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Effects of the Electromagnetic Field of Mobile Telephones on Hearing
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The widespread use of mobile telephones has given rise to concern about the potential in� uences of electromagnetic � elds
(EMFs) on human health. Anatomically, the ear is in close proximity to the mobile telephone during use. Hearing loss
due to mobile telephone use has not been described in the medical literature; however, if there is a subtle cochlear
involvement, it might be detected by means of changes in evoked otoacoustic emissions (OAEs). Thirty volunteers with
normal hearing were exposed to mobile telephone EMFs for 10 min and evoked OAEs were measured before and after
exposure. No measurable change in evoked OAEs was detected and none of the subjects reported a deterioration in
hearing level. To the best of our knowledge, this is the � rst study on the effects of EMFs emitted by mobile telephones
on hearing. It was concluded that a 10-min exposure to the EMF emitted from a mobile telephone had no effect on
hearing, at least at outer ear, middle ear and cochlear levels. Key words : adverse effect, cochlea, mobile telephone,
otoacoustic emissions.

INTRODUCTION

The use of mobile telephones is increasing rapidly
worldwide. They transmit and receive microwave ra-
diation at frequencies of :900 MHz and 1,800
MHz, respectively and these frequencies excite rota-
tions of water molecules and some organic molecules
and have been associated with thermal and non-ther-
mal effects (1). Headaches (2), the sensation of burn-
ing or warmth on the ear or behind:around the ear,
burning sensations in the facial skin (3) and alteration
of the blood–brain barrier (4) have been reported as
thermal effects resulting from mobile telephone use.
Non-thermal effects of mobile telephone use de-
scribed in the literature include modi� cations of sleep
patterns (detected by means of electroencephalogra-
phy) (5), an increase in blood pressure (6) and effects
on cognitive function (7). The potential carcinogenic
effect of electromagnetic � elds (EMFs) is a subject of
controversy (8, 9).

Guidelines for exposure limits to EMFs have been
published and are periodically revised (10). EMF
power intensity is measured in units of mW:cm2 but
this provides little information about the biological
consequences unless the amount of energy absorbed
is known. Exposure limits relevant to mobile tele-
phones are expressed in terms of the amount of
energy absorbed by a unit mass of the object. This is
expressed as the speci� c absorption rate (SAR), with
units of W:kg. Individual countries set SAR guideli-
nes to indicate to the public what level of electromag-
netic waves emitted by electrical appliances is safe;
for example, the National Radiological Protection
Board in the UK set the SAR guideline for the head
at 10 W:kg (10). The responsibility for complying
with the recommended exposure limits lies with the

manufacturers. Radio waves transmitted by mobile
telephones do not exceed the SAR limits because all
modern Global System for Mobile Communications
(GSM) mobile telephones, irrespective of the manu-
facturer, emit a level of radio waves that produces a
SAR for the head of B1 W:kg. Calculations using
an anatomical mathematical model of the human
head have indicated that current mobile telephones
comply with the exposure limit (11). However, the
widespread use of mobile telephones has given rise to
concerns over whether the EMFs emitted are detri-
mental to the hearing of their users. Mobile telephone
use necessitates holding the unit in close proximity to
the ear but to date it has not been reported as a cause
of hearing loss in the literature. If it causes subtle
deleterious effects to the cochlea these may be observ-
able by means of changes in evoked otoacoustic
emissions (OAEs). The present study was designed to
investigate the acute after-effects of the EMFs emit-
ted by mobile telephones on human hearing as deter-
mined by changes in evoked OAEs.

