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A wide range of non thermal biological effects of microwave radiation (MW) was revealed during
the last decades. A number of reports showed evident hazardous effects of MW on embryo
development in chicken. In this study, we aimed at elucidating the effects of MW emitted by a
commercial model of GSM 900MHz cell phone on embryo development in quails (Coturnix
coturnix japonica) during both short and prolonged exposure. For that, fresh fertilized eggs were
irradiated during the first 38 h or 14 days of incubation by a cell phone in “connecting” mode
activated continuously through a computer system. Maximum intensity of incident radiation on
the egg’s surface was 0.2mW/cm2.The irradiation led to a significant (p , 0.001) increase in
numbers of differentiated somites in 38-hour exposed embryos and to a significant (p , 0.05)
increase in total survival of embryos from exposed eggs after 14 days exposure. We hypothesized
that observed facilitating effect was due to enhancement of metabolism in exposed embryos
provoked via peroxidation mechanisms. Indeed, a level of thiobarbituric acid (TBA) reactive
substances was significantly (p , 0.05–0.001) higher in brains and livers of hatchlings from
exposed embryos.
Thus, observed effects of radiation from commercial GSM 900MHz cell phone on developing
quail embryos signify a possibility for non-thermal impact of MW on embryogenesis. We suggest
that the facilitating effect of low doses of irradiation on embryo development can be explained
by a hormesis effect induced by reactive oxygen species (ROS). Future studies need to be done
to clarify this assumption.

Keywords Electromagnetic radiation, Radiofrequency, Cell phone, Non thermal effect,
Embryogenesis, Somitogenesis, Peroxidation

INTRODUCTION

During the last few decades, worldwide intensive implementation of GSM mobile
communication systems has occurred. This has led to a dramatic increase in levels
of radiofrequency/microwave (RF/MW) irradiation of the human population and
environment. Notably, general public safety limits for electromagnetic fields (EMF)
proposed by the International Commission on Non-Ionizing Radiation Protection
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(ICNIRP, 1998), and accepted by mobile communication industry, have been
elaborated taking into account solely acute thermal effects of radiation. Particularly,
ICNIRP directly states that “guidelines are based on short-term, immediate health
effects such as stimulation of peripheral nerves and muscles, shocks and burns
caused by touching conducting objects, and elevated tissue temperatures resulting
from absorption of energy during exposure to EMF”. Obviously, applicability of such
an approach could be questioned for cases dealing with long-term exposure, i.e.,
many-year irradiation of human brain during chronic cell phone use, etc. In fact,
appreciable non thermal effects of MW have been detected in different experimental
models. These effects include substantial metabolic changes (Volkow et al., 2011) as
well as significant changes in expression of heat shock proteins (Czyz et al., 2004;
De Pomerai et al., 2000; Weisbrot et al., 2003), oxidative stress (Agarwal et al., 2009;
Ozguner et al., 2005; Ozgur et al., 2010; Tkalec et al., 2007), DNA damage (De Iuliis
et al., 2009; Lai and Singh, 1997; Sarkar et al., 1994), autoimmune pathology (Grigoriev
et al., 2010; Ivanov et al., 2010; Vinogradov and Dumansky, 1974), and carcinogenesis
(Chou et al., 1992; Repacholi et al., 1997; Szmigielski et al., 1982; Yang et al., 2010).

Additionally, recent epidemiological studies raised concerns about potential
hazards of long-termMW exposure for human health. Thus, a significantly increased
risk of development of certain tumors, particularly brain tumors (Hardell et al., 2005,
2006, 2007) and parotid gland tumors (Auvinen et al., 2002; Sadetzki et al., 2008),
have been detected in long-term or “heavy” users of cell phones. Likewise, increased
risk of carcinogenesis (Eger et al., 2004; Wolf and Wolf, 2007), as well as non
cancerous physiological changes (Abdel-Rassoul et al., 2007; Santini et al., 2002)
have been detected among inhabitants of areas located nearby transmitting base
stations for mobile communication.

