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Abstract
It is known that antibiotics cause allergies in some people as well as their overdoses inducing kidney and
liver failure. They may also cause side effects such as glossitis, stomatitis, nausea, vomiting, pseudomembranous colitis, diarrhea, skin erythema, and dermatitis. In this study, possible antibacterial effects of electromagnetic waves were investigated to find an alternative solution to antibiotics. To investigate antibacterial
effects of electromagnetic waves, E. coli and B. subtilis were considered as example organisms. As a result of
performed experimental studies, it was shown that electromagnetic waves suppress the growth of microorganisms.
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Introduction
There are many studies in the literature about the effects
of electromagnetic waves on living organisms [1-7]. The
increase in the use of mobile phones in daily life and the
decrease in the age of using them have focused this interest
on mobile phones and their effects on human health [7-11].
Other reasons for the increase in interest are keeping and
using these devices close to the vital organs [12].
Direct determination of the effects of electromagnetic
waves emitted by mobile phones on human health is quite
difficult. Therefore, the effects are tried to be determined
indirectly. Performed studies are gathered in a few groups
such as epidemiological studies [13], research performed
on animal models [15] and cell studies [12].
In this study, unlike other researchers, possible anti-bacterial effects of electromagnetic waves emitted by mobile
phones have been investigated, but not their harmful effects
on human health. Today, antibiotics, including several active
*e-mail: hasanbalik@gmail.com

substances, are used as antibacterials. It has been noted in
the literature that some people are allergic to antibiotics as
well as overdoses of them inducing kidney and liver failure,
and they may also cause side effects such as glossitis, stomatitis, nausea, vomiting, pseudomembranous colitis, diarrhea, skin erythema, and dermatitis, depending on the antibiotic used [18, 19]. All these limit the use of antibiotics.
However, it is known that the majority of patients lose their
lives because of the infections caused by microorganisms
since malignant diseases like cancer and aids destroy the
immune system [16, 17, 20]. Therefore, finding alternative
ways that may have effects on microorganisms is essential.
In this publication, E. coli and B. subtilis were considered as
example organisms in order to investigate antibacterial
effects of mobile phones. Widely used cell phones were preferred as electromagnetic wave producers.

Biological Effects of Electromagnetic Waves
There is no direct relationship between the frequency
and penetration of electromagnetic waves into tissues [8].
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Bacteria and Their Growth Stages
Bacteria are the simplest protists in which vital events
take place. They are reproduced by division and they can
maintain their lives without the assistance of another organism. With the discovery of the microscope, beside these
organisms, existence of bacteria that are invisible to the
naked eye was proven and studies on bacteria were also
increased [2, 26]. Bacteria form a group that reproduces
quickly unlike plants and animals and is of great importance in ensuring the balance of the living world in terms of
their biochemical effects. Bacteria are the world’s largest
number of members [38, 41] and they affect human life in
many ways. Bacteria propagate quickly, according to their
species in an appropriate medium, at an appropriate temperature and environmental conditions [39, 40].
Propagation rates in bacteria differ depending on the
species and environmental conditions. The overall growth
curve of bacteria is shown in Fig. 1. Growth of bacteria
occurs geometrically. Growth of bacteria planted in an
appropriate broth is investigated in four phases. These phases are latent period, logarithmic period, standstill period,
and death period [38, 41].

Latent Period
In this phase, propagation does not take place in bacteria incubated in the new medium. Bacteria try to be adapted to the medium. For this purpose, enzyme production and
their metabolisms increase. A decrease in the number of
bacteria can be seen because of deaths of bacteria that are
not adapted to the medium. For bacteria that have adapted
to the medium and prepared sufficient enzyme, organic and
inorganic materials begin to propagate [38, 41].

Logarithmic Period
Bacteria that passed the latent phase begin to reproduce
via dividing in certain generation times by certain intervals.
Logarithmic phase curve of the bacteria is determined in
this period with samples taken in certain intervals [38, 41].

Standstill Period
Propagation slows down as a result of the change of initial conditions in limited amount of broth where bacteria
reproduce, the decrease of energy and nutrient and the
increase of toxic wastes. Reproductive processes of bacteria are slowed down by the decrease of broth in the medium, the increase of metabolism wastes, and the increase of
suppression in environmental conditions [38, 41].

