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ABSTRACT

The rapid expansion of technologies emitting electromagnetic fields (EMFs), including mobile communication
systems, wireless networks, household electronics, and industrial equipment, has markedly increased human
exposure to artificial EMFs. This review aims to provide an updated synthesis of current scientific evidence
regarding the potential health effects of electromagnetic field pollution. While the thermal effects of high-
intensity EMFs are well established, growing attention has focused on non-thermal biological interactions within
the extremely low frequency (ELF) and radiofrequency (RF) ranges. Reported effects include oxidative stress,
alterations in cellular signaling pathways, gene expression changes, sleep disturbances, and possible links to
cancer and reproductive dysfunction. However, study findings remain heterogeneous due to differences in
exposure parameters, experimental designs, and study populations. This review critically examines
epidemiological, in vivo, and in vitro research to identify areas of consensus, knowledge gaps, and emerging
mechanisms of action. Improving the understanding of EMF-related biological effects is crucial for informed risk
assessment and the development of evidence-based public health guidelines. Given the ubiquity of EMF-
emitting technologies, clarifying their long-term health implications is essential to ensure adequate protection
of public health and to guide future research directions. The study places special emphasis on the effects of
electromagnetic fields on human health, particularly the short- and long-term consequences of exposure on
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Introduction

With the development of technology, the level of
electromagnetic fields (EMFs) around us has increased. In
nature, there are always EMFs coming from natural
sources such as stars and the sun. Today, however,
electronic devices also contribute to these fields,
disrupting the natural electromagnetic balance and
causing electromagnetic pollution [1].

Especially in recent years, the widespread use of
wireless communication devices has exacerbated this
problem. The biological effects of electromagnetic fields
emitted by these devices on human health have become
an importantissue. Children and individuals in poor health
are more vulnerable to these effects [2].

Although international guidelines provide some
recommendations for protection from electromagnetic
fields, these measures apply only to humans. However,
the effects on plants and animals should not be ignored.
Indeed, some sources of EMFs are classified as “probable
carcinogens” for humans, which means that they can be
associated with certain types of cancer. Because EMFs are
invisible to the eye, people often fail to recognize this risk.
But while it is not possible to completely avoid exposure
to these fields, limiting exposure can prevent health
problems [3].
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Although many scientific researches have been
conducted on this subject today, the subject is still not
fully elucidated due to the rapid development of
technology. Therefore, it is of great importance to
continue research on the effects of EMFs [4].

EMF is a combination of electric and magnetic fields.
The electric field depends on voltage and the magnetic
field depends on current [5].

The electric field consists of the force exerted by
electric charges on each other and each charge creates an
electric field around it. This field is defined by the direction
of the force acting on the positive test charge and
weakens with increasing distance. The electric field,
whose unit is volt/meter (V/m), is directed from positive
to negative and can be weakened by insulating materials
[6].

The magnetic field generated by electric current
occurs when electrical devices operate. Its intensity
increases with current and decreases with distance.
Unlike the electric field, the magnetic field, whose unit is
tesla (T) or gauss (G), cannot be easily blocked by matter.
All living things have a magnetic field, even if it is weak [7].

424


http://csj.cumhuriyet.edu.tr/tr/
https://orcid.org/0000-0003-1248-7912
https://orcid.org/0000-0002-0741-5001
https://orcid.org/0000-0003-2968-9780

Cumhuriyet Sci. J.,

46(3) (2025) 424-434

A

Increasing energy

[IIVAVAVAVAVAVAVANVAN

Increasing wavelength >
0.0001 nm Q.01 nm 10nm 1000 nm 0.01 em lem I m 100 m
| | | 1 1 |
Gamma rays Xrays Ulira- Infrared Radio woves
violet
Radar TV FM AM

i
ADO nm 500 nm

Figure 1. An electromagnetic wave consists of oscillating
other and to the direction of wave propagation [8].

Electromagnetic waves, generated by the combination
of electric and magnetic fields, are generated by the
accelerated motion of charged particles and propagate at
the speed of light. These waves exhibit both wave and
particle properties and undergo various physical
interactions (e.g. reflection and refraction) [9].