Due to increased public concerns, the intensive studies on non thermal effects of
MW are nowadays carried out using various experimental models ranging from cell
culture to whole animal models. We suggest that one of the most useful experimental
models for studying the biological effects of MW could be developing a bird embryo.
First of all, developing an embryo is very sensitive to the external factors and
therefore is served as a classical model for risk assessment experiments (Henshel
et al., 2003). The apparent advantage of this model is the fact that development
of a bird embryo happens independently of a mother organism when artificial
incubation devices are employed. In addition, an incubation period of certain
laboratory bird embryos, such as Japanese quails, is 17 days which is short enough
for efficient experimentation yet still sufficient for manifestation of irradiation effects.

Recently, significant hazard effects of low intensity MW on embryo development
and survival of chicken and quails have been described (Batellier et al., 2008;
Grigoriev, 2003; Ingole and Ghosh, 2006; Inouye et al., 1982; Saito et al., 1991). On the
other hand, earlier reports on MW irradiation of quail embryos did not reveal
significant non thermal effects (Byman et al., 1985; Galvin et al., 1980; Gildersleeve
et al., 1987). Therefore, to clarify the apparent controversy, we aimed at assessment
of biological effects of MW emitted by commercial cell phone using developing bird
embryo as a model. The quail eggs were irradiated using commercial model of GSM
900MHz cell phone which emitted low-intensity MW in compliance with the most
tough national safety standards implemented in developed countries. We studied
the effects of MW on somitogenesis after short-term exposure and the survival rate of
embryos and hatchability after relatively long-term exposure, and found that the
exposure facilitates development of embryos under both short and long term
exposure conditions. We hypothesized that such developmental enhancement could
occur due to increased metabolism stimulated (e.g., via glucose uptake) by reactive
oxygen species induced by irradiation. We therefore found that the level of lipid
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peroxidation was indeed increased in various tissues of hatchlings after MW
exposure of embryos in ovo. Taken together, we show that cell phone irradiation
induces significant non thermal effects on both developmental somitogenesis and
total survival rate of quail embryos.

MATERIALS AND METHODS

Biological Material

The fresh fertilized quail eggs from commercial poultry farm (Bila Tserkva, Ukraine)
were used. The eggs were selected according to the incubation standards (11–12 g,
clean, correct shape, and pigmentation, without shell cracks). For each experiment
two similarly selected groups of eggs were formed, from which one group was
exposed while another group was used as an unexposed control. The incubation of
eggs was performed in a laboratory incubator (920mm £ 590mm £ 530mm) with
the possibility of automatic rotation of incubation trays (ILU-F-0.3, Russia). Metal
covers were removed from the door and sides of the incubator and replaced by
plastic covers to avoid shielding or reflection of MW used for irradiation. Incubation
conditions were optimal for quail eggs: temperature of incubation during the first
14 days was 38.3 ^ 0.2 8C, relative humidity 60% (Yakimenko et al., 2002). We used
horizontal trays for incubation and manual rotation of eggs three times per day. After
14 days of incubation the temperature of incubation was lowered to 37.5 ^ 0.2 8C
and eggs were incubated for additional 3 days without rotating them over.

Source of MW Radiation

A commercial model of a cell phone GSM 900MHz (Nokia 3120) operated by the
Ukrainian national operator of mobile communication (Kyivstar) was used as a
source of MW radiation. RF Field Strength Meter (Alfalab Inc, Salt Lake City, Utah,
USA) was used for measurement of intensity (power density) of MW radiation. An
average intensity of MW radiation at 3 cm distance from the cell phone was
0.21 ^ 0.014mW/cm2 during “connecting” (Fig. 1); an average intensity of radiation
at 10 cm from the cell phone was 0.024 ^ 0.003mW/cm2. Specific Absorption Rate
(SAR) of this particular cell phone model is 0.79W/kg according to its manual.
During the auto-redial (without pressing the “answer” button and going into a
talking mode), the phone emitted non modulated MW radiation of carrier frequency
890–915MHz with channel rotation frequency 217Hz (Hyland, 2000).
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FIGURE 1 A typical plot of intensity of GSM 900 microwaves emitted from a commercial cell phone
(Nokia 3120) in “connecting” mode during one call: t – time in seconds; I – measured intensity of
MW at 3 cm from a cell phone.
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Incubation and Irradiation