Death Period
Bacteria begin to die after a while unless conditions
such as the decrease of the nutrient amount in the nutrient
medium, the slowdown of metabolisms change. Bacteria
population begin to decrease in time. Bacteria that can
maintain their vital functions by adapting to the formed new
medium can be found. Therefore, the population is never
zero. Growth stages of bacteria in the broth and their life
curves are shown in Fig. 1 [38, 41].
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It is necessary to determine the specific absorption rate
(SAR) to be able to determine biological effects of
electromagnetic waves, and especially cell phones,. For
this purpose, specific absorption rate (SAR) of tissues
on structures prepared from special gels indicating the
same electrical properties as tissues are tried to be
determined [8, 15, 23]. Electric fields and magnetic
fields generated by electromagnetic waves on tissues;
create two kinds of effects: thermal and non-thermal.
Thermal effects are expressed as the change occurring in biological tissue as a result of conversion of
energy of the electromagnetic wave absorbed by biological tissue into heat within the cell and the increase
of the heat of the tissue. Electric and magnetic field
vectors of the electromagnetic wave cause loaded molecules within biological tissue to move by applying a
force to these molecules. At a certain frequency (900
MHz, 1800 MHz), heat energy is released as a result of
the friction of molecules within the tissue by the
deflection of these forces constantly and the interaction
with the other molecules. This released heat continues
until temperature compensation takes place by the tissue [8, 15, 23].
Non-thermal effects are the effects mostly generated by the wave as a result of its energy. Being of performed scientific studies reproducible will confirm the
accuracy of performed investigations on this subject.
Non-thermal effects of mobile phones on many subjects such, as their effects on DNA, their effects on the
human sensory system, nervous system, brain tumors,
their effects on bacteria, and their effects to protein
synthesis are tried to be determined by experimental
and epidemiological studies [1-5, 24-36].
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Fig. 1. Growth curve of the bacteria in broth [41].
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In order to investigate antibacterial effects of electromagnetic waves, E. coli was chosen since it exists in human
intestinal flora [39], and B. subtilis since it is a kind of bacteria that produces antibiotic and spore, protects itself
againts stressful mediums. It is also known that B. subtilis
has a capsule wheras E. coli has no capsule [43]. In Fig. 1,
the growth curve of the bacteria in the isolated broth to
where electromagnetic waves were not applied is given.

Material Method
Materials
1) Bacteria: E. coli JM105 cells were kindly provided by
Prof. Dr. Dilek Turgut-Balik and B. subtilis cells by
Assist. Prof. Dr. Seher Gur.
2) Electromagnetic Field Exposure System: The system
detailed by Akbal et al, [12] was used.
3) Laboratory: Experiments were performed in the molecular recognition laboratory in the Biology Department
of Fırat University, Faculty of Arts and Science.
4) Growth medium: Nutrient broth (meat peptone 5 g,
meat extract 3 g) was used as 8 g/l. The sterilization
process was performed at 121°C in an autoclave.

Methods
Experimental Setup
The setup used is that described by Akbal et al. [12] and
given in Fig. 2. In this setup, a cell phone with 1 mW of
antenna output power that works in GSM 1800 MHz was
used. Interviews were made by mobile phones. This is
because mobile phones work as DTX (discontinuous transmission). DTX is the system that provide data transmission
only during the interview. At other times (in cases where no
interviews take place) the receiving party in these systems
hears nothing since there is no data transmission (data
transmission will not occur). Therefore, an informative sign

