformer rectifier, and filter which converts the AC of 
line voltage to 4 kV DC.  

The microwave energy from the magnetron is trans-
ferred to the oven cavity through a waveguide section. 
Heat is produced when the water molecules in the food 
vibrate (at a rate of 2,450,000,000 times per second) 
when the food absorbs the microwave radiation. The 
movement of the molecules produce friction which 
causes heat.  

Microwave ovens are heavily shielded to stop leakage 
and shut off automatically if the door is opened. None-
theless, microwave ovens use a lot of grid electricity and 
produce high levels of power frequency EMF as much as 
200 mG at 50 centimeters. 

Typical levels of radiation leakage from microwave 
ovens is about 0.2 mW/cm2. 

A spectrum analysis was acquired at 30 cm from the 
door of a working Whirlpool AVM 541/WP/WH. Spec-
trum analysis of the electric component was represented 
in Figure 3(a), in which a maximum appears around 
2470 MHz within a range of exposure from 2400 to 2480 
MHz. Spectrum analysis of magnetic component was 
represented in Figure 3(b), as well. Such results showed 
that electric and magnetic components related to the MW 
radiation do not reach high values during microwave 
ovens working, as confirmed by other measurements 
carried out on the microwave ovens devices listed in sec-
tion 2.  

Furthermore, the relative measured power frequency 
electromagnetic field was lesser than 100 mW/m2, as 
shown in Figure 4 at the same exposure conditions. 
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(a) 

 
(b) 

Figure 3. (a) A representative spectrum analysis performed by Narda SRM 3000 in the range of 2400-2500 MHz of the elec-
tric component related to MW radiations generated by a working microwave oven Whirlpool Model AVM 541/WP/WH, ac-
quired at 30 cm from the door’s device; (b) Spectrum analysis of the magnetic component emitted by a microwave oven 
Whirlpool Model AVM 541/WP/WH at the same exposure conditions illustrated for Figure 3(a). 
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Figure 4. A typical spectrum analysis of the relative power density emitted by a microwave oven Whirlpool Model AVM 
541/WP/WH, measured at the same exposure conditions indicated for Figure 3(a) and Figure 3(b). 
 

Some standards applied to microwave ovens sets safe 
exposure limits as follows. 

In U.S.A. the ANSI/IEEE-C95.1-1991 stated that the 
power density of a microwave oven should not exceed 
1.6 mW/cm2 at 2450 MHz for human exposure in uncon-
trolled environments. 

Otherwise the IRPA (International Radiation Protec-
tion Association) Guidelines recommends exposure limit 
of 5 mW/cm2 for RF workers and 1 mW/cm2 for the 
general public. These exposure limits are averaged over 6 
minutes period.   

Regarding cordless telephone system the handset is not 
wired to its base unit, but wireless communication tech-
niques between a remote handset and its base unit is used, 
permitting a user to move freely and not be physically 
restricted by a telephone cord. 

The base unit provides a wireless connection to a 
handset. The handset is capable of receiving and trans-
mitting signals over a wireless link to the base unit. The 
handset can be removed from the base unit and used 
within a predetermined range, which is limited by the RF 
signal strength and not cord length. Cordless telephones 
typically operate over a RF portion of the spectrum set 
aside for general public use. The frequency band is bro-
ken up into a number of channels that may be used by the 
handset and base station. Only a relatively small portion 

of the radio spectrum has been allocated to cordless tele-
phones and these telephones operate on a selected band 
of a relatively few channels, as can be observed in Fig-
ures 5(a),(b).  

The RF link either transmits the voice signals between 
the base unit and the remote handset using frequency 
modulation techniques or using digital techniques such as 
quadrature amplitude modulation or frequency shift key-
ing. The RF link between the handset and the base unit is 
typically divided into two portions, such as an uplink 
from the handset to the base unit at a first frequency, and 
a downlink from the base unit to the handset at a second 
frequency. 

DECT base stations transmit signals permanently, 24 
hours a day, even when the phone is not being used.  
The small installation works just like a big one with 
pulsed radio signals, pulsed at 100 Hz in the low fre-
quency range and high-performance in the HF typical 
range between 1800 and 1900 MHz.  Spectral analysis 
of power density and magnetic component of MW emit-
ted by the model Brondi DC3010 are shown in Figure 
5(a) and Figure 5(b), respectively. 

It was verified that the limit of [18] was not exceeded 
and that the exposure occurs within a narrow frequency 
range from 1880 and 1890 MHz. 

The increase of temperature in cordless devices is gene-
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(a) 

 
(b) 

Figure 5. (a) A typical spectrum analysis of magnetic component of microwaves emitted by a cordless Brondi 
DC3010, acquired by Narda SRM 3000. (b) A typical spectrum analysis of power density of microwaves emitted 
by a cordless Brondi DC3010, acquired by Narda SRM 3000. 
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rally lesser than that produced by mobile phones batteries. 
This may be wrongly interpreted by users as a lack of 
warning about eventual long-term effects on health. 

4. Conclusions 

This brief study has provided measuring methods to 
quantify high frequency electromagnetic radiation levels 
coming from artificial sources in a typical house. Spec-
trum and time analysis modes performed on mobile 
phones microwaves showed that the limits recommended 
by the I.C.N.I.R.P. can be exceeded during a conversa-
tion, depending on the distance of the user from the local 
base station. Analogue measures relative to high fre-
quencies radiations of some cordless telephones evi-
denced microwave radiation emissions in a narrow band 
close to 1900 MHz, within those suggested exposure 
limits. Spectrum analysis performed on some working 
microwave ovens showed a large frequency range expo-
sure from 2400 to 2500 MHz, not exceeding the limits 
recommended by some international guidelines. Never-
theless such result can not be considered negligible. Our 
measurements and other previous studies performed so 
far suggest to monitor RF-MW intensities in our living 
environment. However, further research is needed to find 
reliable protective effectiveness relative to high frequen-
cies home devices. 
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