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Abstract

Electromagnetic radiation (EMR) emitting from the natural environment, as well as from the use of industrial and everyday
appliances, constantly influence the human body. The effect of this type of energy on living tissues may exert various effects
on their functioning, although the mechanisms conditioning this phenomenon have not been fully explained. It may be
expected that the interactions between electromagnetic radiation and the living organism would depend on the amount
and parameters of the transmitted energy and type of tissue exposed. Electromagnetic waves exert an influence on human
reproduction by affecting the male and female reproductive systems, the developing embryo, and subsequently, the foetus.
Knowledge concerning this problem is still being expanded; however, all the conditionings of human reproduction still remain
unknown. The study presents the current state of knowledge concerning the problem, based on the latest scientific reports.
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INTRODUCTION
Reproductive disorders affect an increasing number of
marriages. The obtaining of pregnancy and the health state
of the baby depend on the quality of the genetic material of
both the male and the female. Male fertility is influenced by
many environmental factors, including heavy metals, air
pollution, plant protection products and electromagnetic
waves.
An electromagnetic field (also EMF) can be viewed as the
combination of an electric field and a magnetic field; therefore,
both components are important in the analysis of exposure.
Electromagnetic radiation consists of electromagnetic waves,
which are synchronized oscillations of electric and magnetic
fields that propagate through a vacuum at the speed of light.
Electromagnetic waves are a form of radiation within the
range from ultra high-energy cosmic rays and gamma
rays with frequencies of 1018 Hz to low-energy microwave
radiation of 10 GHz, or radio waves of 100 MHz. As a result,
an electromagnetic field is generated. These forms of energy
may affect the functioning of living organisms; however,
knowledge about this problem is still insufficient. Recent
years have brought many reports concerning the problem
of the effect of radio frequencies on human health, seeking
in them both positive and negative effects.
Energy carried by electromagnetic radiation is absorbed
into the living tissue, i.e. converted into kinetic energy
of the particles of which the object is constructed. The
amount of electromagnetic radiation absorbed per mass
within a specified time is defined as the Specific Absorption
Rate (SAR). This value is a basis for determination of the
maximum allowable intensities of the electromagnetic fields
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energy streams to which a human body may be exposed.
The allowable SAR values are specified for various parts of
the body. There is also a mean SAR value defined for the
whole body:

SAR =

σ ⋅ E2
ρ

[W/kg]

where: σ – electric conductivity of the sample (tissue) in
S/m, E – value of electric field strength in V/m, ρ – density
of the sample in kg/m3.
The energy absorbed in the tissues of the living body
may cause an increase in its temperature, especially within
high frequencies fields. In normal conditions, the absorbed
energy of the values SAR = 4 W/kg causes an increase in the
body temperature of a healthy individual by 1 °C. Studies
demonstrated that such a dose does not cause any negative
health effects. Restrictions with respect to the SAR are
the basic restrictions which means that the values of the
coefficient should not be exceeded under any circumstances.
At the heart of international protective recommendations,
also in Poland, lays the conviction that restriction of the
allowable SAR value to 0.4 W/kg for the whole body, on
average, should provide a sufficient margin of safety for
occupational exposure at the workplace. For environmental
exposure (total population), an additional safety coefficient is
adopted equal to 5, i.e. the allowable SAR value is restricted
to 0.8 W/kg. Restriction of the whole body SAR value does
not constitute sufficient protection against an excessive local
absorption of energy which might lead to local overheating;
therefore, restrictions of the highest locally allowable SAR
values are additionally introduced. One of the methods of
analysis of the SAR coefficient is the FDTD method (Finite
Difference Time Domain), which consists in the construction
of a discrete model of the examined object, and solution
by the method of finite difference Maxwell’s equations
describing the object in the time domain [1].
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Polish legislation specifies allowable electric and magnetic
field strength values of the frequency of 50Hz and from 0.001
– 300 MHz, as well as a power density within the frequencies
of 0.3–300 GHz. In the areas surrounding the sources of
electromagnetic fields, where the values of the mean microwave
power density 0.1 W/m2 are exceeded of the electromagnetic
radiation within the frequencies 0.3–300 GHz, the presence
of humans is prohibited, except for those employed with
the exploitation of these fields. The electric field strength of
the frequency of 50Hz cannot exceed the value of 1 kV/m in
areas of housing development, and in areas where hospitals,
nurseries, kindergartens, and boarding houses are located.