was sent for the realization of the modulation during the
interview in the experiment. This 4.6 ms of informatory
sign is sent with the help of a mobile phone by compressing it to 0.58 ms. A mobile phone and base stations send a
0.58 ms of pulse per 4.6 ms (ie, 217 pulses/second = 217
Hz). The energy transfer is also realized in this way.
Antennas of mobile phones that were used in the mobile
phone experimental setup (constituted as in [12]) were prepared as toward biological substances to be exposed to the
electromagnetic wave and placed into special places. The
signal generator was connected to the audio input of the
mobile phone. Afterward, the experimental setup was
placed in the oven in order to avoid the heat generated by
mobile phones during data transmission to change the
ambient temperature and to maintain a constant temperature. Signals produced randomly with the help of a computer used as a signal generator were applied to mobile
phones that were placed into the oven and realization of a
data transmission was provided. Bacteria cells in the control group were incubated using an incubator that is in
another laboratory ambient where no cell phones are used
and different than those of the experimental setup.
Optical Density (OD) Measurement
by Spectrophotometer
A spectrophotometer generates light with a desired
wavelength and passes the light through a sample that is
placed in a specially prepared cuvette and measures the
intensity of the light passing through the sample. The sample to be measured is placed into these specially prepared
cuvettes. Afterward, they are placed into a specially prepared chamber within the spectrophotometer apparatus.
When the apparatus starts to run, the light from the light
source with a wavelength adjusted according to the molecules to be measured focuses onto the chamber, and this
light passing through the cuvette within the chamber is
sensed by sensitive sensors. It gives the optical density
(OD) value according to the amount of light sensed [43]. In
this study, a spectrophotometer was used to measure the
number of bacteria in the culture medium.

Experimental Study
Sound

Sound
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Fig. 2. Experimantal setup [12].

Signal
Generator

In this study, experiments were performed to investigate
whether electromagnetic waves have antibacterial effects.
First of all, it is necessary to grow bacteria in appropriate broth to study the effects of electromagnetic waves
emitted by mobile phones on the growth of bacteria. The
nutrient Buyyon was prepared as described and used as the
growth medium. Both bacteria were grown by using the
same protocol. 5 ml of nutrient buyyon was inoculated with
the appropriate bacterial cells and grown overnight at 37ºC
in a shaking incubator to obtain starting bacterial cultures.
On the next day, 1 ml of the overnight bacterial culture was
added to the fresh 200 ml buyyon and cells were allowed to
grow to OD600:0.6, or the value where bacterial culture
reaches to the logarithmic phase [39, 41, 42]. This 200 ml
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Table 1. Average OD600 results of experiment and control groups for E. coli and B. subtilis.
Experiment Result

Sample Time

E. coli

B. subtilis

OD600 Result

OD600 Result

Control

Experiment

Control

Experiment

0. hour

0.627±0.0083

0,6673±0.0121

0.0125±0.0011

0.0120±0.0022

1. hour

0.899±0.0401

0,8567±0.0519

0.0165±0.0011

0.0200±0.0089

2. hour

1.240±0.0681

1,0870±0.1134

0.0470±0.0022

0.0535±0.0122

3. hour

1.435±0.1003

1,1017±0.0898

0.2045±0.0078

0.1715±0.0055

4. hour

1.617±0.0849

1,1400±0.0182

0.4540±0.0536

0.4025±0.0100

5. hour

1.740±0.1211

1,1067±0.0433

0.8495±0.0682

0.7710±0.0380

6. hour

1.763±0.0997

1,1000±0.0555

0.9035±0.0145

0.8440±0.0536

7. hour

1.780±0.0890

1,0367±0.0623

0.8830±0.0156

0.7655±0.0324

8. hour

1.787±0.0820

0,9733±0.0709

0.8330±0.0290

0.7420±0.0469

9. hour

1.757±0.0847

0,8600±0.0398

0.8110±0.0223

0.6845±0.0122

10. hour

1.767±0.0848

0,8433±0.0342

0.7390±0.0447

0.6470±0.0447

each samples were measured in the spectrophotometer
without any delay and results of the measurement were
recorded. All studies were performed in sterile conditions.
Thus the effects of electromagnetic waves emitted by
mobile phones on bacterial growth were tried to be determined properly. Experiments were repeated three times in
order to show that the experiments to investigate effects of
the electromagnetic waves on bacterial growth, and thereby its antibacterial effects, are reproducible, and to determine whether results are consistent. Results are given in
Table 1.

