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Abstract

Human lifestyle is evolving as a result of advancements in technology which is mainly driven by
electricity. The presence of extremely low-frequency magnetic fields in the Earth’s atmosphere
produced during the processes of generation, transmission and distribution of electricity in the
occupational environment can penetrate human skin and is potentially hazardous to the health of
exposed individuals, which has become a source of concern. This article presents the state of
knowledge on the electrical and dielectric properties of human tissues, examines the various
phenomena processes during the bio-interaction mechanism, and all-inclusive biological effects
process and identifies potential health risks associated with prolonged and excessive exposure to the
occupational magnetic field at extremely low frequency in addition to the underlining factors that
influence the probable threats.
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1. Introduction

The rapid scientific revolution in the study of electricity and magnetism occurred during the
19th century [1]. However, the 20th century witnessed steady growth in the levels of technogenic
sources of electromagnetic field (EMF) that pollute the Earth’s atmosphere as a result of human social
lifestyle and exponential technological developments [2-5]. These technogenic pollutants in the
environment cannot be perceived neither sensed nor sniffed during exposure. But have far-reaching
potential biological influence, and the associated health menaces have been of paramount problem for
public health services and environmental organisations like the World Health Organization (WHO)
and Environmental Health Trust [6]. The electropollution as a consequence of anthropogenic activities
has exposed humans to different sources of fields, especially the extremely low frequency (ELF)
magnetic field component that cannot be easily screened, but travels farther from the source when
compared to the electric field counterpart [7].
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The spectrum of electromagnetic fields is classified based on frequency as [8]: static field (SF),
extremely low frequency (ELF) field, intermediate frequency (IF) field, radiofrequency (RF) field and
microwave frequency field. However the research on biological effects, categorised electromagnetic
fields primarily into two groups: ELF field and RF field due to extensive usage of electricity and
various telecommunication systems respectively [9,10]. The electricity emission effects are observed
at extremely low frequencies with high power, and the telecommunication emission effects are
observed at very high frequencies with low power [11]. Thus, electrical power and related
infrastructures are the predominant sources of the ELF fields [12,13], whereas telecommunication
network equipment and radar installations are major sources of radio frequency fields [8,14].

Most literature has not elucidated the detailed processes involved in the interactive mechanism
of human beings with a technogenic magnetic field from a utility environment. This article aims to
bridge the gap by presenting an overview of the electrical and dielectric properties of human tissues
that aid interaction. Consequently, leads to the insightful processes that occur during the bio-
interaction mechanism of ELF magnetic field exposure. Also, the occupational ELF magnetic field
from electrical power at its quasi-static state was delineated, and appraisal of the different categories
of possible health consequences associated with the exposure in addition to an existing body of
knowledge was discussed.

2. Methodology

An organised search using keywords: “Extremely low-frequency magnetic fields”, “Human electrical
and dielectric properties”, “Electropollution”, “Biological effects associated with occupational
magnetic field exposure”, “Influence of occupational magnetic field on human health”, “Biophysical
mechanism of human exposure to magnetic field”, “Bio-interaction of human with magnetic field”,
was performed in the archives of ResearchGate, PubMed Central, ScienceDirect and Academia to
identify literature relevant to the article from 2013 to 2023. The articles on magnetic field at ELF
exposure effects and biological mechanism of interaction were then categorised for appraisal.

3. Results and Discussion

3.1 Extremely low-frequency magnetic field

The region of low energy in the electromagnetic spectrum comprising AC field and other
electromagnetic fields defined by frequencies from 0 Hz to 300 Hz is referred to as an extremely low-
frequency field [15]. Power frequency at 50/60 Hz is the predominant source of the ELF fields [12].
These fields encountered by humans in the environment emanate from technogenic sources such as
electrical equipment in switchyards, high-tension lines, electronics and residential appliances,
connected to electrical power systems networks [4,16].