The values of the SAR for humans change in the function of
the frequency of electromagnetic radiation [1].
Electromagnetic waves exert an influence on human
reproduction by affecting the male and female reproductive
system, the developing embryo, and subsequently, the fetus.
Knowledge of this problem is still being expanded, although
all the conditionings of human reproduction still remain
unknown. EMF and EMR related studies were specified
by peer-reviewed literature and data searched for in an
electronic database (PubMed) using a number of key words
and their combinations (electromagnetic field, electric,
magnetic, reproductive outcome, semen and infertility) in
order to find English-language reports related to the effect
of electromagnetic waves on human reproduction.
Mechanisms of the effect of EMR. In the electric field,
opposite electric charges shift in opposite directions and
their polarization takes place; however, this does not concern
only free charges which sporadically occur in the living
tissue. Polarization also takes place in the particles in
which the total electric charge is equal to zero. As a result
of polarization in this type of particles, electric dipoles
are induced. In an alternating electric field we deal with a
constant repolarization of dipoles, an energy-consuming
phenomenon which generates the absorption of the energy
of the electric field. Living tissue contains large amounts of
water, the particles of which are permanent electric dipoles.
In the alternating electric field, dipoles perpetually vibrate
around their own axis, contributing to the absorption of
electric energy [1].
There are many hypotheses which may explain the effect
of RF EMR in the biology of reproduction. The emission
of high power electromagnetic waves may contribute,
among other things, to an increase in the temperature of
the tissues, whereas RF EMR of a low level, lower than that
required for the direct ionization of a particle, may cause
biochemical effects. It may be presumed that basically, all
possible mechanisms concerning the coherence, resonance,
signal averaging, heterogeneity of the magnetic field in
heterogenous dielectric structures and non-linear effects,
generate signals of a power much lower than magnetic
fields related with normal physiological functions of
physiological healing of wounds, stimulation of the muscles
and functioning of the nervous system [2]. Challis recognized
one probable non-thermal process: formation of free radicals
in biomolecules with large hypersubtle structures and rapid
magnetic relaxation [3]. Energy from the external signal may
be concentrated in this process when the electromagnetic
wavelength is equal to the difference between energy levels
in the molecule, which leads to an increase in signal strength
forcing. However, the force of signal strengthening decreases

with the loss within the system. The majority of ions are
bonded to water; therefore, the dispersion of energy while
hitting water particles increases the loss of the system with
radio frequencies, limiting the degree of strengthening which
might be achieved in the resonance systems.
One of the concepts frequently used to justify the effect
exerted by radio waves on the cells is the induction of
additional potentials on cellular membranes, which interfere
with the transport of ions [4]. The change of ions transport via
the cellular membrane is possible, but only in the case of fields
with a voltage of several hundred micro-volts, considerably
higher than the voltages generated physiologically by the
membranes of organelles, such as mitochondria. Exposure to
non-physiological voltage of the whole cell organelles showed
that when the membrane of a given structure is thicker
than the cellular membrane and organelles contain higher
concentrations of ions, more energy passes through the
organelle membrane than through the cellular membrane [4].
The subsequent concept often used to justify the effect of
radio waves on cells is the induction of changes in molecular
bonds, which may affect the activity of protein enzymes [5].
According to Cotgreave, the structure of cellular proteins is
diverse, and it may be expected that exposure to RF will be
able to exert an effect according to the structure of protein
[5]. In addition, many proteins are electrostatically bound,
thus, RF EMR may affect the protein structures within a cell.
Scientific studies have demonstrated that the denaturation,
aggregation and stability of proteins are susceptible to the
effect of radio waves [6, 7]. In fact, the efficacy of protein as
an enzyme depends on its structure. Some side chains of
amino acids in proteins are polar, and will behave differently
during exposure to the EMR. Experiments with a high level
of radiation (for the frequency band from 1.95 GHz) showed
an effect on the packaging of proteins [8]. Thus, the possible
physical models suggest that the interaction between charge
and dipols in each protein structure change the level of
barrier for the processes of packaging of proteins in metabolic
pathways [8].
EMR and the male reproductive system. The male
reproductive system is a group of tissues very sensitive to
external factors, and sperm which does not possess the
capability of repair of its genetic material, and for this
reason seems to be vulnerable to various kinds of damage
generated by external factors. The literature reports to-date
concerning the problem of the effect of electromagnetic waves
on male reproductive cells are unequivocal. The example
are many studies analyzing the amount of time devoted to
conversations by cellular phone, which do not consider a
totally different life style and character of work of people
who are excessively exposed to the waves of the GSM band.
