Radio waves and health
Mobile communications

Mobile communications
and health
Mobile telephony
Radio communications have been used for more than a
hundred years in various sorts of applications. Already in
1895, Guglielmo Marconi demonstrated the first use of
radio signals for wireless communications, and since then
radio broadcasting, television and many other radio
communication technologies have been introduced. Mobile
telephony is one of the most recent and successful
applications of Marconi’s revolutionary invention.
Mobile phone networks
To be able to make mobile phone calls, a mobile telephony
network is needed. A major part of the network is built up
of radio base stations, whose antennas send and receive
radio signals to and from the mobile phones.

Mobile phone technologies
The first generation cellular mobile telephony systems were
introduced in the beginning of the 1980’s. Examples of these
early analog systems are AMPS and NMT. In the 1990’s the
analog systems were replaced by digital technology, which
provided higher capacity, better quality and new services.
The most widely used second generation (2G) mobile system
is GSM. The deployment of the third generation (3G) mobile
networks is now ongoing. 3G offers new data and multimedia
services. The major 3G technology is called WCDMA.

To provide the required coverage the base stations are
located at regular intervals according to a fixed pattern,
just as street lamps are evenly spaced to light the way
along a road. The area covered by a base station is called a
cell, thereby the term cellular telephony used in many
countries.
As more and more people use mobile telephones, more
base stations are required to handle the growing number of
calls. Each base station can manage up to approximately
100 calls at a time in a cell. As the number of users
increase the cells need to be smaller and the base stations
are placed closer together, which increases the capacity of
the network.
In many countries third generation (3G) mobile telephony
networks are being deployed in order to increase the
capacity and to offer the consumers faster connections and
more functionalities.
How a call is connected
When a call is made the mobile phone sends radio signals
to the closest radio base station antenna, which, in turn, is
connected to a mobile switch. The switch connects the call
to the fixed network if the call is to someone who uses an
ordinary wired telephone. A call to another mobile phone
user is routed to another base station, whose antenna sends
the call as radio signals to the other user’s mobile phone.
When moving from one cell to another - driving along a
highway, for instance - the base station serving the new
cell automatically picks up the signals from the ongoing
call.
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Radio waves
Like all other radio communication applications, mobile
telephony uses radio waves to carry the information, like
voice, text and images, through the air. Radio waves are a
kind of electromagnetic fields (EMF) that are also called
radio frequency fields or radio frequency energy.
Electromagnetic fields are present in our every day life,
both naturally and from man-made sources.
Radio waves travel with the speed of light. They consist of
an electric and a magnetic component, which vary
periodically in time. The number of oscillations per second
is called the frequency. The intensity of the radio waves is
normally expressed as power density, and sometimes also
as electric and magnetic field strength.
The radio wave intensity is dependent on the distance to
the transmitter, for example a mobile phone or a base
station antenna, and to the output power of the
transmitter. The lower the power and the longer the
distance, the lower the intensity.
Electromagnetic spectrum
Different types of electromagnetic fields have different
frequencies. Visible light, for instance, has higher
frequencies than radio waves, but lower than ultraviolet
light.

Radio waves belong to the lower frequency part of the
electromagnetic spectrum, which is called non-ionizing
radiation. Here the electromagnetic energy is too low to
break molecular bonds.
Exposure to radio waves
When a person is exposed to the radio waves from mobile
phones or base stations, most of the energy will be
reflected by the body or travel around it (called
diffraction). Some of the energy will however be absorbed
in the tissues at the surface of the body.
Inside the body certain molecules, like water, will start to
move or rotate due to the presence of the electromagnetic
fields. By "friction" the energy is converted into heat. If
the radio wave intensity is very high, the heating may be
significant and potentially detrimental. The power used by
mobile phones is very low and the tissue heating due to
radio wave absorption is too small to be noticeable.
The specific absorption rate, SAR, is used to specify the
amount of radio frequency energy absorbed in the body.
SAR is expressed in the unit watts per kilogram (W/kg).

