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Abstract
The development and implementation of electricity in the modern society have facilitated the survival of mankind in the present, modern
ages. However, the health consequences of introducing electricity into the society are poorly studied. Studies of artificial light and non-ionizing
radiation are generally low priorities on the agenda of public health organizations, and the reported existing data indicate that there are several
unanswered questions to whether humans are negatively affected in electrified environments. This article discusses the potential aspects of the
impact of electricity on human health and brain function and introduces a hypothesis. The article furthermore discusses the disturbance of sleep
patterns caused by electrified environments, and the increasing absence of natural stimuli to the human brain causing chronic ‘digital stress’
facilitating pathophysiological development. A significant need to study adverse health effects from non-ionizing radiation and synthetic
luminous environments from an environmental toxicological perspective is definitely urged.
© 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Long before any knowledge of electricity existed people
were aware of shocks from electric fish. Ancient Egyptian
texts dating from 2750 BC referred to these fish as the “Thunderer of the Nile”. Ancient cultures around the Mediterranean
knew that objects, such as rods of amber, could be rubbed with
cat’s fur to attract light objects like feathers.
Electricity would remain little more than an intellectual
curiosity for millennia until 1600, when the English scientist William Gilbert made a careful study of electricity and
magnetism. He coined the New Latin word electricus (“of
amber” or “like amber”, from ήλεκτρоν [elektron], the Greek
word for “amber”) to refer to the property of attracting small
objects after being rubbed. This association gave rise to the
English words “electric” and “electricity”, which made their
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first appearance in print in Thomas Browne’s Pseudodoxia
Epidemica of 1646. Benjamin Franklin conducted extensive
research in electricity, selling his possessions to fund his
work. In 1752 he is reputed to have attached a metal key
to the bottom of a dampened kite string and flown the kite
in a storm-threatened sky. A succession of sparks jumping
from the key to the back of the hand showed that lightning
was indeed electrical in nature.
In 1791, Luigi Galvani published his discovery of bioelectricity, in which the legs of dead frogs were shown to twitch
on application of animal electricity, demonstrating that electricity was the medium by which nerve cells passed signals to
the muscles. The recognition of electromagnetism, the unity
of electric and magnetic phenomena, is due to Hans Christian
Ørsted and André-Marie Ampère in 1819–1820. Through
such people as Nikola Tesla, Michael Faraday, Thomas Edison, Ottó Bláthy, Ànyos Jedlik, Sir Charles Parsons, George
Westinghouse, Ernst Werner von Siemens, Alexander Graham Bell and Lord Kelvin, electricity was turned from a
scientific curiosity into an essential tool for modern life,
becoming a driving force for the Second Industrial Revolution.
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The implementation of electricity into our society started
fully toward the end of the 19th century, and was soon spread
out through Europe and USA as a central medium for sustaining pivotal life functions of the society. The popular culture
of the time accordingly often depicts it as a mysterious, quasimagical force that can slay the living, revive the dead or
otherwise bend the laws of nature!
With the inventions from Nikola Tesla, Thomas Edison,
Lord Kelvin, Alessandro Volta, Luigi Galvani, and many others, the electrification of society became possible through
the use of electrical engines, the electrical telegraph and the
supply of electricity to households. Meanwhile society has
grown exponentially in the 20th century – and continues to
grow in the 21th century – and electricity has supplied it for its
necessary needs. The implementation of electricity has gradually made it possible to use radio, TV, and various other
media, which has been crucial for the emergence of yet novel
technologies.
With the further implementation of electricity, the
microchip, which is a highly dense electrical circuit, was
invented in the early 1960s and grew gradually into becoming the central component that would be applied to drive
the high-technological era. This era started fully in the
1980s, with its preparation in the 1970s when the microchip
went through major transformations in engineering feats and
design. These revolutions in design triggered the ingenuity
of many major corporations, including Apple and Microsoft,
to begin their travel into “serving society” with revolutionary inventions, the computer and the operating systems. With
the condensation of high-speed electronics into computers,
the development went even further, where cybernetics experienced a break-through in the last years with hybrid systems
where computers communicates with neurons through the
brain-computer interface (neuron-chip interface) [1]. This
gradual evolvement and implementation of electricity from
the 18th century’s Luigi Galvani into communication with
biosystems have, however, a dark side which has been poorly
discussed and evaluated in modern medicine and health science.