In this case, one may wonder whether the results of the
studies obtained are more affected by electromagnetic waves
or the character of work performed, or perhaps work-related
stress. The second type of reports are based on the analysis of
exposure of sperm to specified frequencies outside the human
body, which excludes the effect of other factors; however, they
do not imitate in vivo conditions.
Based on studies conducted by Agarwal et al., it is known
that EMR induces oxidative stress and causes disorders in
the sperm mitochondria and activation of NADH oxidase
of the cellular membrane [9]. Oxidative stress also exposes
sperm to the loss of motility and capability of combining with
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the egg cell. Disorders in the oxidoreductive system cause
lipid peroxidase and free radical process of oxygenation of
unsaturated fatty acids in the cellular membrane. Also, sperm
chromatin is exposed to the negative effects of oxidative
stress, which is subject to fragmentation, and the process of
formation of DNA adducts is also intensified [9, 10].
Homeostasis of the oxidoreductive system which is
disturbed by electromagnetic waves, as well as the function of
ion channels, are jointly responsible for the process of sperm
hyperactivation. One of the factors inducting hyperactivation
and capacitation is superoxide radical anion. Human sperm,
in order to obtain the capability for fertilization of the egg
cell, is subject to many metabolic changes concerning
mainly the cellular membrane. This process is described as
capacitation, and takes place in the female genital tract. As a
result of capacitation, spermatozoons achieve the capability
to interact with the structures of the corona radiata, and
later with the zona pellucida of the ovulated oocyte. As a
result of capacitation, there occurs modification of the path
and movement of gametes, consisting in an increase in the
amplitude and curvature of flagellar beat and induction of
an intensified propelling strength, described as the state of
hyperactive motility [10]. Hyperactivation of spermatozoons
consists in a change in the way of their movement from
symmetrical fine movements to asymmetrical flagellar
beating. This process is indispensable for the transition of
the spermatozoon through the zona pellucida of the ovum
and fertilization. Premature capacitation taking place still
in the seminal plasma causes energetic exhaustion of sperm
and decreases the chance for fertilization. Homeostasis
maintained in the oxidoreductive system is the factor
responsible for the appropriate moment for capacitation
[11]. The transition of this balance towards one side results
in sperm damage, whereas transition towards the opposite
side may trigger premature capacitation [12].
The transport of ions via cellular membrane of the
spermatozoon regulates its maturation in the genital tract
and decides about the capability for fertilizing the egg cell.
Ionic channels are responsible for the normal course of these
phenomena: CatSper, pH-regulated, calcium-selective ion
channel, KSper (Slo3), and voltage-gated channel Hv1. Todate it has been considered that many other channels regulate
these processes; however, this has not been confirmed by
proper measurements, and only the introduction of the
patch-clamp technique shed new light on the possibilities
of recognizing this phenomenon. Mutations and deletions of
genes responsible for the functioning of these channels are
also responsible for the occurrence of male infertility [13, 14].
The voltage-gated channel Hv1, which is the sensor of
electric voltage responsible for the alkalization of the
intracellular environment necessary in the process of
capacitation, hyperactivation, acrosomal response and sperm
motility, seems to be most vulnerable to electromagnetic
waves [15, 16]. Based on the results of studies concerning the
effect of electromagnetic waves on cells of the immune system,
it is known that the effect of EMR modifies the transport of Ca
ions to the cell, and the wave frequency close to 15 Hz exerts
the strongest effect on this phenomenon [17]. Thus, it may be
expected that similar relationships will also concern sperm.
It has long been known that welding arcs are an especially
hazardous source of radiation for men. Their radiation
consists of an intensive thermal radiation from welding
gases heated to a high temperature, welded or cut elements,

electrode and flux material, on which there overlap lines
and waves of radiation typical of these materials. The
temperature of the flame of the gas welder generally does
not exceed 2,000 K. Therefore, this radiation consists of
mainly infrared and light, and only hydrogen and acetylene
burners, characterized by a higher combustion temperature,
may emit near ultraviolet light. In turn, the combustion
temperature of an electric and plasma arc exceeds 4,000 K,
and with gas-shielded welding – it may reach even 30,000
K. Thus, these appliances emit intensive blue light and
ultraviolet radiation (UV), including short-wave ultraviolet.