At ELF, electromagnetic fields are quasi-static in nature, which makes the components of time-
varying electric field and magnetic field [17], propagate in perpendicular directions to each other [9]
and studied independently from one another with variations of one not influencing the other and
therefore, considered decoupled [18,19]. The ELF electric field is shielded by most materials with a
high relative permittivity such as trees, and buildings [20,21] and by the human skin because of the
low conductivity tissues that constitute the human biological system [22]. Moreover, the negligible
electric field found above underground cable is due to the impeding capability offered by the outer
layers of cable isolation and soil to the emitted field [23]. Based on the aforementioned reasons, the
International Agency for Research on Cancer (IARC) [24], has classified ELF electric field as
“inadequate scientific evidence (group 3)” of harmful effects [2]. Conversely, the ELF magnetic field
is unimpeded except by materials that possess very high relative permeability [20], and easily
penetrates biological human skin bodies without attenuation [19], due to the resemblance of its
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permeability with that of humans [5]. Hence, interacts with the cell directly but because of inadequate
polarisation, it causes various abnormalities in the cell membrane [15] such as more cell proliferation,
less cell differentiation and apoptosis [25], and thus classified as “human carcinogen (group 2B)” and
International Commission on Non-lonising Radiation Protection (ICNIRP) have focus on assessing the
level of health consequences linked with exposure [26]. The strength of the magnetic field is measured
in Ampéres per metre (A/m), but in terms of biological exposure, it is preferably expressed in Tesla

M.

3.2. Electrical properties of the human body

The inhomogeneous electrical properties of the different tissues that compose the human body
are attributable to the varying water content of the tissues [27]. To assess the ELF field effects on
humans, electrical properties such as the conductivity, permittivity and permeability of the biological
tissues must be considered with respect to the external frequency of the field [28]. Permittivity is the
intrinsic matter characteristic that determines the matter-electric interaction. It describes the medium
capability to become polarised and store energy [29,30]. Permeability is the measure of the capability
of tissue to aid the creation of the magnetic field within itself, and conductivity measures tissue's
ability to conduct electricity and carry the electric signal [28]. However, conductivity and relativity
permittivity are the electrical properties of human tissue that are functions of frequency and serve as
significant parameters for determining non-ionising dosimetry [31,32].

The human body possesses very sensitive and complex electrochemical systems that contain
electrical impulses and aid communication with the environment [33,34], due to the presence of little
internal currents in the body [35]. The mobile charged particles contained in the body fluid have
strong electrical conductivity [36], whose conductivity level within the system is determined by the
ionic strength and viscosity [37]. Even in the absence of electromagnetic fields, the chemical reactions
of charged particles in the fluid cause normal electrical currents in the human body to flow [3,38].

Two discrete migration phenomena ensue when an external magnetic field comes in contact
with conductive body fluid; the first gives rise to accumulation on the body surface and forms an
induced surface charge due to the electrolytic conductive nature of the tissues [39], while the second
results to the induced charges, setting up an internally induced electric field which cancels the
externally applied field [40]. The induced electric fields in the body, might affect the electrical
properties of living cells and alter their function depending on the specific cell type [25], but the
conductivities of various tissues have lesser impact [41]. Further findings by [39] have revealed that
when biological tissues become conductive, positive and negative charges will migrate to the skin
surface in response to the electric field. However, due to the unusual electrical properties, lower skin
temperature has been found to decrease conductivity [42].

3.3. Dielectric properties of the human body

The human body has different dielectric properties that depend on the frequency of exposure,
the biological tissue type [22,32], and temperature which makes it unstable [43]. The tissue's dielectric
properties change with water content and age [8]. Hence, tissues with higher fluid content such as
blood, muscle, liver and kidneys possessed higher electrical conductivity and dielectric constants (the
ability of the body to store the field energy) than tissues such as fat and lungs [36].

The coupling mechanism of field-level interaction with the human body is determined by the
dielectric properties of the tissues [42]. Specific conductivity and relative permittivity of tissue are the
major dielectric properties to be considered in determining the response of tissues to electric stimulus.
These properties influence the transmission, absorption and reflection capability of biological tissue's
interaction with electromagnetic fields [44]. During the exposure process, the dielectric molecules will
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be polarised and the extent of the polarisation is called permittivity. This permittivity is influenced by
fluid and electrolyte contents [29].

