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SUMMARY

Microwaves are non-ionizing electromagnetic waves with frequencies between 0.3 and 300
GHz. Both humans and microorganisms living on the human body are exposed to significant
doses of microwave radiation in everyday life. Whether and how microwave radiation could
influence the viability and growth of microorganisms is the subject of this educational paper.

Studies on the effects of microwaves on the growth of microbial cultures were searched for in
biomedical journals indexed in MEDLINE from 1966 to 2012. The published studies showed
that microwaves produce significant effects on the growth of microbial cultures, which vary
from the killing of microorganisms to enhancement of their growth. The nature and extent
of the effect depend on the frequency of microwaves and the total energy absorbed by the
microorganisms. Low energy, low frequency microwaves enhance the growth of microor-
ganisms, whereas high energy, high frequency microwaves destroy the microorganisms.
However, neither the effects of a wide spectrum of frequencies nor the effects of a wide range
of absorbed energies have been investigated.

Considering the potentially deleterious influence of microwaves on the symbiotic balance
between microorganisms and the human host, further research on the effects of the complete
frequency and energy spectra of microwave radiation on the growth of microorganisms is
necessary.
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INTRODUCTION

Interactions between various types of electro-
magnetic radiation and living organisms have
attracted the attention of scientists since the
introduction of technical devices that operate
using electromagnetic waves. In the last decade,
the human population has been increasingly
exposed to radiation from microwave-operat-
ing devices, such as radars, diathermy devices,
and cellular or cordless phones; in the first quar-
ter of 2012 the number of mobile phone users
in China increased to 1 billion [1]. Together
with humans, thousands of bacterial species
and yeasts living on or in the human body are
exposed to significant doses of microwave radi-
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ation. Whether and how microwave radiation
could influence the viability (ability of micro-
organisms to survive in hostile environment),
pathogenicity (ability of microorganisms to
cause a disease) and growth of microorganisms
is the subject of this review.

MICROWAVES

Microwaves are non-ionizing electromagnetic
waves with frequencies between 0.3 and 300
GHz (i.e., with wavelengths from 1 meter to 1
millimetre, respectively) [2]. The most import-
ant sources of microwave radiation that humans
may encounter are various industrial microwave
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generators used for communications, that speed
up chemical reactions or are used for heating
(896 or 915 MHz); cellular phones (824-850,
900, 1800 or 1900 MHz); cordless phones (from
46 to 5800 MHz); microwave ovens (915 and
2450 MHz); certain diathermy applicators (915
and 2450 MHz); UHF radios (from 470 to 890
MHz); dish antennas (from 0.8 to 15 GHz); and
traffic radar (10.5 and 24 GHz). The energy of
microwaves is relatively low: one quantum has
approximately 107 electron volts (eV), which
is considerably lower than the quantum energy
needed for the ejection of an electron from a
molecule or the breaking of an intra-molecu-
lar bond (> 10 eV) [3]; therefore, microwave
radiation is considered non-ionizing radiation.

MECHANISM OF MICROWAVES ACTION
ON LIVING ORGANISMS

When irradiating living organisms, micro-
waves produce two types of effects: thermal
and non-thermal. Thermal effects are the con-
sequence of absorption of microwave energy
by cell molecules, causing them vibrate much
faster and producing general heating of the
cell [3]. The extent of microwave absorption
within a cell depends on its dielectric constant
and electrical conductivity [3]. The concept of
non-thermal effects of microwaves came from
experiments in which bacterial cultures were to
alarge extent destroyed by microwave-induced
heating than by other heating methods produc-
ing the same working temperature and from
studies showing an increase in the growth of
bacteria induced by microwaves [4]. The mech-
anism of the non-thermal action of microwaves
is still not completely understood. However, it
seems that changes in the secondary and/or
tertiary structure of functional proteins ensue
as a consequence of rotation and lining-up of
the molecules with a rapidly alternating electric
field (more than a billion times per second) [4].