The motion of charges creates electric current; these
motions create a field around them and vary according to
their position.
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Figure 2. Diagram of electromagnetic spectrum [11].
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Basic Physical Concepts:

Frequency (f): The number of vibrations per second
(Hz).

Wavelength (A): The distance traveled by a wave in one
oscillation.

Power Density (I): The amount of energy passing
through a unit area (W/m?).

Spectrum: The range in which electromagnetic waves
are classified according to their frequency [10,11].
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Basics of Electromagnetic Fields and Radiation
EMFs are composed of electric and magnetic
components resulting from the movement of electric

charges.

The electromagnetic spectrum divides radiation into
two groups:

lonizing radiation (alpha, beta, gamma, X-ray,

neutron): Can cause permanent damage to DNA and cell
structures.

Non-ionizing radiation (ELF (extremely low frequency),
RF (high frequency), microwave): Lower energy but can
cause biological effects with prolonged exposure [11].

The World Health Organization (WHO) recognizes
EMFs as an important environmental contaminant for
human health. Pregnant women and developing fetuses
are particularly vulnerable to these fields. Short-
wavelength EM waves can damage the placental barrier
and adversely affect embryo development. It is therefore
recommended to limit cell phone use during pregnancy as
much as possible [12,13].

Biological Effects of EMF

ELF: Nerve and muscle stimulation can lead to
uncontrolled neuronal activity with muscle contraction
and involuntary muscle contractions [14].

RF: May cause localized heating and hyperthermia in
the body [15].

Mobile device vs. base station: Mobile phones emit
lower power but absorb more energy because they are
used close to the head. Base stations emit a high power
signal, but the effect decreases rapidly with distance [16].

Static and low frequency effects: Head movement
during exposure to static magnetic fields can result in
vestibular and somatic effects such as dizziness, nausea
and metallic taste. In low-frequency magnetic fields (1-
400 Hz) retinal phosphene formation is observed, while
sensory effects such as auditory clicks can occur in the
mid- and high-frequency range (300 Hz-6 GHz) [17].

Relay antennas: Base stations near homes can emit
persistent electromagnetic fields throughout the day,
posing potential hazards to living organisms [18].

Anthropogenic Sources of Electromagnetic Fields
and Their Emergence as Pollution

Since the beginning of the 20th century, developments
in electricity, household appliances, industry and
telecommunications have continuously exposed people to
artificial EMFs. The effects of these anthropogenic EMFs,
which can be much stronger than natural sources, on
living organisms were brought to the agenda in 1979 in a
study by Wertheimer and Leeper [19].

it was suggested that the risk of leukemia increased in
children exposed to high magnetic fields. EMFs are
classified by frequency and wavelength, and each range
interacts with biological systems in different ways.
Understanding these interactions is important for
assessing the potential health effects of EMFs [20].

Harmful Effects of Electromagnetic Fields

In addition to natural electromagnetic fields (EMF),
anthropogenic (anthropogenic) electromagnetic pollution
is also thought to have effects on the human body and
especially on circadian rhythm. With the proliferation of
electricity, internet and wireless communication
technologies, our exposure to non-ionizing
electromagnetic radiation has increased significantly. For
example, RFs at around 1 GHz, used mainly in wireless
devices, have increased about 10™ times compared to
natural base levels. While modern devices such as
smartphones, laptops, Wi-Fi routers and LED lights have
become indispensable in everyday life, more and more
scientists and citizens are questioning the potential health
risks of the EMFs emitted by these devices [21].

Long-term use of wireless systems such as cell phones
and Wi-Fi has been linked to various health problems such
as attention deficit hyperactivity disorders,
neurodegenerative diseases, infertility, cellular damage
and cancer. Current safety standards are based only on
the thermal effects of short-term exposure, while the
biological effects of long-term, low-intensity exposure are
still under-researched. Some findings suggest that cells
respond to weak electromagnetic signals through
cryptochrome proteins and that biological clock
mechanisms such as circadian rhythms may be affected by
EMFs [22].

