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• Human exposure to man-made EMFs
has increased with increasing health
problems.
• Metal shielding is lately suggested by
private companies/individuals as a way
to reduce exposure.
• Metal shielding reduces both manmade and natural atmospheric EMFs.
• EHS symptom relapses and internal
desynchronization are reported after
shielding.
• An avoidance strategy of man-made
EMFs should be preferable than metal
shielding.
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a b s t r a c t
Human exposure to man-made Electromagnetic Fields (EMFs) has increased to unprecedented levels, accompanied
by increase in various health problems. A connection has been indicated by an increasing number of studies. Symptoms characterized as Electro-hyper-sensitivity (EHS) are frequently reported especially in urban environments.
Lately, people are advised by private companies and individuals to protect themselves from man-made EMFs by
metal shielding through various products, for which there are reasonable concerns about their protective efﬁcacy
and safety. Indeed, any metal shielding practice, even when correctly applied, attenuates not only man-made totally
polarized EMFs accused for the health problems, but also the natural non-polarized EMFs responsible for the biological rhythmicity and well-being of all animals. Strong evidence on this was provided by pioneering experiments in
the 1960's and 1970's, with volunteers staying in a shielded underground apartment. We analyze the physical principles of EMF-shielding, the importance of natural atmospheric EMFs, and examine available shielding methods and
suggested products, relying on science-based evidence. We suggest that an avoidance strategy is safer than
shielding, and provide speciﬁc protection tips. We do not reject shielding in general, but describe ways to keep it
at a minimum by intermittent use, as this is theoretically safer than extensive permanent shielding. We explain
why metallic patches or “chips” or minerals claimed by sellers to be protective, do not seem to make sense and
might even be risky. We ﬁnally suggest urgent research on the safety and efﬁcacy of shielding methods combined
with use of generators emitting weak pulses of similar frequency, intensity, and waveform with the natural atmospheric resonances.
© 2019 Elsevier B.V. All rights reserved.
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2.