SYMBIOSIS BETWEEN
MICROORGANISMS AND
HUMAN HOSTS

Billions of bacterial cells and yeasts live on the
human skin and mucosal surfaces, engaging in
a symbiotic relationship with the host. Recently,
it was estimated that 500 to 1,000 species of bac-
teria live in the human gut. Symbiotic bacteria

are useful to humans in a variety of ways: they
promote digestion of food and absorption of
nutrients, they synthesise vitamins (vitamin K
and biotin), they prevent the colonization of
pathogenic bacteria, and they improve func-
tioning of the immune system [5]. Symbiotic
bacteria on human skin even stimulate the pro-
duction of antimicrobial peptides by the cells of
the skin epithelium, aiding the skin’s defense
against pathogenic bacteria [6]. However, the
disruption of this symbiosis by external factors,
which either massively destroy commensals
(e.g., by antiseptics or antibiotics) or excessively
increase their growth (e.g., blind intestinal loop
syndrome or excretion of dextrose in urine),
may have adverse consequences on human
health and decrease defence against pathogenic
microbes [7]. In this way, many serious bac-
terial infections may ensue, like gastroenteri-
tis, pneumonia, urinary tract infections, skin
infections, etc. Considering the overwhelming
presence of microwave radiation in the human
environment, interactions between microwaves
and microorganisms have great potential to sig-
nificantly influence human health.

EFFECTS OF MICROWAVE RADIATION
ON MICROORGANISMS

Overall effects on growth

How microwaves will affect the growth of
microorganisms depends primarily on the fre-
quency of the radiation and the total energy
absorbed by the microorganisms (absorbed
dose). When microwaves are applied at certain
frequencies, with high energy and for a suffi-
ciently long period of time, their thermal effect
is most likely dominant and kills bacterial cells
or yeasts. Numerous experiments with micro-
wave irradiation of various cultures of bacteria
and yeasts in a wet environment such as a water
suspension did not show additional killing of
the microbes by microwaves compared to that
caused by conventional heating to the same
temperature [8, 9, 10]. However, in a dry envi-
ronment, the killing effect of microwave radia-
tion was significantly decreased and happened
only after a prolonged period of irradiation,
most likely due to a lower transformation of
microwave energy to heat. Some of the stud-
ies even showed that the extent of killing of
microorganisms (bacteria and bacteriophages
[viruses that attack bacteria]) was correlated
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with the moisture content of the experimental
specimens.

In contrast, when microorganisms were
irradiated with microwaves at temperatures
lower than the thermal destruction level; var-
ious effects were observed, from Kkilling to
enhanced growth. A specific killing effect of
microwaves on Escherichia coli, different from
the effect of hyperthermia, was observed in sev-
eral studies [11].

Thermal effects on growth

Because it was observed that the heating of
microorganisms to a certain temperature by
microwaves could kill them, many studies were
performed attempting to establish the minimal
dose of microwave energy that could be used
for disinfection or sterilization purposes. In
a study on toothbrushes contaminated with
Streptococcus mutans, a type of bacteria that
can cause dental caries, radiation from a micro-
wave oven at “high power” for five minutes
completely decontaminated the toothbrushes;
it was more effective than the antiseptic
cetylpyridinium chloride or UV-radiation [12].
Another study showed that microwaves could
be effectively used for reducing the number
of bacteria on previously worn dentures [13].
Microwaves with frequencies of 18 GHz, used
on bacteria that contaminated bovine pericar-
dium prepared for the construction of artifi-
cial heart valves, showed a strong inactivating
effect. Cultures of Staphylococcus aureus and
Escherichia coli were completely inactivated
after three consecutive exposures to radiation
with such characteristics [14]. When cultures
of Escherichia coli and spores of Bacillus cereus
were exposed to the maximum microwave
power in a home microwave oven, they were
completely destroyed after two and four min-
utes, respectively [15].

The thermal killing effect of microwaves
is non-selective, and various species of micro-
organisms will also be destroyed if a suffi-
cient dose is used (Table 1). When cultures
of Pseudomonas aeruginosa, Staphylococcus
aureus, Candida albicans, and Bacillus subtilis
contaminating dental resin were irradiated with
microwaves in a wet environment at 650 W for
1, 2, 3, 4 or 5 minutes, the killing effect was
observed after an exposure of two minutes or
longer. Candida albicans was more susceptible
to microwave radiation than bacterial cultures
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[16]. Similar effects were obtained for micro-
waves irradiating the same species of bacteria
inoculated on dentures in a wet environment at
650 W for 6 minutes. S. aureus and C. albicans
inoculums were completely destroyed, while
the number of P. aeruginosa and B. subtilis
cells was greatly reduced [17]. Being non-se-
lective, the killing effect of microwaves is syn-
ergistic with the effects of other non-selective
killing agents, such as disinfectants. In a study
of the interaction between microwaves and
the disinfectant hydrogen peroxide (0.08%),
the synergistic killing effect was achieved on
Escherichia coli and Pseudomonas aeruginosa
cultures after exposure for 10 minutes and a
maximum obtained temperature of 60°C [11].
Some environmental conditions may dimin-
ish the deleterious thermal effect of micro-
waves on microbes, including an increase in
the concentration of sodium chloride within
the extracellular medium. When cultures of
Staphylococcus aureus, Salmonella enteritidis,
Escherichia coli and Bacillus cereus inoculated
in a mashed potato preparation were exposed to
microwave (2450 MHz) heating for 1 min at 800
W, the percentage of killed cells was inversely
proportional to the concentration of sodium
chloride in the medium [18].