Parameters such as continuous exposure to RFs from
multiple sources, signal polarization, different sensitivity
levels according to organ and age are ignored in most
studies. However, numerous studies have shown that
even low-intensity RFs can affect cellular functions. These
effects include DNA damage, oxidative stress,
mitochondrial dysfunction, activation of voltage-
dependent calcium channels, induction of heat shock
proteins and increased permeability of the blood-brain
barrier ().In particular, voltage-dependent calcium
channels have emerged as an important mechanism to
explain the non-thermal effects of wireless EMFs.
However, some studies have not observed harmful effects
under certain conditions, delaying the general acceptance
of the harms of EMF exposure [23].

Effects of Electromagnetic Fields on Health:
History and Current Status

Although electricity has been in our lives for many
years, attention to the potential health effects of low-
frequency electric and magnetic fields, especially at
frequencies of 50-60 Hz, has only begun since the 1970s.
Research in these areas has revealed a variety of effects
of public health importance and increased government
interest in the subject [24].

EMFs underpin the devices and technologies used to
transmit information. In particular, the use of mobile
phones is rapidly expanding and users are not sufficiently
taking into account the potential health risks. According to
2019 data, the International Telecommunication Union
(ITU) and the Canadian Association for Wireless
Telecommunications (ACTS) reported that there are more
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than 6 billion cell phone subscriptions worldwide. In the
same year, nearly 75% of Canadian households had access
to wireless phone service, representing more than 26
million subscribers [25].

The health effects of EMFs emitted by RF and high
voltage (HV) transmission networks have also been
investigated in recent years. The growing concerns of the
population and the proliferation of new wireless
technologies have increased research interest.
International health organizations, such as the World
Health Organization (WHO), have initiated extensive
research programs to address public concerns, and the
number of studies on electromagnetic pollution has
increased significantly [26].

Many studies on laboratory animals have shown that
RF fields have potential effects on the brain and nervous
system. Effects on the endocrine, hearing, cardiovascular
and ocular systems, as well as immunological,
hematological and blood-brain barrier effects have also
been investigated. According to reports from the INRS
(French National Institute for Health and Safety), workers
exposed to EMFs may experience various health effects.
These include overheating of biological tissues,
stimulation of the nervous system and visual
disturbances. In addition, indirect effects can lead to
injuries and increased hazardous working conditions [27].

Epidemiological studies have revealed an increased
risk of leukemia in children living near high voltage lines.
Based on this, very low frequency EMFs below 100 kHz are
classified as carcinogenic to humans. Furthermore, people
exposed to variable magnetic fields above a frequency of
about 20 Hz and a magnetic field intensity of 2-3 mT may
experience magnetophosphenes (the perception of
luminous spots), also known as visual disturbances. For
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example, at a power grid frequency of 50 Hz, fields with
magnetic induction of 4-6 mT can lead to such visual
effects [28,29].

Although technological advances have improved the
quality of life, the proliferation of EMFs has brought with
it some health risks. In addition to natural sources (e.g. the
earth's magnetic field, lightning strikes), technological
devices also increase environmental exposure to EMFs
[30].

This process, which started with the discovery of
electricity, has increased exposure to EMFs with the
introduction of devices such as televisions, computers and
cell phones. According to TurkStat (Turkish Statistical
Institute) data, the average age of cell phone use in Turkey
has decreased to 10 years. The biological effects of EMFs
are especially pronounced in children and adolescents in
the developmental age group. While short-term exposure
to EMFs may cause temporary complaints such as
headache, fatigue, and burning eyes, long-term exposure
may have negative effects on the immune system by
disrupting cellular structures [31].

EMFs are a combination of electric and magnetic fields
generated by the movement of charged particles and are
common in modern life. There are different types, from
ELF fields emitted by power lines to RF fields emitted by
wireless devices. Although EMFs are used in important
technologies in power generation, communications and
medicine, their potential health impacts rAMFin a matter
of concern. Research is examining possible links between
exposure to EMFs and health problems such as cancer,
reproductive health and neurological disorders. While the
evidence is inconclusive, efforts to reduce exposure and
regulatory measures [32,33].
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Figure 3. The Effect of Magnetic Fields on Complex Life Forms [34].
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Interaction of Electromagnetic Fields with
Biological Systems

The biological effects of EMFs are explained by
thermal (heat-dependent) and athermal (heat-
independent) mechanisms. Athermal EMFs emitted from
mobile devices can cause mild temperature changes in
superficial tissues and affect cellular functions by
disrupting ion balance [35].