In Sweden, already when the new electricity was introduced on a larger scale at the end of the 19th century, certain
persons actually started to claim adverse health effects. Anecdotal reports are early found indicating the presence of the
functional impairment electrohypersensitivity. This was further strengthened by the introduction of amateur DX radio.
One of the first scientific studies to attract serious health
interest came in 1979 following the work of epidemiologist
Nancy Wertheimer, who was looking for possible causes for a
number of childhood leukemia cases in the Denver metropolitan area. Her research, performed with physicist Ed Leeper,
found that children with leukemia were more than twice as
likely to have lived in homes near high current power lines,
where the electromagnetic fields were stronger.
In “Historical evidence that the electrification caused the
20th century epidemic of diseases of civilization”, Dr Milham
introduces a number of very interesting hypotheses on the

connection between electricity and life-style diseases which
will be further discussed here [2]. Studies from the US show
a statistical correlation between the emergence of childhood
leukemia mortality (at age 2–4) in the US in the 1930s and
the spread of residential electrification. The data furthermore
show a 49% higher cancer rate for urban areas as compared to
rural ones. Both urban and rural cancer rates where lower for
low electrification states [2]. Additional findings reveal that
rates of coronary disease are 49% higher in US urban areas,
and that all cancers are 21% higher for urban cases. Diabetes
has a 66% higher rate in urban areas in US [2]. A second
and interesting aspect is that the suicide prevalence peaks
to a 30% higher level for electrified urban areas compared to
non-electrified rural areas [2]. Of course, a number of possible
confounders should not be overlooked, but for the sake of
the argument, below we will concentrate on the possibility
that electrification is, at least, one of the factors behind these
differences.

2. A hypothesis
If electricity was the sole factor and prime stimulus to
the “civilization epidemic”, as described by Dr Milham [2],
then the tendency of increased disease rates in electrified
parts can be correlated to, among very many, two hypothesized aspects: (1) the lack and reduced level of sleep as a
result of increased stimulus to amygdala activity in the human
brain by increased presence of electricity and artificial light
in the society or/and (2) the lack of the positive effects of
natural acoustic and visionary impulses exerted from nature
on the individual, which are replaced by significant levels
of environmental noise and auditory distractions from the
surroundings, such as those present in cities [3].
The first point, if proven, builds on the way the human
body reacts to sleep, where the brains ability to reduce amygdala stress signals is observed [4]. The reduction of amygdala
stress affects the release of corticosteroid hormones, which
restores bodily homeostasis and normalize brain processing in the aftermath of stress from the daily activities [5].
If stress, however, still increases as a time-/dose-dependent
factor in urbanized electrified environments, the effects of
stress on the sleep patterns become negative [6], and the
beneficiary effect of sleep – such as increased neocortex plasticity and increased learning abilities – on brain function is
reduced [7]. Once the brain function is reduced and homeostasis imbalanced, negative effects on the appetite, digestion,
disturbances of cholesterol levels in the blood and depression
often results [8,9]. Depression becomes quickly a source of
chronic stress and affects the stress-reactive hypothalamicpituitary–adrenal (HPA) axis [10]. This negative response
from lack of sleep to depression has, in its turn, effects on
the levels of basal cortisol [11].
In this way, sleep problems may affect health significantly.
The effects from sleep problems are in turn observed on melatonin levels amongst other factors, and given its role on sleep
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[12] the reported findings between electrified environments
and melatonin levels and sleep quality find support in several
studies of the detrimental causes of electrified environments
on sleep [13–20]. A study from 2001 showed that melatonin
levels in women living near power lines were lower than
melatonin levels in women living away from any power lines
[12]. Melatonin is a central component in circadian rhythms
and the deficient/disturbed expression of it is also reported
to be potentially involved in carcinogenesis and reproduction problems [13–15]. Three other studies recently report
on the existence of a sensitive response in humans to various
electromagnetic fields, and how this can be affected and in
turn modulate estrogen and melatonin metabolites in women
who live near radio and television broadcasting transmitters.