3.4, Bio-interaction mechanism

Published studies in [4,9,45] stated that the level of the biophysical mechanism of interaction is
a function of incident field frequency and polarisation, whereas the potential biological response is
determined by the strength of the field exposure, dielectric properties and cell types. The phenomenon
of the interaction of the field with the body is referred to as coupling [46]. The coupling of fields with
humans is a form of inductance whereby the current in one system induces a voltage in another [47].
The two main resultant coupling mechanisms of interaction in the body are the induction of an electric
field which might affect the electrical properties of living cells and alter their function; and the
generation of oscillating current by induced electric fields that aid in the transfers of body energy,
consequently increasing entire body temperature [41]. The body temperature rise stems from thermos
molecular agitation during coupling when the tissue absorbs energy [48]. Therefore, the action
mechanism of the ELF field is the induction of electromotive force and hence currents in conductive
tissues [23]. So, when the body interacts with the ELF magnetic field, the strength and duration of
exposure determine the induced electric field [49] and this induced field causes a temperature increase
of body tissues and, the phenomenon is referred to as bio-electromagnetics [48]. The process leads to
the activation of nerve cells [23], and the disorderliness of biomolecular structure altering the
physiological functions of the system [49]. This disorderliness in the biological system is a result of an
uneven distribution of ionic concentration in the different cells due to inadequate polarisation [26].

Faraday’s principle states that the time-varying magnetic field sets up electric field production
around the system [47]. During the bio-interaction mechanism, the induced electric field acts on the
neutral dielectric molecules present within the system, alters the polarity of the biological molecules
through splitting, and the formation of electric dipoles ensues from the displacement [49-51]. Thus,
distort the existing biological processes [33]. Potential differences created by the fragmented
molecules resulting from drifting in the opposite direction of the positive and negatively charged
molecules cause the flow of current in the biological system [36,50,51]. The induced current
distribution depends on incident wavelength, body location, distance and size, and the strength and
duration of exposure to the ELF magnetic field [26,52].

The electric field induced in the biological system gives rise to surface charge because the
bioelectric property's presence makes the system susceptible to electromagnetic field effects [53].
Hence, the normal physiological balance is disrupted when electric fields and circulating induced
current, compete with endogenous current and voltage [33]. And once the threshold value in the
particular body tissue is exceeded, instantaneous effects like stimulations of nerves and muscles occur
[22], and permanent effects such as neurological and cardiovascular disorders, and low sperm count
can occur [48,54]. However, the level of impact-induced electric field might have depends on the
conductive nature of the medium.

3.4.1. Biological effects of ELF magnetic field exposure

The biological effect is a physiological response to field exposure, or changes in the
environment [38], identified through both numerical modelling and simulations [55]. Environmental
exposure to the ELF magnetic field is the main influential cause of biological effects because it
interacts with the cell directly through the cell membrane [15]. The biological effects are associated
with electric fields and current induction [6]. Time-varying magnetic field induction leads to two
distinct induced currents in the system: an eddy current that circulates inside the body; and a current
infout of the body, which, could modify biological processes in the body because the induced eddy
current is not grounded in the body [46], therefore stimulate excitable tissues at low frequencies in the
body. The mechanism of induced current action in the body is what is referred to as stimulant action
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and is measured in terms of current density [56]. The current density induced is an aftermath of the
coupling of the external ELF magnetic field [35] and causes the distribution of current inside the body
and most preferable dosimetry quantity at low frequency for evaluation of induction in biological
system. Dosimetry is defined as the dose rate quantity due to external exposure [57]. The shape and
dimensions of the body, with its orientation with respect to the incident field, are factors that
determine coupling [46]. It is worth noting that current density and electric field induction have greater
coupling when the body direction to the exposed ELF magnetic field is from front to back [10].

Biological effects have become a significant and frequently explored area owing to likely risks
such as electric shock and tissue burns posed on persons exposed to ELF magnetic field [58,27]. The
effects result in detrimental changes by force alteration of ions and molecules in the cell, thereby
altering the cell membrane potential [15]. But, the mechanism for potential adverse biological effects
remains controversial [10,59], due to inconclusive independent experiments validating the
epidemiological findings that exposure to ELF magnetic field is the cause of adverse health
consequences [60]. However, a study by Swanson and Kheifets (2006) pointed out that no potential
mechanisms and aftermath biological effects of ELF magnetic fields are unlikely to occur in order of 1
UT [61]. Nonetheless, these effects on the human body are distinguished based on the duration of
exposure: long-term (cumulative) exposure or short-term (acute) exposure [18], which depend on the
electric properties of biological tissues during exposure [39,43]. These effects arise when there is
excitation of the biological neurons and muscles [56]. Thus, its influence in the biological system
often becomes obvious in the form of physiological, organic or social changes in response to induced
field. But, the observation of biological effects, does not certainly suggest the presence of biological
hazards. All the same, it may occasionally lead to a detrimental health disorder [48,62] if it strains the
system for a longer period and therefore causes permanent damage [3].