Epidemiologic and experimental studies show that
EMFs can have various effects on the reproductive,
cardiovascular and nervous systems. Although large-scale
studies have not reached a clear conclusion on the
association of cell phone use with tumor risk, they
emphasize that long-term exposure should be carefully
evaluated for potential health risks. In particular, the long-
term effects of early-onset EMF exposure pose a
particular risk for children. Occupational exposure studies
have shown that fatigue, headaches, sleep disorders and
decreased libido are more common in individuals working
with high-voltage lines and electrical equipment [36,37].

Electromagnetic fields in the 0 Hz-1 THz range are a
type of low-energy, non-ionizing radiation. Such waves
carry insufficient energy to break chemical bonds or ionize
biomolecules. They propagate in vacuum at the speed of
light (=3 x 108 m/s).

Today, humans are increasingly exposed to man-made
EMFs from telecommunications, medical devices and
industry, as well as natural areas. Radiofrequencies in the
0.3-30 MHz range are widely used in medicine, while
millimeter and THz waves have gained importance in
security and biomedical applications. The biological
effects of these frequencies vary according to the
exposure conditions.

Increased exposure, especially in the ELF (3 Hz-3 kHz)
and RF (300 MHz-6 GHz) ranges, has increased efforts to
better understand the mechanisms of biological effects.
These effects depend on the transfer, absorption or
storage of energy in biological systems and should be
correlated with exposure intensity [38].

Physical Basis and Properties of Biological
Tissues

Electromagnetic phenomena are described by the
variations of electric and magnetic fields in time and
space. These interactions are expressed by Maxwell's
equations and are also valid in biological environments.
Biological tissues show high dielectric constants at low
frequencies. Cell membranes accumulate charge at these
frequencies, while conductivity increases at high
frequencies. In the 10 kHz-30 MHz range, the dielectric
constant decreases, while at higher frequencies the
movement of water molecules causes energy loss and
determines the conductivity [39].

Effects of EMFs on the Reproductive System

The widespread use of technological devices
continuously exposes people to non-ionizing EMFs, static
magnetic fields, ELF, RF and microwaves. EMF exposure
can affect various physiological systems, especially the
reproductive system, through electromagnetic
hypersensitivity, cytotoxicity and genotoxicity. With the
increase in male infertility, the adverse effects of EMF on
sperm function (motility, morphology, DNA integrity) have
received attention. These effects are often associated
with oxidative stress via reactive oxygen species (ROS).
Although ROS play an important role in sperm physiology,
their overproduction can cause infertility through lipid
peroxidation and DNA damage. The body tries to balance
these effects with antioxidant defense systems such as
SOD, CAT and GSH-Px. Especially testicular tissue shows
high sensitivity to EMFs. Animal experiments show that RF
exposure increases oxidative stress and antioxidants can
alleviate these effects [40].

Effects of EMFs on the Male Reproductive
System

Infertility affects approximately 15% of couples
worldwide, of which more than 30% are male, most of
them idiopathic. EMF, especially RF waves, can have
adverse effects on sperm parameters. Studies on cell
phone use have shown a decrease in sperm count, motility
and morphology with increasing daily use. In addition, the
use of laptops connected to wireless networks close to the
testes also causes a significant decrease in sperm motility.
These findings point to the potential harmful effects of
EMFs on male fertility [41-43].

Effects of EMFs on Pregnancy

In daily life, many devices such as televisions, cell
phones and computers emit EMFs and people are
constantly exposed to these areas. The biological effects
of EMF vary depending on the duration, intensity and
frequency of exposure. Institutions such as the World
Health Organization are investigating the effects of EMF
on fetal development, especially during pregnancy. The
widespread use of technological devices exposes
pregnant women to EMFs continuously, posing potential
risks to maternal and fetal health. While some studies
suggest that exposure to low-frequency EMF, particularly
in early pregnancy, may increase the risk of miscarriage,
the evidence is conflicting. More research is needed to
clarify the possible effects of EMF. A systAMFtic review
and meta-analysis published in 2023 evaluated the results
of six studies involving a total of 3,187 participants. The
findings suggest that high levels of EMF exposure may
significantly increase the risk of miscarriage. This result
suggests that exposure to EMF during pregnancy should
be treated with caution [44-50].