bacterial culture at OD600:0.6 was divided in equal volumes
into two sterile flask at completely sterile conditions. Then
the first flask having the appropriate bacterial culture was
exposed to the electromagnetic waves emitted by mobile
phones at 1800 MHz in a shaking incubator at 37ºC. The
other half of the bacterial culture was placed into another
shaking incubator at 37ºC, in a different laboratory environment for the purpose of control. Samples were taken
from these two groups of bacterial culture (control and
experiment cultures) during the experimental application
throughout 10 hours by intervals of one hour. OD600 of
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Experimental Results and Discussion
Experimental average OD600 values of three repeats were
given for both control and experimental groups for each bacterial species, E. coli and B. subtilis (Table 1). We performed
three experiments to find out the effects of the electromagnetic wave on bacterial growth as given in Table 1.
Growth of bacteria in the latent period may present
decreases from time to time because of deaths of bacteria at
a high rate during the adaptation to the medium where they
exist. The results after the bacteria have reached logarithmic phase were interpreted to avoid misinterpretation of
bacterial deaths during the adaptation process to the medium in latent period of bacteria.
As seen in the experimental results belonging to E. coli
and B. subtilis, the experiment was initiated after bacteria
reached the logarithmic phase. Values in Table 1 and the
standard error are seen graphically in Fig. 3.
As seen from the results, it was determined that E. coli
and B. subtilis were affected by the electromagnetic wave.
In the performed study, it was determined that electromagnetic waves affected the growth of E. coli and B. subtilis,
and that bacteria tried to be adapted to the normal medium
within the period until log phase (latent period), but bacteria exposed to the electromagnetic wave could not be adapted to the medium. It was determined that this case caused
the experiment group of bacteria to reproduce less than the
control group and reach death period earlier. However, it
was observed that E. coli was affected by electromagnetic
waves more in comparison to B. subtilis. B. subtilis is a bacteria known to have a capsule. Having B. subtilis (a capsule) and having E. coli (no capsule) were evaluated as the
reasons for B. subtilis to be affected by electromagnetic
waves less in comparison to E. coli.

1593
4.

5.

6.

7.
8.

9.
10.

11.
12.

13.

14.

15.

Acknowledgments
We thank Prof. Dr. Dilek Turgut-Balık, Assist. Prof. Dr.
Seher Gür, and Res. Assist. Venhar Çelik.

16.

17.

References
18.
1.

2.

3.

ROGACHEVA S. M., KUZNETSOV P. E., MALININA U.
A., POPYHOVA E. B., DENISOVA S. A., SOMOV A. U.
Combined effect of electromagnetic radiation of extremely
high frequencies and chemical compounds on biological
objects, Toxicol. Lett., 164, 123, 2006.
SEITZ H., STINNER D., EIKMANN T., HERR C.,
RÖÖSLI M. Electromagnetic hypersensitivty (EHS) and
subjective health complaints associated with electromagnetic fields of mobil phone communciation – a literature review
publish between 2000 and 2004, Sci. Total Environ., 349,
45, 2005.
ZOTTI-MARTELLI L., PECCATORI M., MAGGINI V.,
BALLARDIN M., BARALE R. Individual responsiveness
to induction of micronuclei in human lymphocytes after
exposure in vitro 1800 MHz microwave radiation, Mutat.
Res.-Gen. Tox. En., 582, (1-2), 42, 2005.

19.
20.

21.

22.

