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Abstract— In the last few decades, the use of microwave radiation has greatly increased in
radar and communication systems, food-processing technology and medical field. Development
of consumer and medical microwave devices for clinical diagnosis and therapy has also prompted
widespread interest and stimulated much research into the mechanisms of interaction between
microwave radiation and living matter. Two types of effects can be ascribed to microwaves, i.e.,
thermal and non-thermal. Non-thermal biological effects are measurable changes in biological
systems that may or may not be associated with adverse health effects. It was shown that low
power microwaves can affect enzymes activities. Little is known about the molecular mechanisms
involved in putative non-thermal effects. One hypothesis is that low power microwave radiation
can induce dipole oscillations in a protein’s active site and thus, can alter its function. This
study evaluates the effect of low power microwave radiation on the proliferation rate of yeast
Saccharomyces cerevisiae strains type II, which were exposed to the microwaves at the frequencies
of 500 MHz and 900 MHz and the selected powers of 0 dBm, 10 dBm, −10 dBm, 13 dBm, −13 dBm,
17 dBm and −17 dBm using the Transverse Electro-Magnetic (TEM) cell. The average specific
absorption rate (SAR) for a single cell was 0.12 W/kg. SAR was calculated by averaging the
individual parameters of the cell components in accordance with their volume fraction in live
cells. A comparative analysis of changes in the proliferation rate of the irradiated vs. nonradiated yeast cells was performed for the selected frequencies and powers, with the results being
presented and discussed.
1. INTRODUCTION

In recent years microwave radiation, which is a type of non-ionizing electromagnetic radiation, has
been widely used for different applications in medicine, food technology and mobile communication.
Use of mobile phones is growing exponentially and consequently, the exposure to weak radiofrequency microwave radiation generated by these devices is markedly increasing. Accordingly, public
concern about the potential hazards on human health has grown [1]. In this study, we investigated non-thermal effects of low power microwaves which, as reported, can induce changes at the
molecular and cellular levels.
It is well-documented that yeast cells are representatives of eukaryotes, including human cells,
in many aspects of fundamental cellular processes [2]. Yeast Saccharomyces cerevisiae was recommended as a model organism to study effects of electromagnetic radiation (EMR) and conduct
experiments under well-controlled conditions [3]. Two types of yeast cells are commonly employed
as models for biomedical research, i.e., the budding or brewer’s yeast Saccharomyces cerevisiae and
fission yeast Schizosaccharomyces pombe [4, 5]. In culture, yeast cells follow a very predictable
pattern of growth that can easily be divided into four phases: (i) lag — no growth occurs as newly
pitched yeast mature and acclimate to the environment; (ii) log — cells are rapidly growing and
dividing, the growth rate in this phase will follow first order kinetics, as cell-number increases, cell
growth begins to slow; (iii) deceleration — no growth occurs due to high waste concentration or
complete substrate consumption; and (iv) stationary phases [6]. Likewise, in most growing eukaryotic cells, the cell cycle is divided into two basic parts: mitosis and inter-phase (three phases).
The phases proceed successively, taking for 10–20 hrs depending on cell type and developmental
state [8]. Although yeast cells are single cells, they are true eukaryotes, and share fundamental cell
features with metazoan systems [9, 10]. Both yeast cells, Saccharomyces cerevisiae and Schizosaccharomyces pombe, are typically maintained as haploid cells; they also have a diploid sexual cycle,
e.g., haploid cells of opposite mating types can mate, resulting in cell and nuclear fusion. Thus,
the entire life cycle of yeast cells provides a simple model for events occurring in human cells [3].
A number of studies investigated the growth pattern of yeast cells exposed to microwaves. In
a research by Grundler [11], a diploid wild strain of S. cerevisiae cells were exposed to microwaves
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at 40–60 GHz and powers of up to 50 mW, which were transmitted by a waveguide. The findings
showed that these exposures induced alterations in the yeast growth rate. Grundler and colleagues
also reported that yeast cell growth was affected by low intensity microwave radiation at the
frequencies of 41.64–41.835 GHz. These effects were shown to be strongly frequency-dependent
and not correlated with the microwave powers used [12]. In other studies, yeast cells were exposed
to both static and alternative Magnetic Fields (MFs) of varying strengths and durations [13]. As
reported, Saccharomyces cerevisiae yeast cells were exposed to homogeneous and inhomogeneous
magnetic fields to study the effects of MFs on yeast cell growth and development. Yeast cells were
dispersed in a reagent and then exposed to a strong magnetic field using a magnetic circuit with
the strength of 2.93 T. Researchers observed the differences in the budding angles of the yeast cells
between the homogeneous and the inhomogeneous MFs, which were caused by alteration of the
budding mechanism [13].
In [14], Saccharomyces cerevisiae yeast cells were preserved on malt extract agar slopes at
room temperature and then exposed to microwaves (quasi-optical setup for more accurate result)
ranging from 192 to 341 GHz with the selected powers in mW range. The tests were performed in
3 different groups according to the microcolonies’ size and different time exposures (30 to 150 min).
A statistically significant difference was observed between the control and exposed groups. That
was apparent for all of the exposure times except for that at 150 min. The results suggest that
exposure duration has the greatest impact on cells at an early growth stage [14]. In [15], TEM cell
was used to expose b-tubulin mutant Saccharomyces cerevisiae yeast cells. The possibility of using
a device to detect electromagnetic emission of yeast cell at 42 GHz was studied. The device was
composed of the wave resonator, wave low noise amplifier, temperature control, and the spectrum
analyser. The yeast cells were kept inside the waveguide resonator and then exposed to microwaves
at 42 GHz. The main outcome of the estudy was that the system could provide threshold conditions
for electromagnetic waves emitted by the yeast cell [15]. Noteworthy, the effect of microwave
radiation on the mammalian cells are controversial and no conclusion has been reached [16–18].
The results of various studies on mammalian cells could not demonstrate microwave-induced DNA
damage and cell proliferation. In contrast, other studies have reported that modulated microwave
radiation is capable of causing DNA lesions and inhibition of cell proliferation [19, 20].
In this study, the experimental testing was conducted on yeast cells of Saccharomyces cerevisiae
strain, which were exposed to microwave radiation at the frequencies of 500 MHz and 900 MHz
and a power of 1 W. The commercial TEM cell was used to irradiate yeast cells. The parameters
considered were test volume, microwave frequencies, and electric field distribution. A 3D model
based on the finite element method (FEM) using COMSOL Multi-physics software was created.
The modelling results were then validated by a simulation using Finite-Difference Time-Domain
(FDTD), as well as experimental testing of the scattering parameters and voltage standing wave
ratio.
2. MATERIALS AND METHODS