428



Cumhuriyet Sci. J., 46(3) (2025) 424-434

ELF-EMF

0 Hz

Spectrim

Wave

L §——————=p Alzhcimer discase

3000 Hz

hean beat dissurbances

childhood leukemin

O

sperm matility

Figure 4. Biological Implications of Extremely Low-Frequency Magnetic Field Exposure on Human Health [50].

Relationship of EMFs
Symptoms

Studies on the effects of EMFs on psychological
symptoms have increased in recent years. However, the
findings are contradictory and there are not yet clear data
that definitively demonstrate this relationship. In a field
study conducted in Sanliurfa province center, the possible
relationship between exposure to EMF and symptoms of
anxiety and depression was evaluated in TEIAS employees
and individuals living close to high voltage lines and
transformers. According to a review published in 2024,
low-frequency EMF in the range of 3-3000 Hz can trigger
anxiety-like behaviors. Possible biological mechanisms for
these effects include impaired neurotransmission
between the hippocampus and prefrontal cortex,

with Psychological

increased  oxidative stress levels and reduced
neuroplasticity. The findings draw attention to the
possible neuropsychiatric effects of low-frequency EMF
on the central nervous system [51,52].

Effects of AMFs on Oxidative Stress

ROS are involved in fundamental processes such as
elimination of cellular damage, initiation of inflammation
and activation of the immune system. However,
prolonged suppression or sustained activation of ROS can
cause imbalances in the organism. In this context, the
effects of EMFs, especially radiofrequency EMF (RF-AMF),
on the immune system and oxidative stress is an
important area of research [53].
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Figure 5. Artificial Electromagnetic Fields and Oxidative Stress: Biological Effects and Health Consequences [57].

Biological responses to EMF may differ depending on
variables such as age, exposure duration and
environmental factors. Young organisms have a more
limited capacity to cope with oxidative stress, while
antioxidant defense mechanisms may be more effective in

older individuals. In cell culture studies, short-term
exposure to EMF has been shown to cause a transient
increase in oxidative stress in immune cells. While
experimental data on the effects of RFFAMF and ELF-MF
on oxidative stress are strong, there is no consensus on
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the long-term health risks in human studies. EMF-induced
ROS generation continues to be investigated as an
important environmental health risk. Current data do not
fully clarify the effects of EMF on the immune system.
Therefore, more controlled and comprehensive studies
that take into account age and environmental factors are
needed [54-56].

In their interaction with biological systems, excessive
ELF-AMFs can trigger oxidative stress, particularly through
the radical pair mechanism. Magnetic fields can prolong
the lifetime of free radicals and increase their intracellular
concentrations by altering the balance of double radical
reactions. However, the effects of ELF-AMFs on brain
oxidative stress and related neurological diseases are still
not fully elucidated [58].

Effects of EMF on the Nervous System

Neurons are susceptible to oxidative stress due to
their long lifespan and limited regenerative capacity.
Scientific studies on the biological mechanisms of action
are also needed. It has been found that RF-EMF can cause
changes in central nervous system nerve cells, including
neuronal cell apoptosis and changes in the functions of
nerve myelin and ion channels; furthermore, RF-EMF acts
as a stressor in living organisms. The possible biological
effects of RF-EMF exposure have not yet been proven.
Oxidative stress triggered by chronic inflammation has
been linked to the development of neurodegenerative
diseases and aging processes by causing cellular damage.
It has been suggested that EMF exposure may be involved
in these processes through oxidative stress. However,
experimental findings vary depending on frequency range
and disease type, and results in this field are still
inconsistent. However, ROS are not only harmful; certain
levels of ROS production are essential for processes such
as neuronal development, plasticity and signal
transduction. Therefore, the adverse effects of changes in
ROS levels usually occur when physiological tolerance
limits are exceeded. AMF exposure can disrupt this
delicate oxidative balance in the nervous system.
However, in some cases, AMF-induced ROS increase may
also play a regulatory role in neural adaptation and
plasticity mechanisms. In this context, the effects of EMF
on neurological functions need to be examined in more
detail through comprehensive and equilibrium-based
studies [59-61].