1. Introduction: Health effects of man-made EMFs and “protective”
products
Human exposure to man-made Electromagnetic Fields (EMFs) has
increased tremendously in recent years. In parallel, there is an ever increasing number of people reporting a variety of health problems,
while many private companies advertise and sell a variety of “health”
services and products of non-evidence based value.
Exposure of people to the totally polarized EMFs of the human technology, especially Radio Frequency (RF) or microwave (in the GHz
range) and Extremely Low Frequency (ELF) (0–3000 Hz) EMFs from
Mobile Telephony (MT) antennas, and ELF 50–60 Hz electric and magnetic ﬁelds from power lines, has increased to unprecedented levels in
order to satisfy the increasing demands of technological applications
used by the modern society (Sangeetha et al., 2014; Panagopoulos
et al., 2015; Buckus et al., 2017). Both ELF and RF/microwave EMFs
have been classiﬁed as possible human carcinogens (“2B Group”) by
the International Agency for Research on Cancer (IARC, 2002, 2013).
A large number of studies published in peer-review international
scientiﬁc journals have found a variety of biological effects, (including
the most detrimental ones such as DNA damage, cell death, and infertility) to be induced by exposure to either RF or ELF man-made EMFs
(Agarwal et al., 2008, 2009; Balmori, 2005, 2006, 2010; De Iuliis et al.,
2009; Panagopoulos, 2011, 2017, 2019). Moreover, epidemiological
studies report an increasing connection between ELF or RF EMF exposure and cancer (Draper et al., 2005; Kheifets et al., 2010; Hardell
et al., 2007, 2009, 2013a, 2013b; Khurana et al., 2009; Wang and Guo,
2016; Momoli et al., 2017).
A pathological syndrome on humans, initially reported by the
German medical doctor Erwin Schliephake in 1932, then by Soviet
researchers in the 1950's, and reappeared massively and rapidly increasing during the past 10–20 years, is called electro-hypersensitivity
(EHS) or “microwave syndrome” and includes headaches, anxiety,
sleep disorders, fatigue, etc. (Schliephake, 1932; Johnson-Liakouris,
1998; Santini et al., 2002; Navarro et al., 2003; Hutter et al.,
2006; Abdel-Rassoul et al., 2007; Blettner et al., 2009; Kundi and
Hutter, 2009; Gómez-Perretta et al., 2013; Shahbazi-Gahrouei et al.,
2014; Belpomme et al., 2018). Similar effects that were previously categorized as medically unexplained symptoms (MUS) are recently attributed to chronic stress and inﬂammation (Tsigos et al., 2015). Continuing
efforts are being made to ﬁnd and establish objective methods for EHS
evaluation, which is most important for its diagnosis and effective treatment (Rea et al., 1991; McCarty et al., 2011; Havas, 2013; Heuser and
Heuser, 2017; Irigaray et al., 2018a, 2018b).
In recent years many private companies and individuals suggest to
people concerned about the effects of man-made EMFs on their health
- and especially to those suffering from EHS - to use metal shielding
against MT and related types of RF/microwave EMFs usually emitted
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by antenna towers in the neighbourhoods. These include metal grids
or paints for shielding buildings/spaces, and a variety of products to protect from their own mobile phones and other EMF-emitting devices.
People are asked to pay considerable amounts of money in order to
shield their homes, buy shielding clothes, shielding bed canopies, and
a variety of other products to protect them from their own devices.
If that practice worked, it would indeed be a solution to provide protection for the human health in working/residential environments of increased EMF exposure levels. Unfortunately, the topic is complicated,
and in fact it can be a risky practice as we shall explain below. This is
probably the reason why there is an almost complete lack of experimental peer-reviewed studies verifying the efﬁcacy and safety of such
shielding products and practices.
2. Shielding properties of metals
2.1. Principles of EMF-shielding
Shielding the buildings against EMFs is accomplished by metal grids
or paints covering the walls and ceilings, and ﬁlms (containing metal
grids) or curtains for the windows. A variety of sophisticated shielding
materials has been developed including rubber with iron powder mixture (Lapkovskis et al., 2017). Moreover, a variety of products such as
shielding garments, sleep shielding (bed canopies, sheets, blankets containing metal grids), etc., have appeared on the market.
The shielding properties of all these materials and products are
based on the conductivity of the metal elements they contain. All
conductive materials/objects concentrate on them and reﬂect electromagnetic waves/EMFs due to the existence of free carriers (charged
particles able to move freely) within their masses. The higher the conductivity is, the more increased the EMF/wave-attraction and reﬂectivity. The most conductive materials are metals. All metallic surfaces/grids
insulate electromagnetically by reﬂecting backwards upcoming electromagnetic waves due to their free electrons. These are the outer or valence electrons in all metal atoms, weakly bound to their nuclei. They
can be easily detached from their atoms and ﬂow in the form of a
cloud within the entire metallic mass. Free electron clouds displaced
towards positive electrical potentials and repelled by negative ones, attract and immediately reﬂect external EMFs/Electromagnetic Radiation
(EMR) directed towards the metallic surface or grid rendering the space
surrounded by the grid electrically neutral (in zero electrical potential).
This effect, called electromagnetic coupling, was originally studied by
Faraday and other pioneers and such grids are often called Faraday
cages (Alexopoulos, 1973; Tsaliovich, 1995).
It is the displacement of the free electron cloud against the direction
of the external electric ﬁeld that concentrates the force lines of the ﬁeld
on any metallic/conductive object and diminishes the electric ﬁeld and
consequently the energy of upcoming electromagnetic waves in the
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space behind the object. If in addition, the metallic object/surface/grid is
made from ferromagnetic metal (Fe, Co, Ni), it diminishes the magnetic
ﬁeld as well in the space behind it by concentrating the magnetic force
lines on it, and in such a case the shielding is more effective (Alonso and
Finn, 1967; Alexopoulos, 1973; Jackson, 1975; Tsaliovich, 1995). Radar
operation is based on this effect for detecting metallic objects (ships, aircrafts, etc.). Electromagnetic waves emitted by the radar are reﬂected by
metallic objects and return to the radar forming a spot on its display.
Non-conductive objects such as wooden ships are not detected by
radars.
Thus, all metal grids/surfaces, and especially ferromagnetic ones,
will insulate their surrounded space from all external EMFs at all frequencies. They are not frequency-selective except that the lower the
EMF frequency is, the more penetrating the EMF/EMR.
The “penetration depth” δ for plane electromagnetic waves within a
material (deﬁned as the depth at which the wave is damped to 1/e =
0.368 of its initial amplitude), is given by the equation:

δ¼

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2
μωσ

ð1Þ

(where ω = 2πf, f the frequency of the wave, and μ, σ the magnetic permeability and speciﬁc conductivity of the material respectively)
(Ludwig, 1974; Jackson, 1975). As denoted by the equation, the higher
the frequency and the conductivity are, the smaller the penetration.
Thus, metals having higher conductivities than all other materials prevent EMF penetration more effectively. Moreover, ferromagnetic metals
(with μ ≫ 1) prevent penetration and shield from upcoming EMFs/EMR
even more effectively than other metals. A practical conclusion is that
any metallic shield will attenuate all EMFs coming from outside, and increase all EMFs coming from inside the shielded space. Grounding the
metallic shield will - theoretically - only increase its reﬂecting capacity.
EMFs emitted from inside the space, such as 50–60 Hz power EMFs,
microwave emissions from mobile phones, cordless domestic phones
(DECT), wireless internet routers (Wi-Fi), microwave ovens, etc., will
be reﬂected backwards multiple times and trapped by the metallic
shield inside the shielded space, i.e. the interior of the house. As a result,
their levels will increase.
Moreover, and most importantly, external natural ELF EMFs such as
the terrestrial electric and magnetic ﬁelds or the atmospheric EMFs
(Schumann resonances) responsible for the excitation and rhythmicity
of all animals/humans brain electrical activity, absolutely vital/necessary for any animal's physiological function and well-being, will be attenuated as well with potential long-term adverse consequences, as
we analyze below (Schumann, 1952; Presman, 1977; Dubrov, 1978;
Wever, 1970, 1973, 1979).
Although as explained, RF/microwave EMFs will be reﬂected more
effectively by any metallic shield than the ELF EMFs, signiﬁcant experimental evidence suggests that the most bioactive constituents of MT
and related types of modern telecommunication EMFs are the ELF pulsing and modulation, not the RF carrier wave itself. In many experiments
since the mid 1970's on many different biological endpoints, it is repeatedly shown that unmodulated continuous wave RF EMFs of different
frequencies had little or no effect, while the same RF signals modulated
by pulsed or sinusoidal ELF ﬁelds were bioactive (Bawin et al., 1975,
1978; Frei et al., 1988; Bolshakov and Alekseev, 1992; Penaﬁel et al.,
1997; Huber et al., 2002; Höytö et al., 2008; Franzellitti et al., 2010;
Campisi et al., 2010). In addition, ELF EMFs alone (without any RF carrier) are found to be independently bioactive as are RF EMFs modulated
or pulsed by ELFs (Bawin and Adey, 1976; Goodman et al., 1995;
Panagopoulos et al., 2013). All these experimental results are in agreement with the Ion Forced-Oscillation mechanism for the action of
EMFs on cells which predicts that the bioactivity of a polarized EMF is
inversely proportional to its frequency, practically meaning that in the
case of EMFs that include a combination of RFs and ELFs, the ELF
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components (pulsing and modulation) are actually the bioactive ones
(Panagopoulos et al., 2000, 2002, 2015). A grid thick and dense enough
to attenuate effectively man-made ELFs will inevitably attenuate the
natural ELFs as well.
2.2. EMF-shielding measurements
In order to have an estimation how much EMFs can be attenuated by
metal shielding, we measured the electric and magnetic component of
the 50 Hz EMF emitted by a simple lamp switch with a ME 3030B ELF
ﬁeld meter (Gigahertz Solutions, Germany), at 5 cm distance from the
switch. We used a piece of grid made from galvanized iron (available
on the market) and gave it a single-layer cylindrical shape that the
ﬁeld meter could be inserted within the cylinder without being in
touch with the grid. The wire thickness was 1 mm, and the mesh openings 1 cm × 2.5 cm. The electric (E) and magnetic (B) ﬁeld readings excluding the background were: a) Without shielding: E = 30 V/m, B =
0.15 mG. b) With shielding: E = 9 V/m (70% decrease), B = 0.13 mG
(13.33% decrease). Since Schumann resonances and their harmonics
are in the same frequency range (~8–100 Hz), the above attenuation
provides a representative estimation of how much they are attenuated
as well by such a metal grid.
The same metal grid reduced the RF EMF (~1950 MHz) from an active UMTS (Universal Mobile Telecommunications System) mobile
phone in “talk mode” at 5 cm distance, from ~15 μW/cm2 to ~3 μW/
cm2 (~80% decrease) as measured by a Cornet ED-85EX Plus (Cornet
Microsystem Inc., USA) RF ﬁeld meter. The ﬁeld meter and the grid
were well outside the mobile phone's near-ﬁeld which extends
~2.45 cm from the device.
These are indicative measurements to provide an approximation of
how much ELF and RF EMFs are reduced by metal shielding. As we can