Electromagnetic waves with frequencies higher than
ultraviolet light are called ionizing radiation, which has
sufficient energy to break molecular bonds and thereby the
potential to cause damage to biological tissue. X-rays and
gamma rays are examples of ionizing radiation.
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Science and research
Large amount of studies
Given the long use of radio waves, there have in fact been
numerous studies investigating the possible health effects
of radio frequency (RF) fields in the past 50 years.
The health risk due to heating has been known for more
than a century; therefore most research conducted in the
last several decades has been on possible effects that are not
related to heating, so-called non-thermal effects.
From the extensive corpus of research, the only established
health effects have been related to the well-known heating
effects of radio waves.
Research reviews
Several hundred studies using mobile phone signals
specifically are listed in the research database on the
World Health Organization’s (WHO) website. The great
majority of these studies has not indicated any adverse
health effects linked to mobile telephony. Several expert
groups and health authorities have reviewed all the
available research and the WHO, for example, summarizes
the current status as follows:
“None of the recent reviews have concluded that exposure to RF
fields from mobile phones or their base stations causes any adverse
health consequence.”
Sponsoring further research
WHO and several other health authorities and expert
groups have clearly stated that no adverse health effects
can be attributed to mobile telephony. However, a
consistent message has also been that some additional
research would be helpful to increase the knowledge and to
ensure the best possible assessment of health risks.
WHO has established the International EMF Project, in
which an agenda of recommended research has been
developed. Ericsson acknowledges the expertise of WHO,
and co-sponsors EMF research according to its
recommendations, mainly through the Mobile
Manufacturers Forum (MMF) which is an international
association of radio equipment manufacturers.
The studies that Ericsson co-sponsors are conducted
independently of the industry, and normally most of the
funding comes from governments and other independent
national or international research-funding sources.
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Standards and limits
ICNIRP guidelines
To ensure that exposure to radio waves does not cause
adverse health effects, international guidelines and
standards have been developed. Many countries have
adopted the guidelines from ICNIRP (International
Commission on Non-Ionizing Radiation Protection),
which is an independent scientific organization formally
recognized by the World Health Organization (WHO).
The ICNIRP guidelines are based on an analysis of all the
scientific research on electromagnetic fields and health.
The recommended limits have been set with wide margins
and protect all persons from any established health effects
from short- and long-term exposure to electromagnetic
fields. The limits recommended for the general public
have been set about 50 times below the levels where health
effects can start to occur.
Exposure limits
In the frequency range used for mobile communications,
the Specific Absorption Rate, or SAR, is used to specify
the exposure limits, also called basic restrictions. The SAR
is a measure of the rate of radio frequency energy
absorption in the body expressed in units of watts per
kilogram (W/kg). ICNIRP specifies both partial-body and
whole-body SAR limits, which restrict the possible
localized and whole-body heating.
Reference levels
Since SAR may be difficult to measure or calculate in some
real radio frequency exposure situations, ICNIRP also
specifies reference levels. These frequency-dependent levels
are expressed in terms of power density and field strength
values, and have been developed for the purpose of
comparison with exposure quantities in air. If the field
strength levels are below the reference levels, the basic
restrictions will not be exceeded.

ICNIRP exposure limits for general public
Basic restrictions
Whole body SAR:

(Frequency 10 MHz — 10 GHz)
0.08 W/kg

Localized SAR, head and torso:
Localized SAR, limbs:

2 W/kg
4 W/kg

Localized SAR is averaged over 10 g of tissue, while the
whole-body SAR is averaged over the whole body. The
averaging time is 6 minutes.

