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Abstract—Saphylococcus aureus, one of the microflora in a
human external auditory cana (EAC) is frequently exposed to high-
frequency electromagnetic field (HF-EMF) generated by mobile
phones. It is normally non-pathogenic but in certain circumstances, it
can cause infections. This study investigates the changes in the
physiology of S aureus when exposed to HF-EMF of a mobile
phone. Exponentially grown S aureus were exposed to two
conditions of EMF irradiation (standby-mode and on-call mode) at
four durations; 15, 30, 45 and 60 min. Changes in the viability and
biofilm production of the S. aureus were compared between the two
conditions of exposure. EMF from the standby-mode has enhanced
the growth of S aureus but during on-call, the growth was
suppressed. No significant difference in the amount of biofilm
produced in both modes of exposure was observed. Thus, HF-EMF
of mobile phone affects the viability of S. aureus but not its ability to
produce biofilm.
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I. INTRODUCTION

N the last few decades, usage of Global Systems for Mobile

(GSM) communication phones has become indispensable,
for the purpose of telecommunication, social interactions and
information acquisitions. To date, numerous studies on the
effect of electromagnetic field (EMF) of mobile phones on
human and other living organisms have been reported,
indicating the concern on the health effects of phone users [1]-
[5]. Although many of these reports did not associate brain
tumour to mobile phone usage, others relate the usage of
mobile phones to neurological abnormalities such as
dysaesthesiae [6], sleep disturbances [7], [8], raised blood
pressure [8], [9] and cognitive effects [9]. Even if we are
inevitably exposed to EMF emitted by surrounding electrical
appliances, a mobile phone user in addition is exposed to
significant level of electric and magnetic fields because the
radiating antenna of the mobile phone operates at a very short
distance from the head. The substantial number of scientific
publications and reviews provided useful discussions on the
health effects related to the use of mobile phones, nevertheless,
uncertainties still remain due to the lack of hard evidences
[10].
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During telecommunicating, mobile phones are placed in
very close proximity to the ear, thus EMF is directly channeled
into the external auditory canal (EAC) of the user. Since the
EAC is inhabited with a diversity of commensa
microorganisms, it poses a concern of whether the EMF after
prolonged used of mobile phones would affect the equilibrium
and the physiology of these microbes. The microbes that
predominate in the EAC of healthy individuals include
Saphylococcus aureus, Staphylococcus epidermidis and
Corynebacterium species [11]-[13]. These commensals are
normally non-pathogenic and acts as a deterent to colonization
of EAC by pathogens, however, in events of trauma or
disruption of the integrity of the epithelial lining, the EAC
will be predispose to possibilities of infections leading to otitis
externa [14]. In immunocompromised patients and cancer
patients, failure to treat otitis externa can be life-threatening.
This is demonstrated by the presence of S. aureus as the sole
pathogen in diabetic patients with malignant otitis externa
[15].

Mobile phones generate non-ionizing radiofrequency that
range between 800 MHz to 1900 MHz at a maximum intensity
of about 0.2 W/m? [16]. Radiofrequency of this range is
considered to be within high frequency range (HF-EMF) [10].
Mobile phones also emit low-frequency magnetic field pulses
generated by battery currents in the phone that are too weak to
produce non-thermal effects [17].

Previoudly, there has been many reports on the effects of
extremely low EMF (EL-EMF) of 0-300 Hz on bacteria, but in
most cases, the EMF was generated by using parallel capacitor
plates [18], Helmholtz coil ([19], [20] and solenoid coil [21],
[22]. When three different bacterial strains; Escherichia coli,
Leclercia adecarbodxylata and S. aureus were exposed to
EMF of 50 Hz, the viability of E. coli was significantly
reduced in comparison to the other two strains, with S, aureus
being the least affected [23]. Furthermore, prolonged exposure
to 50 Hz LF-EMF has also been shown to affect transposition
activity in E. coli [19]. This finding raises a concern on the
equilibrium of S aureus in the EAC, which may be affected
by the HF-EMF emitted by mobile phones which is >50 Hz.
In addition, S. aureus which is capable of forming biofilm on
host tissue is feared to increase biofilm formation and thus
reduces the efficacy of antibiotic for treatment against
infection. In this report, we investigated the responses of S.
aureus to the EMF emitted by a GSM mobile phone. The
results obtained would provide a further understanding on the
biology of bacteria when exposed to HF-EMF that could be
useful in formulating guidelines against the adverse effects of
HF-EMF.
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Il. MATERIALS AND METHODS

A.Bacterial Strains and Media
Stock culture ofSaphylococcus aureus (ATTC 11632)

stored at -88C was subcultured on blood agar (Isolac

Malaysia) to ensure its purity. Brain heart infusi(Oxoid,

USA) broth was used as liquid medium and nutriegara
(Oxoid, USA) was used as the medium for the enutioer&f

colony forming unit (CFU). All cultures were incubd for 24

hr at 37C.