We studied biological effects of both relatively short-term (38 h, very early embryo)
and long-term (14 days) irradiation. The cell phone was placed inside the incubator
on a plastic stand 3 cm from the surface of eggs (Fig. 2). Eggs were placed
horizontally by long axis. Irradiation of exposed groups of embryos was performed
continuously by the muted cell phone in “connecting” mode using auto-redial from
a computer program AutoRingUp (www.autoringup.ru, Russia). The program
ensured redial of the cell phone number immediately after disconnection from a
previous call. Each connection attempt lasted about 45 s. The exposed and control
groups of eggs were incubated simultaneously in the same incubator camera
separated by 6 cm and shielded by aluminum foil from each other. Temperature at
the surface of incubation eggs in both control and exposed groups was controlled
during all period of incubation by sensitive thermometers with 0.1oC precision.

For the effects of short-term irradiation on early embryo development we
observed the embryos microscopically (see below). One of the most objective
integral index of early embryo development of birds is a number of differentiated
somites (Hamburger and Hamilton, 1992). Therefore, we estimated a number of
pairs of differentiated somites in exposed and control embryos after 38 h of
incubation/irradiation. Possible developmental abnormalities were also assessed.
In total, irradiation of eggs during 38 h of incubation comprised of ca. 3,000 calls.
For each experiment the exposed and control groups of fertilized eggs (n ¼ 10)
were formed.

Total survival and hatchability of quail embryos receiving relatively long exposure
was also assessed. For that, exposed and control groups of fertilized eggs (n ¼ 56–68)
were irradiated continuously during the first 14 days of incubation. Distance from the
cell phone to surface of the eggs in these experiments varied from 3–10 cm.
Irradiation of eggs comprised of ca. 26,900 calls in total for this experiment.

Analysis of Somitogenesis

Analysis of somitogenesis was carried out as described by Yakymenko et al. (2011).
Briefly, after 38 h of incubation embryo development was stopped by cooling the
eggs in cold water (10 8C). After shell breaking and removal of the whites, embryos
were taken off from the surface of yolk using filter paper rings. Embryos were then
washed in cold PBS and fixed by 4% formaldehyde. Calculation of numbers
of differentiated somites and visual analysis of abnormalities of development of
embryos were carried out under light microscope with 24x magnification.

FIGURE 2 Irradiation of quail embryos in ovo (exposed group) to MWs of commercial GSM
900MHz cell phone in a plastic incubation tray within the incubator.
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Analysis of Embryo Survival and Hatchability

Analysis of embryo survival and hatchability was done after the end of incubation
and hatching as described (Yakimenko et al., 2002). The eggs of exposed and control
groups were separated in hatching trays before the hatching, and hatchlings of each
group were collected separately. The wastes of incubation were analyzed according
to the poultry standards for Japanese quails. For that, the eggs that failed to hatch
were opened for macroscopical observation. Wastes were classified according to the
time of embryonic mortality (early stages: up to the 5th day of development; middle
stages: from 6th–14th days of development; and final stages: from 15th–17th days).
In addition, non fertilized eggs were identified in each group and excluded from
follow-up analysis.