The intensity of irradiation within the UV spectrum at the
distance from 0.7 – 1 m from the electric or plasma arc is
from several to more than a dozen W/m2, according to the
type of electrode and welding conditions [18]. With respect
to the analysis of intensities of electromagnetic fields around
the electric arc generated by an inverter welder – within the
range of intensities of industrial frequency of the field at the
arc remain within the levels 1 A/m and 30 V/m, and within
the range of higher frequencies wide band measurement 50
MHz – 3.5 GHz shows the level of 0.3 V/m, and the character
of the spectrum is very heterogenous and non-linear [19].
Scientific reports concerning the effect of welding on male
fertility demonstrate that in men performing this occupation
there occurs deterioration in semen parameters, and an
increased percentage of miscarriages in their female partners.
Spermatozoons of individuals exposed to welding have a
decreased capability for penetrating into the egg cell. An
evident epigenetic effect on the health of welders’ children
has not been confirmed. The intensification of hazardous
effects on the male reproductive system depends on the type
of materials welded, and concerns especially mild steel [20].
Exposure to intensive electromagnetic fields also concerns
the operators of radar stations. At present, radars of various
types operate within frequencies from 3 MHz (HF band)
– 110 GHz (W band). Within the lower part of this range
operate radars measuring the height of the ionosphere and
radars using the phenomenon of reflection of electromagnetic
waves in the ionosphere for the detection of objects hidden
beyond the horizon, often at a distance of thousands of
kilometers. Within the upper range of frequencies there
operate laser radars, with bearing discrimination which
allows determination of distances of individual targets on a
battlefield. Nevertheless, the majority of radars work within
the frequency range from several hundred megahertz to 100
GHz (including photoradars known to all drivers, which use
the band 34.3 ± 0.1 GHz for taking photographs of drivers).
Reports concerning their effect on male fertility are
contradictory. Ye et al. and Ding et al. describe an increase
in the percentage of pathological sperm, and a decrease in
semen motility, with the simultaneous lack of effect on its
density among workers of radar stations [21, 22]. In turn,
Weyandt T.B. et al. describe a decrease in sperm density in
individuals exposed to radar waves [23]. However, Schrader
S.M. et al. did not confirm any differences in the quality
of sperm between men exposed to radar, and those not
exposed to its effect [24]. The discrepancies obtained by
the researchers with respect to the problem of the potential
hazardous effect of radar waves on reproduction may result
from the construction differences between the appliances
emitting these waves.
A considerable exposure to electromagnetic waves
also concerns men employed with high-voltage electric
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installations. Knave B. et al., while examining employees
who had been exposed for many years to contact with the
voltage of 400 kV, observed that a smaller number of children
were conceived by these men, compared to the control group.
Among children of individuals exposed to high voltage there
also dominated the male gender. In turn, Nordström S. et al.
found that among children of males exposed to high voltages,
congenital defects occurred more frequently. Overhead highvoltage power lines generate electric and magnetic fields,
which are not only analyzed with respect to occupational
exposure, but also with respect to the environment. Based on
the results of studies and in concern for human health and
the state of the environment, standards and regulations have
been introduced aimed at limiting the strength of electric
and magnetic fields produced by overhead power lines. The
intensity of these fields should be systematically monitored
and analyzed, especially in inhabited areas.
The development of telecommunication technologies
contributed to the fact that at present, almost every person
is exposed to electromagnetic waves related with the
mobile network [25, 26, 27]. Two mutually supplementary
methods are used for the evaluation of human exposure to
electromagnetic fields emitted by mobile network devices:
measurements of physical human models – phantoms,
and computer simulations. These methods are described
as experimental dosimetry and numerical dosimetry,
respectively. The advantage of the experimental approach
is that it enables the examination of real devices, whereas
the disadvantage is that material phantoms are very simple
(homogenous) and do not pattern the strongly heterogenous
internal construction of the human body (are constructed of
a specialist gel, which does not pattern precisely the systems
of tissues). Computer modeling is an improvement because
these are precise anatomical human models which are used
in numerical dosimetry. Due to these models, it is possible
to trace the distribution of SAR in many parts of the body
and in many tissues [28].
Studies conducted by Wdowiak A. et al, in parallel with
Fejes et al., concerning the exposure to waves emitted by
mobile phones in men, initiated scientific interest in this
phenomenon [25, 29]. Own studies showed an increase
in the percentage of pathological sperm which was more
intensified with the duration of the time of exposure to GSM
waves. The conducted studies also demonstrated a decrease
in the percentage of sperm in progressive movement with
an increase in exposure to the waves emitted by mobile
phones. Studies concerning the effect of GSM technology on
sperm were continued by Agarwal et al. and De Iuliis et al.