The same effect on melatonin metabolism has been observed
from cellular phones, thus delineating a connection between
brain function, electromagnetic fields and biochemical and
neurochemical responses [21–23].
The fashion in which these artificially triggered signals
affect the body is a potential source of biochemical imbalance, given the non-linearity of the brain in its reaction to
electromagnetic field impulses [24]. The non-linear EEGactivation was first introduced by Marino and co-workers
[24] who showed that a magnetosensory reaction mechanism
is activated by the brain upon exposure to magnetic fields.
Upon interaction with the neurochemical system, the magnetosensory mechanism may thus introduce a series of stress
impulses and thus contribute or represent the main cause to
the neurochemical imbalances mentioned [21–23], as also
showed in a recent very interesting study by Finnish scientists
[25].
The mechanisms of electrified environments on melatonin
levels may therefore hereby introduce the theory on that
the negative effects from electrified environments are primarily an electromagnetic disturbance on brain function and
interneuronal communication affecting sleep and other neurochemical responses. The first point of interest is founded on
that the brain operates at a particular frequency during sleep
[7]. Given that the brain’s interneuronal communication is
exerted through bioelectric signals, the effects of the degree
of radiation on neuron communication can be hypothesized
through the Faraday cage principle [26].
The Faraday cage principle states that the Faraday cage
blocks external electromagnetic fields from redistributing the
electrical charges inside the cage’s interior [26]. Analogously,
but with poor if not absent Faraday cage properties, the skull
acts as a cage to the brains electric activities but without
insulating the brains electrical properties from exterior electromagnetic fields. The exterior’s electromagnetic properties
affect therefore, in contrast to the Faraday cage principle,
the internal electrical charge distribution among neurons to
a very significant extent. The Faraday cage principle, being
absent in the case of the skull, may be the central aspect
to disturbance of neurochemical responses such in the cases
observed near high-power lines and in other situations within
significantly electrified environments [2,12,19–36]. This is
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observed in that the autonomous properties of interneuronal
communication are originally primarily dependent on the
individuals’ health and condition and that these result in a
highly individual pattern of neuronal activity.
In the case of electrification, these individual interneuronal communication patterns are potentially affected
by external electromagnetic signals altering neurochemical
responses, such as altering melatonin levels. The postulated
alteration of the charge distribution explained by the Faraday
cage principle, which in it’s turn affects the brains neurochemical patterns, may therefore during long-term exposure
affect the signaling system from the brain to the body via
the autonomic nervous system (ANS), giving rise to complications at the physiological level such as diabetes [27],
biological effects of adverse nature [27,28], and in turn be
the foundation of the patterns of childhood leukemia observed
in various studies [30–33]. These very mechanisms may be
accounted through a more frequent generation of reactive
nitrogen and oxygen species which through its generation
from electromagnetic fields induces mutations and affecting
cell cycle mechanisms [34].
Nevertheless, in an attempt to elucidate the possible effects
posed by electricity on human health [2,19–37], the level
of intensity of the radiation may naturally be of central
importance. However, the time-dependent exposure to the
weak radiation from electrified environments may be even
more important. These points can be clarified either through
long cohort studies, genetic studies of several generations or
through highly detailed molecular studies, where the possible effects of electromagnetic radiation on e.g. the brain are
quantified. Conclusively, for the first point postulated, the
connection between electrified surroundings, sleep activity
and brain sensitivity, related to endocrine and psychological effects and health impacts, lacks more data to be proven.
A series of investigations in this field is therefore strongly
encouraged, particularly when just very recently, Sonmez
et al. [28] found even a decrease in Purkinje cell number in the adult female rat cerebellum following exposure
to 900 MHz electromagnetic field pointing, in addition, to
effects on balance, coordination and motor activity in addition
to the reported effects of electromagnetic fields [19–37].