Non-thermal effects on growth

2An interesting finding was made in the study
of Grundler et al. [22]: at frequencies of 41, 640-
41, and 835 MHz, microwaves showed a reso-
nant-like effect on the growth of some yeasts,
including Saccharomyces cerevisiae, which
was not dependent on the amount of absorbed
energy from the microwaves. The growth was
interchangeably enhanced or decreased at steps
of 10 MHz within the frequency range stud-
ied. The mechanism of this effect could not be
explained by the authors.

Possible mechanisms of non-thermal
effects of microwaves on microbial
cultures

Understanding the mechanism of non-ther-
mal action of microwaves on microorganisms
is very important for the possible future use
of microwave technology or for avoidance of
its deleterious effects on humans, who live in
symbiosis with microbes. Not much is known
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Table 1. Effects of microwaves on microbial cultures depending on the frequency, power (or delivered energy) and microbial species

Delivered
energy

Frequency of microwaves

Saccharomyces
cerevisiae,
Not reported INCREASED/
DECREASED
GROWTH
rlnzir?u‘izg 180 ENHANCED
GROWTH
_ P. aeruginosa, P. acidovorans, S. .
gescoo\:]v(’jss 30 aureus and S. epidermidis, FN:E{T\I/J:T’I%I\?OH’
ENHANCED GROWTH
600 W, E. coli and spores of Bacillus
2—-4 minutes cereus, KILLED
650 W, P. aeruginosa, S. aureus, Candida
2-5 minutes albicans, and B. subtilis, KILLED
. S. aureus, Salmonella enteritidis, E.
S, e coli and B. cereus, KILLED
Aspergillus versicolor and
Penicillium brevicompactum) and
10 and 60 actinomycetal (Thermoactinomyces
mW/cmz2, vulgaris and Streptomyces albus)
5-60 minutes spores, VIABILITY OF FUNGI
DECREASED, VIABILITY OF
ACTINOMYCETES INCREASED
E. coli,
OPENINGS OF
2
A5 R PORES in the
cell membrane
Bacillus licheniformis spores,
2000 W, CORTEX HYDROLYSIS and Bacillus
2 minutes subtilis, AGGREGATION OF
CYTOPLASMIC PROTEINS
19 hours

E. coli,
INCREASE IN
PROLIFERATION

about the mechanisms because previous studies
have been limited in number and scope [23].
In a study in which Escherichia coli cultures
were exposed to microwaves (18 GHz, absorbed
power 1500 kW/m?, electric field 300 V/m) at
temperatures below 40°C (to avoid the ther-
mal effects of microwaves), transient mor-
phological changes (dehydrated appearance)
and openings of pores in the cell membrane
(approximately 20 nm in diameter, enabling
passage of dextran molecules) were observed
[24]. It seems that this effect is electro kinetic
in nature (caused by increased movements of
anions and cations), causing localized struc-
tural disarrangements of the cell membrane,
which results in the emergence of pores. Large
membrane pores cause leakage of vital intracel-
lular molecules out of the bacterial cells, which

may lead to their death. The effect was revers-
ible because more than 87% of exposed cells
remained viable. Similar effects of microwaves
on cell membranes were observed in another
study [25] in which Bacillus licheniformis
spores were irradiated with microwaves (2450
MHz, 2 minutes, 2 kW), which caused spore
cortex hydrolysis (brake of molecular bonds by
insertion of water), swelling and finally rupture,
as well as rupture of the inner membrane. This
effect could be attributed to the non-thermal
action of microwaves because the same tem-
perature (as produced by the microwaves) did
not cause such changes in the spore coat and
inner membrane. When microwave radiation of
the same characteristics was applied to Bacillus
subtilis vegetative forms [26], cell walls were
disrupted, and the aggregation of cytoplasmic
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(intracellular) proteins was detected on trans-
mission electron microscopy. Both the aggre-
gation of cytoplasmic proteins and swelling of
the cell wall were observed in Escherichia coli
and Bacillus subtilis after microwave irradiation
(2450 MHz and 600 W at 40, 60 and 80 degrees
of Celsius); these effects could not be attributed
to thermal damage because the same tempera-
tures from other heat sources did not produce
similar changes [27]. The disintegrating effect
of microwave irradiation is time-dependent,
where the intensity of the cell wall damage is
proportional to the total absorbed microwave
energy. Increases in irradiation time from 0 to
9 minutes resulted in a gradual increase in the
extracellular soluble chemical oxygen demand,
from 0.14 to 2.38 g/L (i.e., 72-fold).