[9, 26]. They confirmed that the waves emitted by mobile
phones cause the generation of reactive oxygen species (ROS),
which may lead to the occurrence of oxidative stress in
spermatozoons, and intensification of DNA fragmentation.
Similar results of studies were later obtained by Liu C. et al.
who investigated the sperm of mice [30]. In the study in
which male mice were subjected to radiation of 900 mW/kg
12 hours daily for 7 days, a considerable effect of EMR was
observed on the integrity of mitochondrial genome [31]. It
was also proved that long-lasting telephone conversations
lead to small changes in the brain temperature, which may
affect the activity of the hypothalamic-pituitary-testicular
axis [32].
At the same time, there are scientific reports which
confirm a beneficial effect of electromagnetic waves of lower

frequencies range, both on the semen parameters and the
functioning of tissues responsible for human reproduction.
Examples of such reports are the studies by Falahati S.A.
et al. and Łopucki M. et al. which showed that the exposure
of sperm to electromagnetic waves within the range 10 –
50 Hz contributes to improvement in the motility of human
spermatozoons [33, 34]. Li D.K. et al. obtained different
results with respect to 50 Hz, while Tateno H. et al., who
investigated the occurrence of chromosomal aberrations
in sperm exposed to a similar range of frequencies, did
not find any differences between the control and study
groups [35, 36]. Formicki K. et al., while studying exposure
of fish reproductive cells to the magnetic field, observed an
improvement in the parameters of sperm movement, and an
increased percentage of conceptions [37].
The results of studies confirming a beneficial effect of
electromagnetic waves evoke hope for the application of these
inventions in infertility treatment in humans; however, a longlasting effect of this type of energy will require scrupulous
studies concerning especially the possible epigenetic effects
found only in future generations.
Effect of EMR on the female reproductive system and
pregnancy. In the case of the female reproductive system,
electromagnetic waves exert an effect similar to that on the
male reproductive system. The generation of oxidative stress
affects the function of ion channels and the structure of
proteins, and seems to be the major pathomechanisms of the
effect of EMR on the oocyte, embryo, and the environment
in which they develop. The thermal effect of electromagnetic
waves seems to be important with respect to the functioning
of the male testicles; however, this is rather omitted in the
case of the ovaries.
Considering the technical and bioethical limitations
related with the obtaining of an oocyte, the available reports
concerning the effect of EMR on its functions are mainly
based on animal models. Gul et al., during exposure of female
rats to the frequency of 900 MHz, observed a decrease in the
number of ovulatory follicles produced [38]. During studies
carried out on rat oocytes, Roshangar L. et al. demonstrated
that oocytes in the group exposed to EMR showed shrinking
of the nucleus, and their zona pellucida seemed thinner,
compared to the oocytes from the control group [39]. The
number of microvilli was considerably decreased, drops
of lipids were observed in their cytoplasm, and the cell
organellae were dispersed. In the granular cells and the cells
of the corona radiata collected from rats exposed to contact
with the waves, the signs of apoptosis were observed, such
as: condensation of the nucleus, chromatin marginalization,
and dilatation of the nuclear membrane. Basic morphological
changes found in granular cells consisted in their shrinking,
atrophy of the microvilli, and atrophy or condensation of the
cristas. Mailhes J. B. et al. also observed that the placement
of a mouse oocyte in an electromagnetic field causes
multiplication of the double system of chromosomes [40].
Panagopoulos D.J. et al. evaluated the effect of
electromagnetic waves related with the GSM network on
reproductive cells of flies, and observed an intensification of
DNA fragmentation in the nucleus and features of apoptosis
in the egg cells placed in EMF [41]. Similar conclusions
concerning the problem of acceleration of apoptosis of a mouse
oocyte were drawn by Sagioglou N.E. et al. [42]. Experiments
conducted by Fedorov A. et al. on a similar animal model
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showed that a mature oocyte is most vulnerable to damage,
while its earlier developmental stages are vulnerable to a
lower degree [43].
Studies carried out by Guney et al. on rats exposed to the
frequency 900 MHz proved that these ranges of waves cause
the occurrence of oxidative stress leading to an inflammatory
state of the endometrium [44]. These studies demonstrated
that among irradiated rats a decrease was noted in the
endometrial superoxide dismutase (SOD) and catalase, and
this phenomenon may be inhibited by the supplementation
of vitamins C and E.