Reference levels

(Mobile telephony frequency bands)

Frequency

Power density

Electric field
strength

900 MHz
1800 MHz
2100 MHz

4.5 W/m2
9 W/m2
10 W/m2

41 V/m
58 V/m
61 V/m
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Mobile phones
Mobile phone power levels
Mobile telephones send radio waves at certain standardized
power levels. The power is very low, 0.5 W or less, which
is about the same as the power of a small flashlight. In
addition, mobile phones adjust their transmitted power to
the lowest level needed to reach a base station. Hence, the
average output power is considerably lower than the
maximum level in many cases.
Less power is normally needed to operate a mobile phone
the closer the user is to the base station. However, not only
the distance affects the power regulation, the environment
also has a great impact. Lower power levels are needed
when there is a free path between the phone and the base
station, compared to when there are buildings or other
obstacles in the pathway.
Power levels from mobile phones
In the GSM system up to eight users share the same
frequency channel and each phone transmits only one
eighth of the time. This means that the average power is
one eighth of the peak power. 3G phones
(UMTS/WCDMA) do not separate the signals in time or in
frequency. Instead the signal from each phone is coded
and sent simultaneously using the same frequency.
Maximum
power
levels

GSM

3G
Time
GSM phones have a peak power of 2 W (GSM 800/900)
or 1 W (GSM 1800/1900). The maximum average power
is one eighth of the peak power, hence 250 mW (GSM
800/900) or 125 mW (GSM 1800/1900).
For GPRS, the peak power levels are the same as for
ordinary GSM but the average power when using two
timeslots can be up to 0.5 W for 900 MHz and 250 mW
for 1800 MHz.
For 3G (UMTS/WCDMA) the maximum power is 0.125 W
or 0.25 W depending on the terminal type.
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Mobile phones do not transmit radio waves continuously.
When the user is silent during a phone call the power level
is reduced, in stand-by mode the phone only transmits
occasionally in order to maintain contact with the
network, and when the phone is turned off, no signals are
sent at all.
Compliance with exposure limits
New mobile phone models are designed and tested to be in
compliance with the SAR (specific absorption rate) limits
specified in relevant national and international radio
frequency safety standards and regulations. The SAR tests
are performed according to international standards.
In Europe, USA, Japan and several other countries, mobile
phones must be shown to comply with the exposure limits
before the introduction on the market. Within the
European Union the CE mark indicates that the phone
model meets the requirements.
Information about SAR
Since 2001, extensive SAR information has been provided
with all new Sony Ericsson mobile phone models. This
information includes the maximum SAR value for the
model, and is also available on the Sony Ericsson web site
(www.sonyericsson.com).
While there may be differences in SAR levels among
mobile phone models, this does not mean that there are
any differences in safety. All mobile phone models are
designed to meet the radio frequency exposure guidelines.
Furthermore, due to the fact that mobile phones control
their power level, typical real life SAR values can be as low
as a few percent of the maximum value.

Mobile phone usage
Mobile phones are designed to be used at the ear or near
the body. Mobile users sometimes experience a heating
sensation after a long phone call. This is not caused by
radio wave heating, the output power is too low for this.
Instead it is because the phone itself may get warm during
a call.
The use of a personal handsfree device or headset offers
additional convenience and personal choice in the use of a
mobile phone. These devices are designed for convenient,
handsfree operation of the phone and not for safety reasons.
Nevertheless, if individuals are concerned, they might
choose to limit radio wave exposure by using handsfree
equipment to keep the mobile phones away from the head
and body.
There have been discussions about whether it is safe to use
mobile phones in enclosed environments, such as trains,
cars, and elevator compartments. Recent studies have
shown that there is no difference in safety using mobile
phones in enclosed areas compared to anywhere else, since
the maximum exposure only changes marginally, if at all.