MATERIALS AND METHODS

Thirty adults with normal hearing (17 males, 13
females; age range 19–36 years; mean age 25 years)
volunteered to participate in this study. All subjects
were right-handed medical students or nurses. Only
the right ears of subjects were exposed to EMFs and
evaluated. Subjects with tinnitus, middle ear pathol-
ogy or a history of noise exposure were not enrolled
in this study. Otoscopic examinations were performed
by an otolaryngologist before testing in order to rule
out any external or middle ear pathology that could
affect audiometric measurements. After con� rming
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the subject’s health status by means of a complete
medical and otologic history and otoscopic examina-
tion, tympanometry (Zodiac 901 Middle Ear Ana-
lyzer; Madsen, Denmark) was performed to eliminate
the possibility of middle ear problems. The hearing
levels of subjects with a type A tympanogram were
tested using pure-tone audiometry (PTA; AC 5 Clini-
cal Audiometer; Interacoustics, Denmark). The crite-
ria for normal hearing were as follows: pure-tone
thresholds 20 dB hearing limit or better for the octave
(250–8,000 Hz) and interoctave frequencies (1,500,
3,000 and 6,000 Hz); and normal middle ear function
as determined by tympanometry. Volunteers meeting
these criteria were enrolled in the study and under-
went evoked OAE testing sessions. The study was
conducted on three different dates and calibration
was performed prior to each test session. All tests
were performed in a sound-treated room. This project
and the related consent form were approved by the
Ethical Committee of the Medical Faculty of Inonu
University, and the consent form was signed by each
subject after the nature of the experimental procedure
had been fully explained.

The mobile telephone utilized in this study was the
Panasonic GD 600 (Panasonic, UK), which transmits
and receives radio signals in the region of 900 MHz
using the GSM system. Despite repeated inquires to
Panasonic concerning its SAR level, they did not
respond. In general, all modern mobile telephones
utilize intensity levels between 0.02 and 2.0 W during
use (10).

For the purposes of monitoring the potential nega-
tive effects of EMFs emitted by a mobile telephone
on hearing, transiently evoked (TE) and distortion-
product (DP) OAEs were recorded consecutively and
analyzed utilizing an ILO-96 cochlear emission ana-
lyzer (Otodynamics, London, UK). Four evoked
OAE test sessions were separately conducted for each
subject. The baseline measurement was repeated 10
min after completion of the test to con� rm test–retest
reliability. After the second measurement, the sub-
jects held the activated mobile telephone to their right
ear for 10 min without interruption in the room next
to the sound-treated testing room. The subjects did
not converse with anyone during this time to avoid
the possibility of a negative acoustic effect on the
outer hair cells and to ensure exposure to EMFs only.
The third measurement was performed immediately
after the 10-min period of telephone use. Finally, a
fourth measurement was carried out 10 min after the
last test to assess the recovery of hearing, in case
there was any alteration due to EMF exposure. Each
evoked OAE measurement session lasted :2–2.5
min.

TEOAEs were obtained with stimuli consisting of
clicks of 80 ms duration. The stimulus level in the
outer ear was set at 8093 dB peak equivalent sound
pressure level. The click rate was 50:s and post-stimu-
lus analysis was performed in the range 2–20 ms. A
total of 260 sweeps was averaged above the noise
rejection level of 47 dB. Stimuli were presented in the
non-linear mode, in which every fourth click stimulus
is inverted and three times greater in amplitude than
the three preceding clicks. A TEOAE was de� ned as
a response if its amplitude was ]3 dB above the
level of the noise � oor. Reproducibility ]60% was
considered acceptable for the analysis at 5 successive
frequency bands ranging from 1 to 5 kHz.

DPOAEs were determined as DPgrams, where the
intensity levels of the primary tones are held constant
and DPOAE data are recorded for different fre-
quency regions, ranging from 1 to 6.3 kHz, and
plotted as a function of f2. The resolution of the
DPgram was obtained at four points per octave. The
frequency ratio of the two primary tones (f2:f1) was
� xed at 1.22. Stimulus levels were kept at 65 dB for f1
and 55 dB for f2. DPOAE measurement at 2f1–f2
was considered signi� cantly different from the back-
ground noise if it exceeded it by ]3 dB.

Statistical methods
In order to provide a statistical analysis power of
80% (beta: 0.2; alpha: 0.05) the study group com-
prised 30 volunteers. TEOAE amplitudes and repro-
ducibility and DPOAE amplitudes found in four
separate test sessions for the related frequencies
showed normal distributions as calculated by the
Kolmogorov–Smirnov test. Each session was com-
pared with another session using a paired Student’s
t-test. Comparisons were made statistically between
any two paired sessions (e.g., between � rst and sec-
ond, second and third, etc.).