In recent years, epidemiologic data on the relationship
between AMFs and neurodegenerative diseases have
been increasing. The current literature does not provide
conclusive and universal findings on the effect of AMFs on
oxidative stress. Therefore, comprehensive studies with
appropriate  biological models and  controlled
experimental conditions are needed [62,63].

Effects of EMFs on Diabetes

Diabetes is a chronic disease caused by disturbances in
glucose metabolism and is characterized by a deficiency in
insulin production or activity. Current research suggests
that exposure to EMFs may affect insulin secretion and

blood glucose levels. In this context, in vivo, in vitro and
epidemiologic studies provide rAMFrkable findings on the
potential effects of EMFs on metabolic processes.
However, the cellular and molecular mechanisms
underlying the effects of EMFs on glucose metabolism
have not yet been established [64].

It is of great importance to increase studies to
understand the role of EMF exposure in both the
development and management of diabetes. In this
context, more in-depth research on the biological effects
of EMFs may guide the development of health policies and
individual prevention strategies for metabolic diseases
such as diabetes [65].

Effect of EMFs on Circadian Rhythm

Recent studies have shown that circadian rhythms can
be synchronized not only with light cycles but also with
these natural EMFs. Circadian rhythms play a central role
in regulating many physiological processes such as sleep-
wake cycles, hormone secretion, immune functions and
metabolism. Cyclic solar activities, especially sunspots and
seasonal weakening of the geomagnetic field, can disrupt
circadian rhythms and have negative effects on human
health. Circadian disruptions can cause fatigue, fever and
flu-like symptoms, as well as trigger inflammatory
processes in the elderly and individuals with chronic
diseases, worsening existing health conditions. This can
lead to increases in the incidence of infectious and chronic
diseases during certain periods [66].

Possible biophysical mechanisms related to the
perception of Earth's natural electromagnetic fields by
organisms include; These include the steering of electrons
by EMFs, the formation of light-induced radical pairs in
retinal cryptochrome proteins, and the sensitivity of
paramagnetic magnetite nanoparticles found in some
living tissues to magnetic fields. However, today, artificial
EMF pollution caused by human-induced EMFs (e.g.
wireless communication devices, base stations, low-orbit
internet satellites) can make it difficult for organisms to
perceive these natural electromagnetic signals. In
addition, factors such as non-conductive shoe soles,
building materials used in buildings, and local
geomagnetic anomalies can contribute to circadian
rhythm disorders by modifying the Earth's natural
magnetic environment. Such disruptions can trigger
health problems such as imbalances in immune system
functions and increases in chronic diseases [67,68].

EMFs and Cancer Relationship

In 2011, WHO and the International Agency for
Research on Cancer (IARC) classified EMFs as “probably
carcinogenic” (Group 2B) based on the increased risk of
glioma associated with wireless phone use (WHO/IARC
Press Release No. 208, May 31, 2011) [69].

Several studies have shown that EMFs may play a role
in the development of different types of cancer, including
leukemia, lymphoma, glioma, testicular cancer, breast
cancer, uveal melanoma, and eye tumors [70].
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A study by Kapri-Pardes et al. provided some evidence
for the potential for cellular proliferation and oncogenic
transformation of ELF-EMF. Similarly, Teepen et al.
presented epidemiological data indicating an increased
risk of childhood leukemia in children exposed to ELF-AMF
levels above 0.3 uT. The Interphone study published in
2010 reported that the risk of brain glioma more than
doubled if cell phone use continued for 10 years or more.
The meta-analysis by Bortkiewicz et al. supported an
increase in the risk of intracranial tumors with long-term
cell phone use. However, some studies have not found a
clear and consistent relationship between cell phone use
and cancer development. For example, some studies
based on the location distance to GSM or cell towers have
not found a significant association between glioma,
acoustic neuroma, and parotid gland cancers and location
distance [71].

AML, CML, ALL

Epidemiological data suggest that chronic exposure to
high-frequency EMFs may increase the risk of developing
lymphatic and hAMFtopoietic cancers. A study conducted
in the vicinity of a radio station in Rome found that
childhood leukemia cases were higher than in the general
population. Similarly, in Australia, Hocking and colleagues
reported a higher incidence of leukemia in those living
near television broadcasting stations. However, since
these studies did not measure leukemia cases and
radiofrequency exposure, a definitive relationship could
not be established. Morgan and colleagues' study of
workers in the production of wireless devices concluded
that the mortality rates associated with brain cancer,
leukemia, and lymphoma were no different from the
normal population [72].
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Figure 6. Magnetic Fields in Cancer: Epidemiological Evidence, Cellular Mechanisms, and Theranostic Applications [73].