Apart from their effects on cell membranes,
microwaves cause non-thermal acceleration
of enzymatic reactions in microbial cells, such
as non-aqueous esterification (formation of
ester-type of chemical compounds without
participation of water), and this effect is sub-
strate concentration-dependent [28]. Moreover,
microwaves can accelerate synthesis of glyco-
peptides in vitro (out of the living cells), which
may occur in microbial cells, changing their
functions [29]. It was shown in human cells that
microwaves could decrease the expression and
activity of certain functional proteins that cause
apoptosis. When SH-SY5Y cells, obtained by
retinoic acid-induced differentiation of human
neuroblastoma cells, were exposed for 2 h and 4
h to microwaves at a 1800 MHz frequency, mark-
ers of apoptosis (heat-shock proteins 20, 27 and
70, caspase-3) were not increased. Instead, the
expression of Hsp 20 was decreased, potentially
prolonging survival of the tested cells [30]. Such
effect led to prolonged survival and increased
growth of neuroblastoma cells, originating
from an extremely malignant cancer. Similar
stimulatory effects of microwaves on growth
of Escherichia coli cultures were noted, but the
exact molecular mechanism of the effect was
not discovered. The irradiation of suspensions
of Escherichia coli by microwaves at a frequency
of 99 GHz for 19 hours caused a slight increase
in proliferation of the bacteria compared with
control suspensions. The mechanism of this
effect was not clear because the irradiation did
not influence approximately 90 different bio-
chemical reactions within the Escherichia coli
cell that were tested in the same study [31, 32].

Hospital Pharmacology. 2014; 1(2):102-108

CONCLUSIONS

Many studies show that microwave radiation
can have significant effects on the growth of
microbial cultures, which can vary from kill-
ing of microorganisms to enhancement of their
growth. The nature and extent of the effects
depend on the microwave frequency and the
total energy absorbed by the microorganisms.
It seems that low energy, low frequency micro-
waves enhance the growth of microorganisms,
while high energy, high frequency microwaves
destroy the microorganisms. However, neither
the effects of a wide spectrum of frequencies
nor the effects of a wide range of absorbed ener-
gies were investigated. Considering the poten-
tially deleterious influence of microwaves on
the symbiotic balance between microorganisms
and the human host, there is a high demand for
further research on the effects of the complete
frequency and energy spectra of microwave
radiation on the growth of microorganisms.
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Dejstva mikrotalasnog zra€enja na kulture
mikoorganizama

Slobodan M. Jankovi¢, Milorad Z. MiloSev, Milan L]. Novakovié

Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Kragujevac, Srbija

KRATAK SADRZA)

Mikrotalasi su nejonizujuci elektromagnetni talasi sa frekvencijama izmedu 0,3 i 300 GHz. | ljudi
i mikroorganizmi koji Zive na organizmu ¢oveka su izloZeni znacajnim dozama mikrotalasnog
zracenja u svakodnevnom Zivotu. Predmet ovog edukativnog rada je pitanje da li i na koji nacin
mikrotalasno zracenje moZe da utice na vitalnost i rast mikroorganizama.

Studije o efektima mikrotalasa na rast kultura mikroorganizama su trazene u biomedicinskim
Casopisima indeksiranim u bazi podataka MEDLINE od 1966. do 2012. godine. Objavljene studije
su pokazale da mikrotalasi deluju na kulture mikroorganizama, bilo da ih ubijaju ili pospesuju
njihov rast. Priroda i velic¢ina dejstva zavise od frekvencije mikrotalasa i ukupne energije koju
mikroorganizmi apsorbuju. Mikrotalasi male energije i niske frekvencije pospesuju rast mikro-
organizama, dok mikrotalasi velike energije i visoke frekvencije uniStavaju mikroorganizme.
Medutim, dosad nisu ispitivana dejstva mikrotalasa Sireg spektra frekvencija i veeg opsega
energije.

Uzimajuci u obzir moguce Stetne efekte mikrotalasa na simbioticku ravnoteZu mikroorganizama
i coveka kao domacina, neophodno je obaviti dodatna istrazivanja delovanja €itavog spektra
frekvencija i energija mikrotalasa na rast mikroorganizama.

Kljucne reci: mikrotalasi; kulture mikroorganizama; ucestalost; apsorbovana energija; rast
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