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Abstract
The purpose of the research is the need to investigate and analyse whether the 
latest generation of iPhone 6 phones are safe for people during telephone calls 
(Fig. 1).  The results were compared with the current directive (Directive 2013/35/
EU). It has been shown that the obtained values do not exceed the permissible 
standard.
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Introduction
The impact of the electromagnetic field (EMF) on 
living organisms is the subject of intensive scientific 
research throughout the world. In today’s age of wire-
less communication development, it is important to 
monitor the power of the electromagnetic field.

Electromagnetic radiation causes various ailments 
depending on the field’s strength and frequency. As 
a result of EMF interaction, we can distinguish both 
thermal and non-thermal effects. The impact of the 

magnetic field on humans can also cause both objec-
tive and subjective ailments.

The main sources of EMF radiation in the lower 
frequency band are radio communication devices. 
Mobile telephony has become the most popular radio 
communication system in the last two decades. The 
development of wireless connectivity has enabled the 
use of telephones in almost every corner of the world. 
Poor coverage or its lack in a specific area often dis-
criminates against it in the opinion of residents or 
tourists. At the same time, there is an increased public 
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concern about the possibility of adverse effects of the 
EMF on people and the environment, coming mainly 
from antennas of base transceiver stations (BTSs). 
The main reason for these fears is the increase in 
the number of BTSs, especially in densely populated 
 areas [9].

Despite the knowledge of the mechanisms of elec-
tromagnetic wave formation, up to now there are 
no precise and unambiguous standards for their 
impact on living organisms. It is only known that 
for the living organisms the presence of the EMF is 
not insignificant.

Specyfic Absorption Rate

To assess the threat posed by high frequency fields 
the SAR absorption factor (Specific Absorption Rate) 
is used.

SAR can be defined as the time derivative of the 
energy entering the object with respect to its mass:              

             

   (1)

where:  Wc – the energy entering the object Energy 
absorbed by the tissue in a unit of volume – J/m3,  ρ–
materiał density (tissue) – kg/m3.

In the scope of radio and microwave frequencies, the 
value of the absorption coefficient calculated locally 
depends on the square of the effective electric field 
E in the selected area of the human body. You can 
express it with a pattern by the formula:

                                              
     
(2)

where: σ – conductivity of the material (tissue), –S/m.

The SAR value can also be determined on the basis of 
indirect effects of electromagnetic radiation, e.g., the 
increase in tissue temperature:

                                                   (3)
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Fig. 1. 
SAR measurement results during a phone call (iPhone 6)
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where: C–proper heat of material  – J kg–1 K–1, δT–
temperature increase – K, δtE–exposure time– s.

On the other hand, the mean SAR value in the whole 
or selected body area describes the total amount of 
power absorbed by the body (mass M):   

                                             (4)

where: PV – spatial distribution of the volume of ab-
sorbed power density in the body – W/m3 , V – body 
volume – m3.

The normalized SAR is defined as the absorption 
capacity of the body normally or the small volume 
of the sample (usually 1 g or 10 g tissue). The safety 
guidelines for reducing exposure to electromagnetic 
fields have been published by the International Com-
mission on Non-Ionizing Radiation Protection (IC-
NIRP) [11]. In most countries, these guidelines have 
been adopted as basic SAR limits to prevent adverse 
effects on whole body health and excessive local tis-
sue heating at frequencies from 100 kHz to 6 GHz. It 
is important to specify the nature of the averaging in 
the SAR recommendations.

Legal recomendations
According to the recommendations of the Directive 
2013/35/EU the level of influence (GPO) is presented 
in the table 1.

Limit Impact Levels (GPOs) are values defined 
on the basis of biophysical and biological consider-
ations, in particular supported by well-established 
scientific evidence of immediate and acute direct ef-
fects, i.e. thermal effects and electrical elimination of 
tissues. Top GPOs (GPOg) mean those GPOs beyond 
which employees may experience adverse health ef-
fects such as tissue warming or nervous and muscle 
tissue irritation. Lower GPOs (GPOd) mean those 
GPOs beyond which workers may experience tem-
porary disturbances of sensory perception and minor 
changes in brain function. EMF and SAR distribu-
tion analysis are the basis for evaluating electromag-
netic threats.