Lipid Peroxidation Levels

Level of lipid peroxidation in the tissues of the brain, liver, and heart of hatchlings
was assessed in reaction with thiobarbituric acid (TBA) in the present of Fe2þ

(Andreeva et al., 1988; Draper and Hadley, 1990). Briefly, after decapitation of
hatchlings from exposed and control groups (n ¼ 10) the brains, livers, and hearts
were extracted, frozen, and then homogenized separately for each chick.
Homogenates were diluted 1:50 in 50mM Tris-HCl, pH 7.6 buffer. To 0.15ml of
the diluted homogenate 1.5ml of 1% orthophosphoric acid was added followed by
addition of 0.5ml 0.75% of TBA, and FeSO4 £ 7H2O to 0.5mmole/l. The reaction was
carried out for 30min in test tubes placed in a boiling water bath and stopped in cold
water. Then the test tubes were centrifuged at 3,000 g for 10min. The level of TBA
reactive substances was measured in supernatants using a spectrophotometer
(Specoll 11, Germany) at 532 nm. The level of malondialdehyde (MDA) in samples
was calculated in nmole per g of wet tissues using absorbance coefficient
E ¼ 1.56·105mole21 cm21.

Statistical Analysis

Student’s t-test and Chi square test were used for the statistical analysis, with a
significance levels * p , 0.05, ** p , 0.01, and *** p , 0.001 as compared with the
matched controls.

RESULTS

The number of differentiated somites increased in exposed early-stage embryos

The low-intensity microwave irradiation of quail embryos in ovo during 38 h of
incubation by GSM 900MHz commercial cell phone in connecting mode
significantly (p , 0.001) increased the number of differentiated somites after
38 hours of incubation. The exposed embryos developed 13.11 ^ 0.30 pairs of
differentiated somites while in the control groups 11.41 ^ 0.29 pairs of differentiated
somites were detected (Fig. 3). Microscopic analysis did not reveal any
developmental abnormalities either in control, or in the exposed groups of embryos.
Measurement of temperature at the surface of incubating eggs did not show any
differences between exposed and control groups (not shown).Thus, irradiation
emitted by commercial cell phone can affect early embryonic development.

Irradiation increased survival rate and hatchability

Experiments on microwave irradiation of quail embryos in ovo during the first
14 days of incubation revealed a significant (p , 0.05) increase in total survival rate
of quail embryos (Table 1). Thus, the hatchability was increased by the 13.3 absolute
percent (or by 18.7 relative percent) as compared with the control. The hatching
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occurred synchronously inside each group and took place 3–4 h earlier in exposed
groups as compared with the controls. The hatchlings from the control and exposed
groups were normally developed without any detectable exterior abnormalities. The
body mass of hatchlings was similar in both exposed and control groups
(7.11 ^ 0.21 g and 7.1 ^ 0.15 g, respectively). Taken together, this data suggest that
irradiation emitted by commercial cell phones can induce routinely observable
effects on both early and late stages of embryonic development.

FIGURE 3 Microscopic pictures (£ 24) of 38-h quail embryos (ventral): A - control (11 pairs of
somites); B - after MWs irradiation during 38 hour of incubation in “connecting” mode by a cell
phone with MW intensity of 0.21 ^ 0.014mW/cm2 (14 pairs of somites).

TABLE 1 GSM 900MHz microwaves emitted from commercial cell phone increases embryo survival
of Japanese quail. Eggs of exposed group were irradiated constantly during the first 14 days of
incubation inside an incubation chamber by a cell phone in “connecting” mode placed at 3–10 cm
over the egg’s surface; intensity of radiation on egg’s surface was from 0,024 ^ 0,003 to
0,21 ^ 0,014mW/cm2; control group of eggs was shielded from exposure by aluminium foil at 6 cm
from exposed group and incubated in the same incubation chamber.