RESULTS

As all our subjects had normal hearing, TEOAEs
were recorded above the noise � oor between 1 and 4
kHz, but below the noise � oor at 5 kHz. Similarly,
reproducibility was \60% for 1–4 kHz and B60%
for 5 kHz. In the DPgram, the emission amplitude
levels were greater than the noise � oor throughout
the 1–6.3 kHz test frequency range for all sessions.
The � rst and second measurements were not signi� -
cantly different, demonstrating the high repeatability
of the evoked OAEs. There was no statistically sig-
ni� cant difference in the mean amplitudes of the
evoked OAEs between the second (before the EMF
exposure) and third (after the EMF exposure) mea-
surements, in addition to the four separate test mea-
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sures (p\0.05). The results of this study suggest that
10-min exposure to EMFs emitted by a mobile tele-
phone did not cause any detectable alteration in
evoked OAE measurements. As there was no signi� -
cant difference between the test sessions, the last test,
conducted for the purpose of assessing recovery from
a potential hearing effect, was of no use. Figures 1
and 2 illustrate the average amplitude levels of the
TEOAEs and DPOAEs, respectively.

Fig. 2. Mean amplitudes of the DPOAEs and mean noise
� oor levels from four measurement sessions.

Fig. 1. Mean amplitudes and reproducibility percentages of
the TEOAEs (9SDs) and mean noise � oor levels (9SDs)
from four measurement sessions.

DISCUSSION

The rapid worldwide increase in the use of mobile
telephones raises questions regarding possible effects
of the emitted radio frequencies on the health of
consumers. Of all the anatomical structures, the ear is
in closest proximity to the mobile telephone. This
may lead to relatively high SAR deposition in the ear
compared to other parts of the body. Although the
effect of mobile telephones on hearing aids has been
studied (12), there has been no investigation on hear-
ing itself. After con� rming the test–retest reliability,
the outcomes of this study were based on the com-
parison of evoked OAE parameters prior to and
following exposure to the EMFs emitted by the mo-
bile telephone. This exposure was achieved by sub-
jects holding the activated mobile telephone for 10
min without conversation or interruption for the
purpose of exposure to EMF per se.

Under certain stimulus conditions, the healthy
cochlea emits acoustic energy that is objectively mea-
surable in the ear canal. Monitoring the status of the
outer hair cell, the most vulnerable structure of the
cochlea, has been shown to provide a very sensitive
index of cochlear damage. Mild cochlear functional
changes, that are not revealed by PTA, cause obvious
changes in DPOAEs (13). Evoked OAEs are also a
well-described method for detecting the effects of
ototoxic drugs on the cochlea (14). The high test–
retest reliability of OAE measurements permits the
utilization of these emissions for monitoring dynamic
changes in cochlear responsiveness (15). The mea-
surement of evoked OAEs is non-invasive, painless
and quick and does not require the active participa-
tion of the subject (15). For these reasons, OAE
measurements appear to be well suited for the investi-
gation of potential cochlear involvement as a result of
exposure to EMFs emitted by mobile telephones.
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No input:output functions were recorded because
of the necessity of minimizing the test duration fol-
lowing the EMF exposure so as not to miss tempo-
rary threshold changes. Alternative methods, such as
PTA and Bekesy audiometry, were not utilized for
the evaluation of the possible effects of mobile tele-
phone EMFs on hearing (13) because they are subjec-
tive, protracted and less sensitive methods for
measuring subtle cochlear involvements (13, 16).
Both TEOAEs and DPOAEs have great potential for
the detection of temporary threshold shifts after
cochlear insults (17). TEOAEs provide a more sensi-
tive and more objective method of detecting a subtle
noise-induced disturbance of cochlear function than
PTA or DPOAEs (16), and can be determined in a
shorter time than the DPgram. For this reason we
determined TEOAEs � rst, followed by DPgrams.