B. Source of EMF and Temperature of Mobile Phone

A Global System for Mobile Communication (GSM) 2G

mobile phone, (LG model KG 288, China) was usedhas
device to generate the EMF. This phone operatdsiah band

frequencies of 900/1800 MHz. The SAR of the phoraes w

indicated as 0.932 W/kg. The battery of this phame fully
charged to its full capacity prior to use. The netgnstrength
and the temperature emitted by the phone were megh$or
two hours duration, using electromagnetic field enét.utron
model
(ScanTemp 385, Germany), respectively.

C.Exposure of Bacteria to EMF

A suspension ofS aureus containing 18 CFU/ml at
logarithmic phase was seeded onto duplicate setaufent
agar plate using a glass spreader and was allawegtfor at
least 15 min. The mobile phone was then placedveahdd
between the two agar plates to ensure equal distaetwveen
the both agar plates and the phone. After 15 ntie, agar
plates were removed and incubated alC37or 24 h. The
experiment was repeated by placing the agar pfate30, 45
and 60 min duration. In the initial experiment, {hleone was
switched on but no calls (standby) were made winilehe
subsequent experiment, the phone was switched dra aall
was made (transmission) while the bacteria wereogeg to
the EMF for the stipulated duration.

Viable bacteria on the agar plates were countest 2# hr
of incubation. For each of the duration, the expernt was
repeated six times. Viability ratio of the organiswas
calculated by dividing the number of viable cellftea

EMF-839, Taiwan) and an infrared thermometer

Ill. RESULTS

A.Magnetic Field Strength and Temperature of the Mobile
Phone
" The strength of the magnetic fields produced byntiobile
phone while in the standby mode was almost constant
throughout the 2 h duration (Fig. 1). In on-call deo the
magnetic field produced was constantly fluctuatmgvery 15
min intervals. A slight increase in the temperatwiréhe phone
was recorded after one hour of transmission with Highest
temperature being 28®, an increment of 3°6€ from the
standby mode.

Magnetic Strength (V/m2;
Temperature (0C
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---& - - Temperature (Standby) —— Temperature (On-call)

Fig. 1 Magnetic field strength and temperaturehefriobile phone
while on standby and on-call mode

B. Effect of EMF on the Viability of S. aureus During
Standby and On-call Mode

During standby mode, the number of CFU between the
exposed and the control groups were not signifigatitferent
(Fig. 2) even after prolonged exposure. The EMFingdur
standby mode therefore, did not have any effedhergrowth
of the bacterium.

In the following experiment, when the bacterium ever
exposed to the EMF while on-call for 1 hour, thenber of
CFU was significantly reduced (p<0.05) in all thepesed
groups (Fig. 3). Exposing the bacterium to the EdMiFing on-

exposure (CFY to the number of viable cells of controlscall for 15 to 30 min, each had reduced the nurob&@FU by

(CFUy), i.e. CFU/CFUy).

D.Biofilm Formation

Quantification of biofilm was carried out using @&l flat-
bottomed microtitre plate method on the treatmeuk @ontrol
samples following the methods of [24]. The optidahsity of
0.25% safranin-stained biofiim was read by using
spectrophotometer at 490 nm.

E. Satistical Analysis

In every experiment, six independent trials weneied out
and the mean value was used to tabulate the resuttse-way

14%, and when the exposure time was prolonged @nd560
min had resulted in the reduction in number of CBLR7%
and 33%, respectively.

During the first 30 min following exposure to th&E of
the phone, no significant difference (p>0.05) ie thability
ratio between the standby mode and on-call mode was
Bbserved. However, after 15 min of exposure to EddFing
on-call, the viability ratio of the bacterium begtn decline
and continued to decline much lower (Fig. 4).