As a source of microwave radiation, we used a TC-5062AUHF TEM cell (100 kHz–3 GHz) from
TESCOM Ltd (Unitechvill, Goyang, Korea). Through the input port, an external signal was
applied to generate a predictable field inside the Gigahertz Transverse Electro-Magnetic (GTEM)
cell. The GTEM was used to irradiate the yeast samples; the TC-5062A is an accurate, broad band
RF coupler with a high quality shielding wall. The use and calibration of GTEM was described in
details in our previous work [33].
The S. cerevisiae yeast powder was purchased from Sigma (Australia). The experimental solution
was prepared as follows: 50 g/l of YPD broth (Sigma, Australia); 20 g/l of S. cerevisiae yeast, and
ionized water. The solution was incubated at 240 C for 72 hrs. Then the solution was kept at
40 C. The yeast samples were prepared by diluting the experimental solution as 1 ml in 100 ml of
the ionized water (1 : 100). The yeast samples were placed in the 2 ml cuvettes (GMBH + coKG
post fach 1155). The cuvettes (dimensions are: 12.5 × 12.5 × 45 mm) were filled with the aliquot.
In these experiments, three yeast samples were irradiated continuously for 6 hrs and other three
control yeast samples were sham-exposed for the same time duration. The intensity characteristics
of each (3 exposed and 3 non-exposed) samples were measured every 1 hr. Changes in yeast culture
growth were monitored using the spectrophotometry method. Spectrophotometric analysis is based
on turbidity and allows for indirect measurement of a number of yeast cells. The intensity of the
yeast samples absorbance was measured using an Ocean Optics USB2000 spectrometer.
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Figure 1: Changes in yeast growth upon microwave
exposures at 500 MHz and different powers.
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Figure 2: Changes in yeast growth upon microwave
exposures at 900 MHz and different powers.

RESULTS AND DISCUSSION

The control group (non-exposed yeast cells at the same experimental conditions) and yeast cells
were exposed to microwaves at 500 MHz and 900 MHz and powers of −17 dBm, −13 dBm, −10 dBm,
0 dBm, 10 dBm, 13 dBm and 17 dBm. The results are presented in Figures 1 and 2 respectively.
Figure 1 and Figure 2 clearly show that, in comparison with the control group of non-irradiated
yeast cells (100%), the microwave exposures of 500 MHz and 900 MHz can induce changes in yeast
cell growth/proliferation. Interestingly, these observed effects are power dependent for both studied
frequencies. From Figure 1, it can be seen that at the frequency of 500 MHz and power of −17 dBm
the decrease of 20% in yeast cell growth is achieved. At the powers of −13 dBm and −10 dBm we
can see only a slight decrease in cells growth. We also can observe no effect on cells at the power of
0 dBm. In contrast, slight increase is seen at the power of 13 dBm, more significant increase of 18%
is achieved at 17 dBm. The maximum increase (38%) in yeast cell proliferation is at the power of
10 dBm.
Figure 2 shows that at the frequency of 900 MHz and powers of −13 dBm, 0 dBm and 10 dBm the
yeast cell proliferation rate is increased (21%, 12% and 6% respectively). In contrast, at the same
frequency of 500 MHz and the powers of −17 dBm, −10 dBm, 13 dBm and 17 dBm the opposite effect
is observed. The exposures at these particular parameters decrease the growth and proliferation of
yeast cells with the different degree. The maximum decrease in yeast cells growth (38%) is seen at
the power of 17 dBm. Hence, the findings reveal that applied microwaves of 500 MHz and 900 MHz
can modulate yeast cells growth and these effects are power dependent.
4. CONCLUSIONS

This experimental evaluation was aimed to test the hypothesis that the external low power MW
radiation can affect the biological activity (proliferation rate) of the yeast cells. In this study, we
applied the MW exposures at 500 MHz and 900 MHz and the selected powers of 0 dBm, 10 dBm,
−10 dBm, 13 dBm, −13 dBm, 17 dBm and −17 dBm to the experimental yeast solutions. The yeast
samples were exposed and sham-exposed for 6 hours. The results obtained show that the MW
radiation at 500 MHz and 900 MHz produce modulating effects on the growth of yeast samples.
However, the observed effects vary significantly. The results obtained show that the MW exposures at both frequencies 500 MHz and 900 MHz and different powers can increase or inhibit the
proliferation of yeast cells. These findings imply that the external non-thermal MW radiation at
the selected frequency and powers can modulate the proliferation of the exposed yeast cells.
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