SAR measurements
SAR measurements are conducted by placing a transmitting
mobile telephone close to a model of a human head. The
head model is filled with a liquid, which has similar electrical
characteristics as a real head. A computer-controlled robot
positions a probe that measures the electric fields in the
liquid.
From these measurements, the SAR values are calculated.
SAR measurements are also conducted with the phone
placed near a body model, corresponding to handsfree
usage with the telephone in a carry case or similar accessory.
The SAR measurements are performed at maximum output
power levels, for a number of specified holding positions and
for all frequency bands the phone will operate in. The
maximum SAR value obtained from all these measurements
needs to comply with the limits. A complete test of a mobile
phone model takes up to three weeks.
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Radio base stations
Base station power levels
The maximum output power of base stations differs,
mainly depending on the size of the geographical area they
serve and the number of users they should be able to
handle.
Outdoor base stations, with antennas placed for example
on masts and rooftops, typically have maximum power
levels between 5 and 40 watts. For small antennas in
indoor environments such as shopping malls and offices,
the output power is often less than one watt, i.e.
comparable to the power of a mobile telephone. Some base
station antennas mounted on high masts or towers may
have power levels around a hundred watts. The power
levels from 2G and 3G base stations are similar.
During operation, the actual output power varies with the
number of ongoing phone calls. Base station antennas also
continuously transmit certain radio signals that are needed
for the mobile phones to identify and access the network.
Compared to other radio transmitters, e.g. for radio and
television broadcasting, the output power levels of base
stations are low.
Radio wave exposure from base stations
Base station antennas direct the radio signals away from
the mast or building to obtain coverage in a certain area.
The intensity of the radio waves is drastically reduced with
increasing distance from the base station antenna. On the
ground, in houses, and other places where people reside,
the exposure levels from radio base stations are normally
below 1 % of the safety limits.
Only in the close vicinity of the antennas can the radio
frequency exposure limits sometimes be exceeded. The size
of this area varies from a few centimeters for small inbuilding antennas, up to some meters for antennas
mounted on masts and rooftops. The antennas are installed
in such a way that the general public does not have access
to the area where the limits may be exceeded.

Power levels from base stations
Typical power levels (per antenna)
Base stations in rural area
Base stations in an urban area
In-building network antennas

40 W
10 W
0.1 W

Power levels of radio and television transmitters
Large television transmitters (UHF)
Large radio and television transmitters (VHF)
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40 000 W
2000 W

Base station exposure information
Ericsson performs measurements and calculations of the
radio wave exposure from base station products before
these are placed on the market. The assessments are
conducted according to internationally recognized
standardized procedures. The results for typical
configurations of the base stations are included in the
technical product information. Ericsson also provides the
customers with additional information on how to assess
radio wave exposure and how to mount the antennas to
obtain a safe base station installation.

Direction of radio
transmission

Compliance boundary

Base station exposure assessments
The radio wave exposure levels close to a base station
antenna can be determined using calculations or
measurements. The methods and procedures are specified
in international standards.

Calculations
When performing an exposure assessment using
calculations, a model of the antenna is first created.
Thereafter, the electromagnetic field strength levels are
determined in a number of points around the antenna using
advanced computer programs. Based on the calculated
field levels a so called compliance boundary, outside of
which the exposure is below the limits, can be defined.
The compliance boundary is often represented by a
cylinder around the antenna.

Measurements
Measurements of the field strength levels can be performed
in a special measurement chamber. The fields are first
measured on a sphere around the antenna and thereafter
calculated using advanced calculations to get the
compliance boundary.
SAR measurements are performed on small, low-power
antennas (less than 1 watt output power). The test method
is basically the same as the one used for mobile phones.
However, instead of a model of a human head, a
standardized body model is used.
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Electromagnetic safety