Effects of EMFs on the Cardiovascular and
Circulatory System

Fang and colleagues investigated the effects of short-
term exposure to extremely high ELF-AMF on the
electrocardiogram (ECG). In these studies, significant
changes were observed, especially in the RR interval,
while no significant differences were found in other ECG
parameters. However, more comprehensive studies are
needed to fully evaluate the clinical and physiological
significance of these findings. In addition, evidence has
been obtained for genotoxic effects of ELF-AMF on
peripheral lymphocytes in groups of workers exposed to
long-term and low-level non-ionizing radiation. Although
the potential effects of EMF exposure on

lymphomonocyte morphology have also been reported in
some studies, more experimental and epidemiological
studies are needed on the effects of parameters such as
the type, intensity, and frequency of EMF [77,75].

Epidemiological and Clinical
Observations

Epidemiological studies and individual observations
show that symptoms such as headache, dizziness, tinnitus,
distraction, fatigue, anxiety, insomnia, and even increased
suicide rates are more common in individuals living near
cell phone towers and antennas. An increase in
neurodegenerative diseases and some types of cancer has
also been reported [76].

Findings
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The fact that young and healthy individuals often do
not exhibit significant symptoms in the short term may
lead to these risks not being taken seriously enough in
society. However, older individuals and those with chronic
diseases may be more sensitive to the possible harmful
effects of EMFs. This sensitivity is often associated with
factors such as disruption of circadian rhythm, an immune
profile prone to inflammation, and reduced stress
tolerance [77].

Conclusion and Future Perspective

Many biological mechanisms have been proposed for
the effects of man-made EMFs on health, and thousands
of studies have been published showing the non-thermal
effects of low-intensity microwaves. However, these
findings are mostly ignored. Considering the potential
effects on human and environmental health, the
development of more biocompatible technologies and
environmental regulations is becoming increasingly
important [80].

In recent years, animal and cell studies have shown
that EMFs can cause harmful effects, especially in the
nervous and reproductive systems, by creating oxidative
stress. Neurons and reproductive cells appear to be more
sensitive to these effects. RF-EMF and ELF-EMF exposure
increases oxidative stress levels, especially in the brain
and testes. Similar effects have also been observed in
other organs such as the liver, kidney and ovary [79].

It is thought that these effects vary depending on the
duration, frequency and intensity of exposure; they are
especially more pronounced in the young, the elderly and
individuals with chronic diseases. However, the
methodological deficiencies of some studies make it
difficult to generalize the findings.

However, the general trend is that even low-level EMF
exposure can disrupt cellular balance. It is thought that
some individuals are more sensitive to EMF and that this
situation is due to weak defense mechanisms against
oxidative stress [80].

Electromagnetic field exposure and health problems
among college students.

Therefore, it is important to develop ways to protect
against EMF exposure. This protection can be supported
by healthy nutrition, sufficient sunlight, antioxidant
intake, stress management, appropriate exercise and
electromagnetic hygiene practices. It is necessary to
increase awareness in society on this issue, to inform
individuals, especially children, and to reduce exposure
with legal measures, especially in work environments. In
addition, it is important to inform users about the safe use
of commonly used devices such as mobile phones.

Neurodegenerative disorders, cardiovascular disease,
reproductive health problems, and some types of cancer
are prominent among the potential illnesses associated
with  electromagnetic field exposure. Therefore,
understanding not only the biological effects but also the
development of preventive strategies is critical. Limiting
exposure, disseminating safe use protocols, strengthening
regulatory standards, and increasing public awareness
offer effective approaches to reducing the health risks
posed by electromagnetic fields. These results point to the
need for a more holistic assessment, encompassing both
clinical and public health aspects.

In conclusion, although the effects of EMFs on health
have not yet been fully elucidated, current data indicate

that caution should be exercised against potential risks.
More comprehensive and standardized scientific studies
are needed in this area.
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