3.4.2. Health effects of ELF magnetic field exposure

An adverse health effect is the source of measurable damage to the health of an unprotected
person or that of the offspring [63]. Published kinds of literature have revealed that biological systems
are sensitive to incident time-varying magnetic fields and this can affect basic life progress such as
growth and development, orientation, structure and function of proteins, lipids, metabolic pathways,
membranes, antioxidant defence and genetic material [64].

Epidemiological and experimental research have also made known that the likely effect of ELF
magnetic field on humans might appear slow, but are continuous and cumulative [65]. The effects
produced are distinguished basically into three different types: endocrine alterations, immune system
damage and carcinogenic effects [66]. Therefore, the effects are distinctly characterised as short-term
effects and long-term effects [11,67]. The principal causes of these effects are changes in melatonin
secretion as a result of exposure to ELF magnetic fields. Since melatonin is an antioxidant and a
scavenger of free radicals, the level of this hormone declines due to exposure. The processes of
inhibitory effect to ELF field exposure that altered hormone production of melatonin that resulted in
abnormalities can summarily be termed as “melatonin hypothesis” [7,31,33,52,59,68,69]. Table 1
presents the summary of probable health effects arising from exposure to ELF magnetic field based on
the three different categories.

Table 1. Summary of ELF magnetic field exposure effects classification
ENDOCRINE ALTERATIONS EFFECTS

Underling causes Resultant effects
References Occupational stress exposure effects
[27,67,69,70] e overproduction of oxidative e Alter hypothalamic-pituitary-
stress indexes such as nitric oxide adrenal axis function, damage
in the brain DNA, depression, anxiety
and
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cognitive dysfunction

e disturbance of the antioxidant

system balance econtribute to the ageing
process

Brain exposure effects

[72,73,74] e Temperature increase in brain  elInfluences the  sensory
tissues and measurable changes perception, cognitive
in brain electrical activity activities, sleep and mood.

o Deterioration in memory
and learning processes
IMMUNE SYSTEM EFFECTS
Sleeping quality exposure effect
[27,67,70,78,79,80] e Interference in the production of e Headaches, fatigue burnout,

melatonin by the pineal gland in mental distress, anxiety and
the brain depression
Reproductive system exposure effect

[25,26,33,49,69, e Regulation  of  reproductive e Reduction in testosterone
75,76,77] hormones level, sensitivity and levels,

vulnerability of the male o Affects sexual cells and

reproductive system to sexual desire,

temperature increase and e High-risk miscarriage during

decrease human sperm pregnancy

parameters

CARCINOGENIC EFFECTS
Leukaemia exposure effect

[79,81,82] e Prolonged adult occupational e Prevalence of acute myeloid
exposure, excessive  children leukaemia (AML)
exposure, maternal  exposure e Prevalence of childhood acute
during pregnancy lymphoblastic leukaemia
(ALL)

o Affect germ cells
o Affect fetal progress
Brain tumour exposure effect
[80,83] e Prolonged and excessive ¢ Development of glioma
occupationally exposed adults ¢ Risk of meningioma
e Parotid cancer

4. Conclusions

This article has appraised the ELF magnetic field that pollutes the environment and elicited the
intensity and duration of exposure during daily encounters to influence the induction of fields with the
biological system. The elucidated electrical properties (conductivity, permeability and permittivity)
and dielectric properties of the human tissue response have brought to spotlight the interaction
mechanism that occurs in the biological system during the processes of induction and the underlining
phenomena of biological alteration. The aftermath of possible health risks associated with prolonged
and excessive exposure was reviewed and classified as a contribution to existing literature studies.
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