LERCHL A. Letter on 'The effect of pulsed 900-MHz GSM
mobile phone radiation on the acrosome reaction, head morphometry and zona binding of human spermatozoa' by
Falzone et al., Int J Androl, 34, 20, 2010.
KWON M.S., HÄMÄLÄINEN H. Effects of mobile phone
electromagnetic fields: critical evaluation of behavioral and
neurophysiological studies. Bioelectromagnetics, 32, (4),
253, 2010.
KESARI K.K., KUMAR S., BEHARI J. Effects of radiofrequency electromagnetic wave exposure from cellular
phones on the reproductive pattern in male wistar rats. Appl.
Biochem. Biotech., 164, (4), 546, 2011.
ŞEKERCI S., KORKUT A. Dangerous Toys, Kaya Press,
İstanbul, pp. 158, 2005.
http://www.xbitlabs.com/news/mobile/display/20100701231849
_The_Number_of_Mobile_Phone_Users_Will_Exceed_Five
_Billion_by_Year_s_End_Analysts.html
http://www.tuba.gov.tr/habergoster.php?haber=bdhaber_09
ŞEKERCI S. Biological Effects of Electromagnetic Fields
Safety Standards and Protection Methods, Bogazici
University Publications, pp. 381, 1991.
ŞEKER S., ÇEREZCI O. Radiation around us and
Prevention Methods, Bogazici University, pp. 350, 1997.
AKBAL A., KIRAN, Y., SAHIN, A., TURGUT-BALIK, D.,
BALIK, H. H. Effects Of Electromagnetic Waves Emitted
By Mobile Phones Operates At 1800 Mhz On Germination,
Root Growth And Root Tip Cell Mitotic Division Of Lens
Culinaris Medik, Pol. J. Environ. Stud. 21, (1), 23, 2012.
BALIKCI K,. CEM OZCAN I., TURGUT-BALIK D.,
BALIK H. H. A Survey Study on Some Neurological
Symptoms and Sensations Experienced by Long Term Users
of Mobile Phones, Patologie Biologie, 53, 30, 2005.
BALIK H. H., TURGUT-BALIK D., BALIKCI K., CEM
OZCAN I. Some Ocular Symptoms and Sensations
Experienced by Long Term Users of Mobile Phones,
Pathologie Biologie, 53, 88, 2005.
KUTLU S., BALIKCI K., ALCIN E., OZCAN M., SERHATLIOGLU I., POYRAZ M., YILMAZ B., KELESTIMUR H. Effects of electromagnetic field exposure on catecholamine concentrations in the brain cortex, striatum and
hypothalamus in the male rat, The 7th International Congress
of Neuroendocrinology, Rouen, France, P1-223, 2010.
BARTLETT J.G. Panel on Clinical Practices Issues Revised
Adult Antiretroviral treatment Guidelines. The Hopkins
HIV Report, 15, (5), 2003.
Acquired Immune Deficiency Syndrome, A.D.A.M.
Medical Encyclopedia. http://www.ncbi.nlm.nih.gov/
pubmedhealth/PMH0001620, Pubmed, 2011.
ROBINSON J.L., HAMEED T., CARR S. Practical aspects
of choosing an antibiotic for patients with reported allergy to
an antibiotic. Clin. Infect. Dis., 35, 26, 2002.
ÇETINKAYA F. Current opinions on penicilin and other
beta-lactam antibiotic allergies, Türk Ped Arş, 43, 36, 2008
Antibiotic Usage Control Sub-Committee on the Use of
Antibiotics GATA, Infection Control Committee.: 3, GATA
Publication, 2000.
QIN J.M., YIN P.H., LI Q., SA Z.Q., SHENG X., YANG L.,
HUANG T., ZHANG M., GAO K.P., CHEN Q.H., MA
J.W., SHEN H.B. Anti-tumor effects of brucine immunonanoparticles on hepatocellular carcinoma, Int J
Nanomedicine, 7, 369, 2012.
ICNIRP, International Non-Ionizing Radiation Committee
of the IRPA Guidelines on Limits of Exposure to radiation
Frequency EM Fields in the Frequency Range from 100 kHz
to 300 GHz, Healt Physics, 4i4494-522, 1998.