Electromagnetic fields, including those used in mobile
telephony, have a potential to cause disturbances in
sensitive electronic devices. The phenomenon is called
electromagnetic interference (EMI).
Mobile phone users should always obey warning signs and
restrictions that may exist in hospitals, aircrafts, and other
places considered to have sensitive electronic equipment.
Healthcare equipment and environments
Some sensitive medical equipment, including cardiac
pacemakers and defibrillators, can be susceptible to
electromagnetic fields. However, the immunity of such
devices has increased immensely in recent years and work
has started to look into the possibility to increase the use
of mobile communications in healthcare environments.
Private use of mobile phones is allowed in some hospitals,
particularly in public areas, such as cafeterias.
The risk that a mobile phone may have an impact on a
pacemaker is very small. Pacemaker users are however
recommended to keep a distance of 15 cm between their
mobile phone and the pacemaker to avoid the risk of
electromagnetic interference.
Hearing aids, especially older ones, can sometimes pick up
the radio signals from mobile phones. The user can notice
an audible sound, which will disappear as soon as the
transmitter is moved away from the hearing aid. The
problem could often be avoided by using handsfree
equipment. Most modern hearing aids have very good
immunity to electromagnetic fields, and disturbance from
mobile phones is usually not a problem.
Aircrafts
The navigation systems in aircrafts are based on radio
communications, and can be sensitive to radio waves from
nearby transmitters. In addition, mobile phones used at
high altitudes can disturb the mobile networks on the
ground. Due to these reasons use of mobile phones is not
allowed during flying. The risk of interference caused by
mobile phones is, however, very low due to the low output
power. Ericsson will in the near future provide solutions
that will make the use of mobile phones in aircrafts
possible.
Petrol stations
Sparks can cause explosions and fires in petrol stations and
other potentially explosive areas. The radio frequency
energy from a mobile phone is considered too low to cause
a spark.
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Conclusions
Large amount of research
Over the past 50 years a large amount of research
on radio waves and health has been conducted,
based on which exposure guidelines and
standards have been established.
No demonstrated health effects
WHO and other expert groups have concluded
that the scientific evidence does not demonstrate
any health effects associated with the radio waves
from mobile phones and base stations.
Products comply with standards
The radio wave exposure levels from Ericsson´s
and Sony Ericsson’s products are in compliance
with the exposure guidelines set by various health
organizations and governmental bodies.

Abbreviations

Additional information
Links
Ericsson provides information and statements on radio waves
and health.
http://www.ericsson.com/health

3G
GPRS
GSM

Sony Ericsson provides SAR information for their mobile
phone models.
http://www.sonyericsson.com/

UMTS

Mobile Manufacturers Forum (MMF) is an international
association
of
radio
communication
equipment
manufacturers. It provides information related to mobile
communications and health.
http://www.mmfai.org

WCDMA

World Health Organization (WHO) International EMF Project is
pooling
resources
and
knowledge
concerning
electromagnetic fields and health.
http://www.who.int/emf
International Commission on Non-Ionizing Radiation
Protection (ICNIRP) provides guidelines on radio wave
exposure.
http://www.icnirp.org

third generation mobile telephony
General Packet Radio Service, a 2G
technology for data communication
Global System for Mobile
communications, the most widely used
second generation mobile communications system
Universal Mobile Telecommunications
Service, a 3G mobile communications
system using WCDMA technology
Wideband Code Division Multiple
Access, the major 3G technology

EMF
EMI
RF
SAR

electromagnetic fields
electromagnetic interference
radio frequency
specific absorption rate

ICNIRP

International Commission on
Non-Ionizing Radiation Protection
Mobile Manufacturers Forum
World Health Organization

MMF
WHO
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Ericsson is a world-leading provider of
telecommunications equipment and related services
to mobile and fixed network operators globally. Over
1,000 networks in 140 countries utilize our network
equipment and 40 percent of all mobile calls are
made through our systems. We are one of the few
companies worldwide that can offer end-to-end
solutions for all major mobile communication
standards.
Through our Sony Ericsson Mobile Communications
joint venture we offer a range of mobile devices,
including those supporting multimedia applications
and other services allowing richer communication.
We invest heavily in R&D and actively promote open
standards and systems. Also reflecting our ongoing
commitment to technological leadership, we have
one of the industry’s most comprehensive intellectual
property portfolio containing over 16,000 patents
with an additional 15,000 patent applications
pending approval by various patent authorities.
Our origins date back to 1876. Our headquarters are
located in Stockholm, Sweden.
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