Control group Exposed group

Indices number percent number percent

Number of fertilized eggs 114 100 115 100
Lost embryos

at 1–5 days 14 12,28 7 6,09
at 6–15 days 17 14,91 10 8,70
at 16–17 days 2 1,75 1 0,87

Hatched 81 71,05 97 84,35*
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Irradiation resulted in increased levels of lipid peroxidation in various tissues of quail

hatchlings

To study whether observed biological effect of irradiation could be explained by
peroxidation mechanisms, the brain, heart, and liver tissues from one-day old
hatchlings were subjected to measurement of lipid peroxidation by TBA assay. We
found, that indeed the tissues in one-day chicks from exposed eggs had higher levels
of TBA reactive substances (Fig. 4). Basal level of lipid peroxidation was highest in
liver and showed significant increase upon irradiation. Especially conspicuous
increase was detected in brains, where the levels were higher by 3.5 folds in
comparison with the unexposed controls (p , 0.001). The basal level of TBA reactive
substances was lowest in hearts; it also showed a trend to increase upon irradiation
but did not reach statistical significance. Therefore, irradiation of developing
embryos by commercial cell phones leads to substantial increase in lipid
peroxidation, especially in brains of affected chicks.

DISCUSSION

Developing bird embryos can serve as a sensitive, convenient, and useful model for
assessment of a wide range of risk factors. Nevertheless, only a few studies have so
far been carried out on non thermal effects of RF/MW using this model (Batellier
et al., 2008; Grigoriev, 2003; Ingole and Ghosh, 2006; Saito et al., 1991; Yakymenko
et al., 2011; Zareen et al., 2009). Remarkably, majority of this studies resulted in
alarming conclusions. In a number of such reports the irradiation of embryos during
the whole period of incubation was used. These studies demonstrated adverse effects
of irradiation on embryo development with significant increase of embryonic
mortality. Thus, the irradiation of chicken embryos by 428MHz RF radiation with
5.5mW/cm2 power density led to increase in total embryo mortality from 15.8% in
control to 60.0% in exposed group (Saito et al., 1991). In another report, irradiation of
chicken embryos by cell phone MW of GSM standard (1,714MHz, electric field
strength 2–16V/m, repeated calls during 1.5min and rest during 0.5min for 21 days
of incubation) resulted in total mortality of embryos of 75% as compared to 16% of
mortality in control (Grigoriev, 2003). Moreover, use of SAGEM (900MHz) cell

2.5

2

1.5

1

0.5

0

Liver Heart

TBA reactive substances, nmole/g

Brain

***

* Exposed

Control

FIGURE 4 Irradiation of GSM 900MHz microwaves emitted by a commercial cell phone induce
increased levels of TBA reactive substances in tissues of Japanese quail hatchlings. Incubating eggs
were irradiated during the first 14 days of incubation inside an incubation chamber, in “connecting”
mode at 3–10 cm distance from cell phone, intensity of radiation on eggs surface was from
0,024 ^ 0,003 to 0,21 ^ 0,014mW/cm2, control group of eggs was shielded from exposure by
aluminium foil at 6 cm from exposed group and incubated in the same incubation chamber (n ¼ 10;
mean ^ SME is shown).
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phone in call position for irradiation of chicken embryos (electric field strength
from 0.31–15.4 V/m) during the whole period of incubation gave a rise to 31.2% of
embryo mortality in exposed groups as compared to 15.3% in sham-exposed groups
(Batellier et al., 2008).

In the present study, we used a commercial cell phone of GSM 900MHz standard
emitting low intensity MW (up to 0.21mW/cm2), which corresponded to the strictest
national standards of some countries (as an example, the Ukrainian Ministry of
Health recommended safety limit of RF/MW intensity for general public to not
exceed 2.5mW/cm2 compared with ICNIRP recommended limits of about
450mW/cm2 in 900MHz range). Therefore, we in fact operated with say “extremely
low intensity” of MW.