The only potential insult to which subjects were
exposed during this investigation was 10-min use of
the mobile telephone. TEOAEs were analyzed in
terms of emission level and reproducibility as a func-
tion of frequency (1–4 kHz). These parameters were
not valid for evaluation when recorded at 5 kHz.
DPOAEs were obtained as DPgrams between 1 and
6.3 kHz. The DPgram amplitudes were determined
for each subject. As TEOAEs are most reliable in
practice between 1,000 and 4,000 Hz and DPOAEs
between 2,000 and 6,000 Hz (18), both types of
evoked OAE were recorded, in order to take advan-
tage of their differing frequency sensitivities. Four
consecutive measurement sessions did not demon-
strate any signi� cant changes in emission amplitudes.
Statistical analyses of the evoked OAE levels between
test sessions corroborated that mobile telephone use
does not cause either positive or negative after-effects
on hearing. Evoked OAE measurements are very
sensitive for the detection of any subtle cochlear
involvement (13–17) and should therefore have re-
vealed any signi� cant impact of the mobile telephone
on the cochlea. Furthermore, low primary levels (65
and 55 dB) were used for the enhanced sensitivity of
the DPOAEs, so as to reveal even minor in� uences
on active cochlear properties (19).

Radio frequency electromagnetic radiation is emit-
ted from mobile telephone antennae. This can pene-
trate organic tissue and be absorbed and converted
into heat. The close proximity of a mobile telephone
antenna to the user’s ear may lead to the deposition
of a large amount of EMF energy in the ear. The
energy radiated by a mobile telephone is low. GSM
telephones always emit maximum power for a few
seconds during the initiation of a call. The telephone
rings only after it has received this powerful transmis-
sion and the power then decreases to a level which is
just suf� cient to sustain the connection (1). This

safety feature of GSM mobile telephones may be one
reason for the negative results obtained in this study.

The rate of absorption and the distribution of
EMF energy in an organism depend on many factors,
including the dielectric composition of the irradiated
tissue, e.g. bone (with a lower water content) absorbs
less energy than muscle; the frequency of the EMF;
the shape, geometry and orientation of the object;
and the proximity of the source (11). Heating of
biological tissue can occur as a consequence of EMF
energy absorption by the water in the tissue. The rise
in temperature depends primarily on the intensity of
the radiation and the ef� ciency of the thermoregula-
tion mechanism of the body (11). In deep tissues,
such as the brain, maximum temperature rise due to
mobile telephone EMF exposure was calculated to be
no more than :0.1°C (20). This is similar to the
normal daily � uctuations in body temperature and is
considered to be too low to cause adverse effects. It is
speculated that as the cochlea is enclosed by very
dense compact bone, located relatively deeply and
� lled with perilymph and endolymph, these factors all
help to shield it from mobile telephone EMFs.

The results of the present study may appear com-
forting in terms of the effects of mobile telephones on
hearing. However, it is not reasonable to conclude
that exposure to EMFs during mobile telephone use
does not lead to any hazardous health effects. As the
electromagnetic emissions from the mobile telephone
would have interfered with the detection and record-
ing of the emission apparatus, hearing could not be
evaluated simultaneously with mobile telephone use,
but only immediately following EMF exposure.
Therefore, the status of the cochlea during mobile
telephone use remains unclear. Unfortunately, the
cost of mobile telephone use for periods \10 min for
each volunteer in this study was � nancially pro-
hibitive. However, the average duration of a mobile
telephone call does not exceed 10 min.

To the best of our knowledge this is the � rst study
to evaluate the effects on hearing of mobile telephone
use. A 10-min exposure to EMFs emitted by a mobile
telephone had no after-effect on hearing, in that the
non-linearity of the outer hair cell functions was not
altered. This study was designed to investigate short-
term acute exposure and the results obtained did not
reveal any information regarding the potential effects
of longer exposure or chronic cumulative exposure.
Thus, it is recommended that further studies should
examine whether hearing is affected by longer or
repeated EMF exposure. As little is known about the
biological effects of mobile telephone use, there are
gaps in our knowledge and suspicions that the EMFs
radiating from mobile telephones can have detrimen-
tal effects on health. Therefore, the following guide-
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lines for the prudent use of mobile telephones are
proposed: use mobile telephones only for short peri-
ods; use them only for essential purposes; use tele-
phones with low SAR values; and use hands-free
devices, provided that they have been proven to
reduce SAR exposure (10).
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