1594
23. SEVGI L. Electromagnetic Compatibility, TMMOB
Chamber of Electrical Engineers, Yapım Publication,
İstanbul, pp. 273, 2000.
24. POMERAI D., DANIELLS C., DAVID H., ALLAN J.,
DUCE I., MUTWAKI M., THOMAS D., SEWELL P.,
TATTERSALL J., JONES D., CANDIDO P. Cell biology:
Non-thermal heat-shock response to microwaves, Nature,
405, 417, 2000.
25. VALSECHI O. A., HORRI J., ANGGELIS D. The Effect of
Microwaves on Microorganism, Arq. Institute Biology, 71,
(3), 399, 2004.
26. PANAGOPOULOS D. J., KARABARBOUNIS A., MARGARITIS L. H. Effect of GSM 900 MHz Mobile Phone
Radiation on the Reproductive Capacity of Drosophile
melangaster, Electromagnetic biology and medicine, 23,
(1), 29, 2004.
27. LIU S. L., CHEN G., YONG M. S. EMC characterization
and process study for electronics packaging Thin Solid
Films, 462-463, 454, 2004.
28. MARINO A. A, CARRUBBA S. The effects of mobilephone electromagnetic fields on brain electrical activity: a
critical analysis of the literature., Electromagn Biol Med. 28,
(3), 250, 2009.
29. YOSHIO T., HIDEKI H., SHIN K., YUKIHISA S.,
MASAO T., JUNJI M. Effects of Continuous and
Intermittent Exposure to RF Fields With a Wide Range of
SARs on Cell Growth, Survival, and Cell Cycle
Distribution, Bioelectromagnetics, 27, 392, 2006.
30. HOSSMANN K.A., HERMANN D. M. Effects of
Electromagnetic Radiation of Mobile Phones on the Central
Nervous System, Bioelectromagnetics, 24, 49, 2003.
31. HAARALA C., BERGMAN M., LAİNE M., REVONSUO
A., KOİVİSTO M., HÄMÄLÄİNEN H. Electromagnetic
Field Emitted by 902 MHz Mobile Phones Shows No
Effects
on
Children’s
Cognitive
Function,
Bioelectromagnetics (Supplement), 7, S144, 2005.
32. BELYAEV I.Y., KOCH C.B., TERENIUS O.,
ROXSTRÖM-LINDQUIST K., MALMGREN L.O., H
SOMMER W., SALFORD L.G., PERSSON B.R. Exposure

Akbal A., Balik H. H.

33.

34.

35.

36.

37.

38.

39.
40.
41.
42.
43.

of Rat Brain to 915 MHz GSM Microwaves Induces
Changes in Gene Expression But Not Double Stranded
DNA Breaks or Effects on Chromatin Conformation,
Bioelectromagnetics, 27, 295, 2006.
TKALEC M., MALARİĆ K., PEVALEK-KOZLİNA B.
Influence of 400, 900, and 1900MHz Electromagnetic
Fieldson Lemnaminor Growth and Peroxidase Activity,
Bioelectromagnetics, 26, 185, 2005.
TUSCHL H., NOVAK W., MOLLA-DJAFARİ H. In vitro
Effects of GSM Modulated Radiofrequency Fields on
Human Immune Cells, Bioelectromagnetics, 27, 188,
2006.
BARTSCH H., KÜPPER H., SCHEURLEN U., DEERBERG F., SEEBALD E., DIETZ K., MECKE D., PROBST
H., STEHLE T., BARTSCH C. Effect of chronic exposure
to a GSM-like signal (mobile phone) on survival of female
Sprague-Dawley rats: modulatory effects by month of birth
and possibly stage of the solar cycle., Neuro Endocrinol
Lett., 31, (4), 457, 2010.
BAK M., DUDAREWICZ A., ZMYŚLONY M., SLIWINSKA-KOWALSKA M. Effects of GSM signals during
exposure to event related potentials (ERPs)., Int J Occup
Med Environ Health., 23, (2), 191, 2010.
HANSSON B., THORS B., TÖRNEVIK C. Analysis of the
effect of mobile phone base station antenna loading on localized SAR and its consequences for measurements.
Bioelectromagnetics., 32, (8), 664, 2011.
COOPER, HAUSMN R. E., ÇEVIRI: SAKIZLI M.,
ATABEY N. Cell Molecular Approach, Izmir Medical
Bookstore,, İzmir, pp. 713, 2006.
BILGEHAN H. Basic Microbiology and Immunology,
Baris Pressed, İzmir, pp. 622, 2002.
ÖZÇELIK S. General Microbiology, Suleyman Demirel
University Press, Isparta, pp. 259, 1998.
ARDA M., 2000, Basic Microbiology, Medisan Press,
Ankara, pp. 548, 1998.
TEMIZKAN G., ARDA N. Methods in Molecular Biology,
Nobel Book Stores, İstanbul, pp. 345, 2004.
http://microbewiki.kenyon.edu/index.php/Bacillus_subtilis