Iaremchuk M. M. et al. investigated fish embryos placed
in similar frequencies of radio waves and observed an initial
increase in the SOD activity, followed by its subsequent
considerable decrease below the values observed in the
control group [45]. These studies also showed that the content
of the products of peroxidation of lipids of reproductive
cells is subject to significant changes under the effect of low
intensity of electromagnetic radiation.
Studies by Wdowiak A. et al. indicated that in a woman’s
body the activity of SOD and catalase affects the quality of
embryos and the dynamics of their development [46]. This
allows the presumption that an analogous exposure of a
human body to these wave ranges may cause reproductive
disorders at the stages from conception to the blastocyte
stage, and the implantation process.
The effect of the frequency of 50 Hz on mouse embryos
was described by Borhani N. et al. [47]. They showed an
intensification of DNA fragmentation in blastomers, as well
as a decreased percentage of blastocysts among embryos
placed in this field. In turn, Delgado J. M. et al. compared the
effect of the frequencies of electromagnetic fields of 10 Hz,
100 Hz and 1 kHz on the development of hen embryos [48].
Teratogenic effect concerned the ranges 100 to 1,000 Hz,
whereas exposure to 10 Hz did not exert any effect on
embriogenesis. However, studies by Di Carlo A. L. et al.
on a similar model confirmed that the frequency of 60 Hz
protects hen embryos against hypoxia [49].
Lim J. H. et al found a beneficial effect of EMF exerted
by the frequencies 10 Hz and 50 Hz on the culture of stem
cell lines collected from swine [50]. A similar phenomenon
was observed by Liu C. et al. in the case of cell culture
lines of mesenchymal cells of rat bone marrow stroma [51].
Proliferation of these cells was considerably elevated in
the group exposed to the 10 Hz wave. In addition, it was
found that the mineralization of the extracellular matrix
was intensified in the case of irradiation of the tissue with
the Hz wave. These results demonstrated that exposure to
various frequencies had different positive effects for viability,
proliferation and osteogenic differentiation.
The frequencies of waves up to 20 Hz have a therapeutic
effect in physiotherapy. A review of literature performed
by Shah S. G. et al. concerning the course of pregnancy in
women performing occupational activity in such fields, did
not confirm any effect on its course [52]. Analysis of available
reports pertaining to the effect of frequencies related with the
mobile network and Wi-Fi performed by Nazıroğlu M. et al.,
emphasized risk related with the occurrence of miscarriages
and the lack of other effects on the foetus in pregnant women
exposed to these frequencies [53]. Own studies concerning the
use of mobile phones during pregnancy showed that the state
of the newborn evaluated directly after delivery according to
the APGAR scale, was worse in women exposed to a greater

degree to the waves of the GSM band [54]. An explanation
of this phenomenon may be sought in the effect exerted by
electromagnetic waves on the placental functions.
Analysis performed by Łopucki M. et al. concerning the
frequency 50 Hz revealed that EMR in this band causes
unfavourable morphological changes in the placental tissues,
pertaining to the nuclei, cytoplasm and cellular membranes
[55]. The researchers also observed a decreased oxygen use,
and intensification of apoptosis in the cells of the placenta
exposed to these wave ranges [56]. Łopucki et al. also found
that the placental tissue in EMF increased the secretion of
calcium ions, which might suggest the effect of EMF on
the function of calcium channels described in other tissues
[17, 57].
CONCLUSIONS
At present, the hazardous, neutral or beneficial effects of
electromagnetic waves on human reproductive capabilities
cannot be generalized. It may be expected that there are
doses of energy which exert a neutral or positive effect,
and only exceeding them may cause hazardous effects. The
existing scientific reports provide insufficient evidence for
expressing ultimate comments concerning the amount and
form of energy transmitted in the form of an electromagnetic
wave which creates risk for humans. Therefore, it is more
important to undertake studies monitoring the value of the
intensity of the fields, and perform numerical analyses of
energy absorption.
Models of studies conducted on animals cannot be directly
referred to humans, because the cellular membranes of
the reproductive tissues are species are variable. Despite
this, both in the case of studies concerning humans
and animals, the phenomenon is observed of a higher
probability of the occurrence of various types of health
risk with exposure to increasingly higher frequencies of
electromagnetic waves.
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