3. Environmental impulses, electriﬁed environments
and artiﬁcial light
From a historical and evolutionary perspective, manmade electromagnetic fields are very significantly different
from the natural background ones which the brain was
naturally evolved in, from the earlier ages before electrification. The background radiation levels are synthetically
increased by human activities through electrification, electrification, digitalization, and so forth (see Fig. 1) and do
introduce immediate altered physical surroundings for the
brain’s evolutionary development/adaptation. The effects of
the introduction of a different background electromagnetic
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Fig. 1. A pattern of reaction chart (POR). The POR shows the relationship between electromagnetic field frequencies and type of stress/damage induced on
the physiome (i.e. the description of an individual’s functional behavior). Sub-classifications not shown in the figure are for instance: Electromagnetic fields at
1–3 Hz are known to affect heart electric signal and cardiac function [59]. Effects from electromagnetic field frequencies on brain function are also sub-classified
in responses upon awake or sleep state. Further damage and stress induced by electromagnetic fields at other frequencies are reported in the figure.

base for brain development and function may therefore be
discussed further based on the observations posed by Dr Milham [2], but from a different angle, i.e. point two in the earlier
paragraph: interneuronal communication.
The second point with relevance to the electrification of
society is more subtle and less identifiable than the first. Based
on the presumption that electricity and electromagnetic fields
are the primary cause for psychological and medical disorders such as reported [2,19–37], the correlation may be to
a lack of natural impulses in the daily activities in urban
and electrified surroundings and the impact of artificial light
[38–44]. The lack of natural impulses may be argued to be
pleasant, or not, based on the subject experiencing it, however
natural (or near-natural) environments are the prime destination choices for holidays and relaxation purposes. Of particular interest is that peaceful impulses and philosophies are
used to relieve and calm traumatized and dying patients [45].
This interesting aspect of such a tranquillizing effect on the
brain by sources from natural surroundings may be related to
reduction of amygdala stress (cf. above) and the undisturbed
circadian expression of melatonin. Amygdala stress has also
interestingly recently been connected to systemic inflammation [46], and correlates well with mouse studies which show
inflammatory stress and DNA damage on mice exposed to
electromagnetic fields from transmission lines [47].
To discuss the inverse of this point, environmental disturbance and noise affects increasingly the prefrontal cortex
[3], and the presence of artificial light has been demonstrated
to affect negatively breeding habits of birds [39], and to be
involved with the incidence of cancer [40–44]. The second
possibility of a correlation between the electrified civilization
and emergence as well as increase, respectively, of diseases
relies therefore on aspects of research that relate habits, life
styles and health, and may also be difficult to examine without prolonged studies on various groups exposed to different
environments. As a second point to the theory, research in this

field is also required, and the statistics presented [2,19–44]
remain still to be debated.

4. Psychological disorders
Related to the neurochemical disturbances mentioned
above, the psychological disorders induced by electromagnetic fields may be even more ubiquitous and difficult to show,
particularly those which blend with minute aspects of human
evolution (decades of detrimental activities which show no
immediate or intangible effects on the populations, but postdose effects in the subsequent generations). There has thus
been a series of attempts to depict the negative psychological
effects by electromagnetic fields. The phenomenon on psychological disorders induced by radiation was investigated
by a German group of scientists recently [48]. In their study,
Thomas and colleagues demonstrated a statistically significant effect from electromagnetic radiation from wireless and
mobile telephone networks on the behavior of adolescents
and children. There were 1498 children and 1524 adolescents in the experimental group, which were tested using a
SDQ (Strengths and Difficulties Questionnaire). The results
showed that adolescents were more prone to behavioral problems as affected by mobile telephone frequencies GSM 900,
GSM 1800, Universal Mobile Telecommunication System
(UMTS 2100), Digital Enhanced Cordless Telecommunications (DECT) and Wireless Local Area Network (WLAN
2400) frequencies (Fig. 1). Seven percent of the adolescents
showed behavioral problems, while 5% of the children. The
results related the observed effect from the dosed exposure
to the radiation applied at controlled intervals, and among
possible explanations, the still developing nervous system
in adolescent and the effect on it by radiation was postulated. Also in the children group, the sensitivity of the
nervous system to radiation was mentioned, as also earlier
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reported [49,50] and the effects were also behavioral disorders. The cognitive system seems on the short-term not to
be affected according to a study [51], however the opposite
was documented in another study [52] and explained by the
modulating effect of mobile phone radiation on the response
patterns in human brain activity [53]. Furthermore this may
be connected to that preparatory slow-brain potentials have
been documented to be affected by electromagnetic fields
with particular emphasis on the temporo-parieto-occipital
brain regions, but not on the frontal one [54]. This may
partly be the explanation to that no significant effects where
observed in another study, regarding electromagnetic field
effects on human brain activity and sleep variables [55].