Measurement methodology
The research was conducted at the Centre of Engi-
neering Studies of the State School of Higher Edu-
cation (Pol. PWSZ) in Chełm within the project 
“Laboratory of Environmental Studies CSI PWSZ in 
Chełm,” co-financed by the European Fund of Re-
gional Development (part of the Operational Pro-
gramme Eastern Poland) 2007-2013. 

Measurements of the absorption coefficient (SAR) 
were carried out with the ESM 120 meter in the envi-
ronmental laboratory. The ESM 120 meter is an inno-
vative device for measuring the SAR ratio for GSM 900 
and 1800 MHz frequencies. The device allows a quick 
SAR measurement generated by mobile phones and 
transmitting antennas, etc. The ESM 120 solves the 
problem of measuring radiation under adverse condi-
tions (such as travelling by train, plane, or in a tunnel) 

Table 1. 
Top GPO values for exposure to electromagnetic fields in the frequency range 100 kHz to 6 GHz

GPOg SAR values averaged over 
any six-minute period

GPO associated with total body heat stress expressed as SAR averaged in 
the body

0,4 W/kg

GPO related to local heat stress in the head and torso, expressed as local 
SAR in the body

10 W/kg

GPO associated with local heat stress in the limbs expressed as a local 
SAR in the body

20 W/kg
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Fig. 3. 
SAR measurement results during a phone call (Nokia)

Fig. 2. 
The SAR coefficient meter, the ESM 120

when the transmission power increases to maintain 
the connection. The device uses the latest technology 
that allows to measure SAR in real time. The measure-
ment is performed using the HF sensor, according to 
the ANSI C95.1-199 norm (which assumes an accu-
racy of up to 1 g tissue weight). When measuring a cell 
phone, you can register the tone of the pulse generator. 
The device is very easy to use and allows a change in 
the measuring range by rescaling the bargraph (0.2 W/
kg, 2 W/kg, 20 W/kg). The appliance can be calibrated 
as well as programmed from a PC.

The big advantage of the device is its specially 
written software GRAPH ESM 120, which works 
properly with a PC (a program compatible with the 
Windows™ environment). Communication between 
the computer and the ESM 120 is carried out using 
the RS232 interface. The device is connected to the 

computer with a fiber optic cable and transducer. The 
program allows SAR and power observations, con-
trol between the base station and the mobile phone 
on the time course. The ESM 120 can be controlled 
remotely (Fig. 2). Measurements were made for the 
standard mobile phone work cycle.

Several cell phones have been analysed. The results 
presented refer to the position of the mobile phone 
on the ESM 120 tripod.
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In addition, analysis was made of the nearby 
base station of mobile telephony with which the 
tested telephone was connected (Fig. 4). The mea-
surements were carried out in places accessible to 
people (Fig. 5). The selected cellular base station is 
equipped with a  set of antennas placed on a  steel 
mast. The antennas are connected by means of ap-
propriate coaxial cables – so-called feeders (coaxial 
cables or waveguides) – with transmitting-receiving 
and powering equipment, located in a container at 
the foot of the object.

Sector (directional) antennas, also called panel 
antennas, were used to cover the area in a  specif-
ic direction.

The maximum value of the absorption coefficient 
(SAR) did not exceed 0.4 W/kg. The maximum val-
ues of the coefficient measurements, including stan-
dard uncertainty, were SAR=0.08 W/kg. The permis-
sible field strength values were exceeded in the whole 
measuring range.

Fig. 4. 
External view of the ESM 120 dosimeter against the BTS

Fig. 5. 
SAR measurement results at the bottom of a of cellular telephony base station
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Conclusions
The thermal criterion takes into account increase in 
tissue temperature, absorbing electromagnetic ra-
diation. The parameter describing the thermal effect 
of the field is the SAR absorption coefficient. It was 
found that the thermal effect plays an important role 
in the action of high frequency fields, including fields 
emitted by cellular telephony. Theoretical research 
and experimental models show that for an average 
person, an EMF with a SAR value of 4 W/kg can cause 
an increase in body temperature by an average of not 
more than 0.1-0.3°C. This increase does not threaten 
health; however, it causes an activation of the ther-
moregulation mechanism. It is an average increase in 
body temperature; however, so-called hot spots may 
occur, where the temperature rise can be higher.
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