It is generally accepted that the number of differentiated somites during the first
days of incubation is the most objective index of stage of bird embryo development
(Hamburger and Hamilton, 1992). Recently, we observed increased of morphological
malformations in somitogenesis and slight retardation of development in quail
embryos after 20-h exposure in ovo to GSM 850MHz with to 15mW/cm2 intensity
(Yakymenko et al., 2011). Importantly, the intensity of MW used in the present
study was 2–3 orders of magnitude lower. Nevertheless, we were able to detect
substantial biological effects of such low-intensity irradiation. Interestingly, the
embryos exposed to such extremely low intensity of MW showed substantially
increased development at early stages as compared with controls. In addition, no
developmental abnormalities were observed. According to the previously published
data, facilitation of embryo development after theWMexposure from stagewith 11–12
to stagewith 13–14 pairs of differentiated somites corresponds to 3–4 h of acceleration
of embryo development (Hamburger andHamilton, 1992). It is of note here that in our
experiments, when embryos were exposed to MW during 14 days, we also observed
that hatching occurred 3–4 h earlier than the control. This therefore suggests that the
irradiation of embryo only during early development results in the same enhancement
of hatching as compared to prolonged irradiation during later phases. Importantly, this
might suggest that the early embryo shows increased sensitivity to irradiation.

Remarkably, the very low intensity of irradiation and routine temperature control
at surface of incubating eggs suggest that a chance that observed biological effects
occurred via thermal mechanisms can be ruled out. In this connection we may draw
an analogy to our previous findings which indicated high sensitivity of early stage
quail embryo to low intensity monochromatic radiation of visible range (Tsybulin
and Yakymenko, 2009; Yakimenko et al., 2002), in which thermal effects were
considered negligible. To that, the intensity of electromagnetic radiation in present
study was by 3 orders magnitude lower.

In this study, we showed an increased embryo survival and hatchability in
exposed groups of eggs. The survival rate of exposed embryos was higher during all
periods of incubation as compared with the control. These findings may contradict
to the previous studies on MW irradiated chicken eggs during the incubation
(Batellier et al., 2008; Grigoriev, 2003; Saito et al., 1991). However, we suggest that
these data can in fact be considered complimentary. Indeed, in the present study we
used substantially lower intensity of MW than in other reports. Thus, the Saito et al.
(1991) study used MW intensity higher by 4 orders of magnitude. Consequently, with
such low intensity as was used in our study, an absence of any observable biological
effects on embryogenesis could be expected. Nevertheless, we observed significant
effects on embryo development. Taking into account a large amount of data about
adverse effects ofMW including hazard effects on embryogenesis (extensively reviewed
in, e.g., Blank and Goodman, 2009; Yakymenko and Sidorik, 2010), our findings
most probably demonstrate effect of hormesis by low doses of MW irradiation.
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It is known that low doses of a potentially harmful factor can lead to a stimulatory
effect in exposed biological systems (Stebbing, 1982). In particular, low doses of
ionizing radiation reveal apparent stimulatory effects in certain biological
experiments (Calabrese and Baldwin, 2000). Certainly, an important task would be
to uncover the internal mechanism of such stimulation. In a simplified explanation,
it can be considered as a result of activation of cellular stress response pathways
in response to action of a low intensity stress factor (Mattson, 2008; Ristow and
Zarse, 2010).

It is noteworthy here that certain epidemiological studies detected a decreased
risk of tumor development among particular categories of cell phone users. One
of the most renowned reports of this series is the Interphone study, in which a
decreased risk of two brain tumors among cell phone users was explained by certain
methodological limitation of the study protocols (Cardis et al., 2010). In this respect,
we can suggest that these results can in fact also reflect hormesis effect of MW for
“light” users of cell phones, which would be changed towards adverse effects with
an increase of total dose of irradiation. Indeed, for “heavy” users of cell phones
(1,640 h of talks over cell phone during 4 years) the same study indicated an increase
of risk for meningioma by 4.8 folds and for glioma by 3.77 folds as compared to
matched controls.