Correlated with the findings from Johansson et al. [56], the
cognitive character of electrohypersensitive individuals can
therefore play a pivotal role in explaining the disagreements
between studies. In the study by Johansson et al. the electrohypersensitive persons reacted more intensively to the effects
by radiation, thereby accounting for the differences. In the
study by Johansson et al. the emotional aspects following
exposure to radiation were also reported, where depression,
anxiety and exhaustion were reported for a group tested on
exposure to electromagnetic radiation. In this study, the electrohypersensitive individuals reacted indeed more intensively
to electromagnetic fields. Similarly to the investigation by
Thomas et al. [48], sleep disturbances, tiredness, stress, anxiety and concentration difficulties were also reported in a study
performed by a Swedish group among a group of adolescents
[57]. Yet convincing, a study by Huber et al. demonstrated
that electromagnetic fields including signals from mobile
telephone networks do alter the cerebral blood flow and sleep
and waking EEG [58].
The observed mechanisms of reaction to radiation may
be summarized in a pattern of reaction (POR) where the
frequency of radiation may be associated with types of pathology. In the POR we postulate that a dose-dependent response
to radiation may be summarized as follows (see Fig. 1).

5. Perspectives and conclusions
The historical perspective of our society and civilization
presents certain interesting clues. It is known from the middle
ages that the human sleeping pattern was quite different than
today’s modernized society, when it was common to retire
earlier in the evening and rising earlier in the morning, and, for
people in the far north, hibernating in the winter and working
long hours in the summer, assumingly given the absence of
artificial light as also observed recently [61]. From a public
health point of view, maybe it was a pity that Thomas Alva
Edison did invent the light bulb?
Even more interestingly, in the modern society, with the
increasing presence of electrical tools and increase of media
in households through internet, cellular telephones, entertainment tools and other gadgets, the sleeping disorders observed
in society [62–64] may be connected to the overwhelming
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levels of impulses to the still old-fashioned human brain.
However, still just as a hypothesis, the evolution of diseases –
such as those presented after the electrification of the society
[2,19–36] – brings artificial light and non-ionizing radiation
from electrified surroundings onto the public health research
agenda, and definitely should be investigated more.
Ultimately, and of equal interest, the development of “civilization diseases” vs. electrification should also be included
in the study of society’s health, given that most evidencebased medicine is conducted on short time-frames using mice
and rats, or cohort studies focusing on the exposure to more
tangible pollutants such as air and water pollution. Since
the relation between population density and development
of diseases already is on the agenda [39,65] the exposure
to man-made electromagnetic sources should be more rigorously considered. Living in unnatural radiation backgrounds
may imprint damage on health on a longer time scale, and may
be of high relevance to modern medical science. However
uncertain, the relation between radiation and disease, the consequences of studying all aspects related to large populations
may therefore aid in the search for better therapeutic alternatives, not only restricted to medical solutions but also to
activities and re-orientation of negative habits in the modern
society. Thus, to step back may be to step forward!
This article has discussed the need to investigate public health focusing on environmental toxicological aspects
of man-made electromagnetic fields in order to understand
better the interaction between the human body and artificial
background radiation. The potential of such an approach is to
aid public health research programs to generate better public
safety routines as well as general public health knowledge.
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