ANOVA between samples were conducted with p<0.05

considered as statistically significant. Post-haonparison
using Tukey HSD test was carried out and the siaite
between each sample was analysed.
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Fig. 2 Number of viabl&. aureus cells following exposure to EMF
emitted by the mobile phone during standby. Eachdgaresents a
mean of six independent experiments performed plicates
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Fig. 3 Number of viabl&. aureus cells following exposure to EMF
emitted by the mobile phone during on-call modecrHaar
represents a mean of six independent experimerfamed in
duplicates. Asterisk (*) symbol indicates signifitly different
(p<0.05) in the number of viable cells of the exgmbsells compared
to the control
1.40

1.20 ) T

1.00 & & %\{

0.80 I

0.604

0.40

Viability Ratio (CFW/CFU;)

0.20

0.00

0 15 30 45* 60*
Time (min)
—o— Standby—e— On-call

Fig. 4 Viability ratio (CFY/CFU,) of S. aureus following exposure
to EMF emitted by a mobile phone during on-call atehdby
modes. Each point represents a mean of six readiggio >1

indicates an increased in cell viability while «iicates cell
mortality. Asterisk (*) represents significant @ifence in the number
of viable cells between the standby and on-caligso
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Fig. 5 The relative value of optical density readaf biofilm of all
conditions measured at 490 nm. Each point represenaverage of
six samples. The control consists of non-exposéshés ofS.

aureus and TSB refers to tryptose soy broth, was usdteadiluent
and as negative control.

IV. DISCUSSION

The normal flora of the EAC of a mobile phone uier
directly exposed to the HF-EMF of the phone. leiared that
prolonged used of mobile phones could have effentghe
biology of S aureus in the EAC which could lead to
complications to treatment & aureus infections.

Our results showed that the growth of Si@ureus was not
affected by the EMF that was emitted during standiuen
after prolonged exposure. However, when the phainan
on-call mode for more than 30 min, the emitted ENVHS able
to cause the bacterium to lose its viability. lisvedso observed
that after 30 min of exposure, the strength ofrtiagnetic field
and the temperature of the phone had increasedthwsut
increased in the temperature was insignificantlyalsnT his
observation leads to an assumption that cell nityrtalas
probably associated with the strength of magnégid frather
than the increased in the temperature.

Similar observation was reported by [25] that acréased
in magnetic strength had caused mortalityfEircoli whereby
the bacterium lost its ability to form colonies ahds, grew at
a slower rate than the controls [25]. Besides, that results
also support the report of [26] that the rate obvgh
retardation orParacoccus denitrificans was influenced by the
intensity of the magnetic field and duration of egpre of the
organism to the field.

When the bacterium was suddenly exposed to higmgtin
of magnetic field during on-call, we postulate thét
experienced sudden non-thermal “heat-shock” whictuced
the synthesis of heat shock protein (Hsp), with #m to
protect against degradation of bacterial DNA [42B]. It is
possible that the prolonged exposure to the magfietd had
caused over expression of Hsp which in turn paagatDNA
damage leading to cell mortality.

The frequency range of the mobile phone used sshidy
was 900 MHz to 1800 MHz. Within this frequency ranthe
EMF does not penetrate deeply into the body; inktéais
absorbed by the skin and the underlying tissues. lidat that
is generated in the tissue is then channeled idtodb
circulatory system [29].
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0.932 W/kg, which is within the allowable limit (&/kg) to
human tissue. To bacteria, this absorption ratddcba very
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Furthermore, the SAR of the phone used in thisysiad

high. Unlike human cells, bacteria are unicellular andsth

their ultra-thin cell-wall allows the energy to @trate deeper

into its cytoplasm and cause DNA damage. Couple thie

increasing strength of magnetic field, may attdbud the

further reduction in the number of viable cells.

phone did not affect the ability of th& aureus to produce

This study demonstrates that the HF-EMF producethby

biofilm. The strength of the magnetic field thaffelis during

the standby and on-call did not have an influencethe

biofilm formation. Although a report had shown tlzt-EMF
(50 Hz) exposed tddelicobacter pylori for 2 h was able to

interfere with cell adhesion during biofilm formari [30], the

effects of HF-EMF on cell adhesion 8faureus has yet to be

documented. [16]
V. CONCLUSION (17]
Prolonged used of a mobile phone which produced HF-

EMF affects the viability ofS. aureus but does not affect its

[18]

ability to produce biofilm. Additional work need tbe

performed to gather more information on other hiaal

[19]

changes in bacteria that may occur due to the expde HF-
EMF of mobile phones.

[20]
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