To elucidate the biochemical mechanisms of effects of irradiation observed in our
study, it is important to note that a significant increase of TBA reactive substances in
tissues of quail hatchlings from exposed embryos has been detected. This indicates
particular appreciable changes in embryonal metabolism under the low intensity
MW irradiation. Consequently, it points to the increased lipid peroxidation of
hatchling’s tissues from exposed embryos, which is closely connected to levels of
reactive oxygen species (ROS). Importance of detailed mechanisms of such changes
warrants further studies. In addition to well-known adverse effects of increased level
of ROS in cells, it is also an intrinsic feature of living cells which plays an important
role in growing tissues in particular (Kamata and Hirata, 1999; Valko et al., 2007).
Moreover, we previously detected a significant increase of lipid peroxide level in liver
of intensively growing quail embryos after red light stimulation leading to no adverse
effects (Iakymenko, 2001). However, a dramatic increase of lipid peroxidation in
brain tissues as compared to other tissues in the present study draws particular
attention. One of the reasons of this can be that the brain of an embryo is the most
moisture organ, which means that it absorbs MW most intensively as compared to
other tissues (de Salles et al., 2006). Recently, an increase of ROS level as a result of
MW exposure has been detected in different biological models including cell culture
(Friedman et al., 2007), human spermatozoa (Agarwal et al., 2009), and organism
of rodents (Ozguner et al., 2005; Ozgur et al., 2010). In addition, activation of
ROS production in mitochondria (De Iuliis et al., 2009) as well as activation
of cell membrane HADH-oxidase system (Friedman et al., 2007) in response to
MW was demonstrated. However, in all these studies the level of MW intensity
was substantially higher than in our study.

Moreover, cellular ROS are increasingly recognized as cellular signaling
molecules, which regulate cellular metabolism including, e.g., glucose uptake
(Leloup et al., 2006; Merry et al.; Nemoto et al., 2000; Ristow and Zarse, 2010). Taking
this into account, our results fall in agreement with recently published observation
showing that 50-min cell phone exposure was associated with increased brain
glucose metabolism in the region closest to the antenna (Volkow et al., 2011).
This might suggest that glucose metabolism in exposed embryos was induced via
mechanism dependent on observed increase in lipid peroxidation, which resulted in
more intensive embryo development.
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It is also of note that in our experiments the intensity of MW irradiation ranged
from 0.024 ^ 0.003 to 0.21 ^ 0.014mW/cm2 (depending on the distance to the
phone antenna) which can add to the variability in magnitudes of observed effects.
This should be taken into account and controlled in future experiments. On the
other hand, in Batellier et al.’s (2008) study, MW variations in strength of electric
field from 0.31–15.4 V/m only slightly changed adverse effect on embryo
development (Batellier et al., 2008).

Taken together, our findings point to potentially high biological activity of
MW of extremely low intensity, which is substantially lower than safety limits for
RF/MW currently accepted by international regulating bodies. The appreciable
effect of low intensity MW of GSM 900MHz on quail embryo development is
important as an indicator of non-thermal biological effects of MW regardless of a
direction of influence being stimulatory or adverse. Further comprehensive studies
need to be done especially in connection with practically unlimited irradiation of
general public over the world by low intensity but chronic exposure of MW both
from personal cell phones and base transmitting stations for mobile communication.
As to a possible importance of such research specifically for human embryo
development, a large-scale epidemiological study which showed a statistically
significant increase of behavioral problems for children with prenatal (and
postnatal) exposure to cell phone radiation (Divan et al., 2008) could be noted.

In conclusion, our data confirm biological activity of low-intensity microwave
radiation emitted by commercial cell phones of GSM 900MHz standard. Continuous
900MHz irradiation from connecting cell phone with average intensity of MW
up to 0.21mW/cm2 significantly stimulated early development and total survival
rate of quail embryos. Observed effects could be explained by increased levels of
lipid peroxidation in brains and livers of hatchlings from MW exposed embryos
as compared to controls. These data warrant further research for assessment of
a dose-effect dependence of MW influence on embryogenesis and interpretation
of obtained results. In general, our findings emphasize the need for taking into
account the non thermal effects in reassessment of safety limits for non ionizing
electromagnetic radiation.
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