see, indeed the metal grid reduced the RF signal more than the ELF
ﬁelds, but not much more, especially compared with the reduction in
the electric component of the ELF ﬁeld. If we used a thicker and/or
denser metal grid as in Panagopoulos and Margaritis (2010) the attenuation in both RF and ELF bands could be signiﬁcantly greater.
3. Natural atmospheric EMFs and their importance for life
The global lightning activity, i.e., electromagnetic waves produced
by the atmospheric discharges during thunderstorms, creates an electromagnetic background oscillating in the lower ELF band within the
earth-ionosphere shell cavity. The ﬁrst observations of global electromagnetic resonances were made by Nicola Tesla (1905). Winfried O.
Schumann (1952) studied theoretically this phenomenon and predicted
the frequencies of these resonances which became known as “Schumann resonances”. Later they were measured to have maxima at 7.8,
14.2, 20.3, 25.9, 32.0, ~39, and ~45 Hz (Balser and Wagner, 1960;
Koenig, 1974; Nieckarz et al., 2009; Persinger, 2014). These atmospheric
electromagnetic oscillations can be measured with specialized instrumentation in the lower ELF band at locations away from man-made
ELF EMF-sources such as 50–60 Hz power lines, etc. (Barr et al., 2000;
Price et al., 2007; Votis et al., 2018).
It is amazing, and - of course - of utmost importance that the basic
frequency of the global electromagnetic resonances (7.8 Hz) coincides
with the basic frequency of the alpha rhythms of the human brain electrical oscillations (7.8–13 Hz) as was already recorded in electroencephalograms (EEG) by Hans Berger since the mid 1920's (Berger, 1929;
Schienle et al., 2001; Persinger, 2014).
Knowing the connection between Berger's and Schumann's discoveries, Ruetger A. Wever a biophysicist at the Max Planck institute in
Germany, conducted series of pioneering experiments for more than a
dozen of years continuously during 1960's and 1970's. The participants
(a total of 232 volunteers) stayed for several weeks (29 days on average) within two identical underground apartments, the one of which
was equipped with metal shielding in the walls (unknown to the
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subjects). The metal shielding was prohibiting the natural atmospheric
(Schumann) EMFs (and the static terrestrial electric and magnetic ﬁelds
as well) to penetrate in the shielded apartment.
The experiments showed that the circadian rhythms of the individuals (activity, temperature sleep/waking cycles, secretions, etc.) in the
shielded apartment began to desynchronize from their normal 24 h-period, acquiring within a week a longer period of up to 28.5 h. This phenomenon, called “internal desynchronization”, did not occur in the
control subjects who participated in the experiments staying within
the identical not shielded underground apartment. By turning on an
electric pulse generator in the shielded apartment (also unknown to
the subjects) producing 2.5 V/m square pulses with a frequency at
10 Hz, the rhythms of the individuals in the shielded apartment were
synchronized again and differences in the rhythms among individuals
were diminished. When the generator was turned off, immediately, internal desynchronization started again. In contrast to the 10 Hz electric
ﬁeld, static electric or magnetic ﬁelds could not restore synchronization
The illumination in both apartments during the experiments was either
self-controlled by the participants, either constant. Therefore in both
cases there was no light-dark periodicity in both apartments. In addition, the participants in both apartments were free to leave the apartments any time without contacting the experimenter. Still, only in the
shielded apartment the people became desynchronized. The obvious
conclusions were that, a) the natural atmospheric (Schumann) EMFs
constitute a pacemaker for the human/animal biological rhythms,
b) the 10 Hz ﬁeld compensated for their absence, and c) this atmospheric EMF-pacemaker seems to be determinant for internal synchronization independently from the night-day (light-dark) periodicity
(Wever, 1970, 1973, 1974, 1979).
The shielding in these experiments was quite intense and consisted
of ﬁve thin layers/sheets of iron (mild steel) plus additional structural
steel in the walls, which resulted in strong attenuation of the terrestrial
static magnetic ﬁeld by 99%. Orientation by magnetic compass or radio
reception, were not possible within the shielded apartment while they
were unaffected in the non-shielded one (Wever, 1974, 1979).
The reason Wever and his co-workers chose a 10 Hz pulsing electric
ﬁeld to restore synchronization was that this frequency is close to the
basic Schumann frequency which is now known to be 7.8 Hz. Originally
Schumann had theoretically calculated this frequency to be 10.6 Hz, according to his formula,
fn ¼

c pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
nðn þ 1Þ
2πR

ð2Þ

pﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
or fn = 7.5 nðn þ 1Þ, for n = 1 (n = 1,2,3, …). fn (in Hz) the frequencies
of the atmospheric electromagnetic resonances, c the velocity of light in
the earth–ionosphere cavity (~3 × 108 m/s), 2πR the earth's circumference (~4 × 107 m), and R the average earth's radius (Schumann,
1952). A few years later, detailed measurements revealed that although
Schumann's calculations were accurate, the measured frequencies are a
little lower than those predicted by Schumann's formula because of ionospheric losses (Schumann, 1952; Balser and Wagner, 1960; Koenig,
1974; Barr et al., 2000; Price et al., 2007; Nieckarz et al., 2009; Votis
et al., 2018). Although in Wever's experiments the 10 Hz ﬁeld was
very effective in restoring synchronization, we may now reasonably
speculate that a 7.8 Hz ﬁeld would be even more effective.
It is most important to emphasize that long-term internal
desynchronization is linked to a variety of health problems including
depression, sleep disorders, impulsivity, mania, metabolic syndrome,
cardiovascular disease, and increased cancer risk (Reinberg et al.,
2007; Salgado-Delgado et al., 2011; Shanmugam et al., 2013).
Therefore, it is evident that the human/animal circadian rhythmicity,
as well as the physiological electrical activity of the brain, are excited
and attuned by the natural atmospheric ELF EMFs. Cells and living organisms are subtle and accurate electric circuits with weak transient
electric currents consisting of free ion ﬂows through cells and tissues,

practically controlling every cellular/biological function (Nucciteli,
1992; McCaig et al., 2005; Panagopoulos, 2013). This subtle endogenous
electrical activity is controlled and attuned by the natural atmospheric
EMFs (Wever, 1970, 1973, 1974, 1979; Presman, 1977; Dubrov, 1978;
Kato, 2006; Persinger, 2014; Panagopoulos and Balmori, 2017). Thus, although electrical activity in the human/animal body is produced by depolarizations/repolarizations of cell membranes (Alberts et al., 1994),
the rhythms of these phenomena in the brain - and consequently in
the entire body - are synchronized by ultradian and circadian biological
clocks with alpha brain waves corresponding to Schumann resonances.
Attenuating these natural EMFs will ultimately result in disrupting
the physiological function of any living organism. The health problems
reported by submarine personnel (completely shielded from the natural EMFs due to the closed metallic walls and the conductive sea
water) can be explained on the same basis. These facts suggest that
any personnel working in any spaces with metallic walls (submarines,
ships, aircrafts, etc.), should spend as many hours as possible outside
during the rest hours of their days. The metal grids or paints usually applied to shield houses may not insulate as intensely as do thick metallic
walls or even the successive thin layers in Wever's experiments, but the
attenuation of the natural EMFs that they will bring about may have
long-term adverse consequences.
It seems that the reason why man-made EMFs/EMR are damaging to
human/animal health, while natural EMFs/EMR at normal exposure
levels are vital, is that man-made EMFs are totally polarized and coherent while natural ones are unpolarized or partially polarized and incoherent (Panagopoulos et al., 2015). Unfortunately any metal shielding
not only is not frequency selective, but neither polarization selective.
Thus, it will attenuate both man-made (polarized) and natural
(upolarized) EMFs/EMR.
4. Analyzing current shielding methods and products
4.1. Shielding against outdoor EMF-sources
It has been reported that house shielding by metal grids or paints can
play a beneﬁcial role alleviating some of the symptoms experienced by
EHS people. It is admitted though, that “there is much space for subjective considerations” (EHS Foundation, 2013). It has also been reported
that on many occasions after an initial period of retreat, symptoms relapsed and were even worse than before (Carlo, 2008). Symptom relapses have been admitted even by companies that sell shielding
materials: “If you are sensitive and you feel worse after shielding material is installed and the high frequency radiation is in fact lower than before the shielding…” (https://www.emf-detector.org/reduce-emf/
successful-shielding/).
A great disadvantage of all existing up to today reports on EMFshielding effects is that they are not published in peer review scientiﬁc
journals or books, but in bulletins and internet pages. This is due to
the lack of well-designed rigorous studies based on scientiﬁc methodology to ﬁnd out whether indeed metal shielding can alleviate the symptoms experienced by EHS people. Certainly it is not easy to carry out
such studies due to difﬁculties in objective tests evaluating EHS, and
the fact that the relapse of symptoms may take months or years, after
the shielding.
Theoretically, total permanent metal shielding of a house should
only be done in the hypothetical case in which it is ensured that the natural atmospheric EMFs (Schumann resonances) are highly penetrating
after the shielding. Apart from the fact that this is rather unlikely according to the measurements and analysis presented in section 2, it is almost
impossible to directly verify this, especially in modern residential environments. It takes very specialized instrumentation (ELF spectrum analyzers with suitable ﬁlters to suppress the noise due to power lines and
other ELF man-made sources) to take credible measurements at intensities down to 0.02–2 mV/m, or 0.5–1.5 pT. Apart from locations far
away from man-made EMFs, the weak Schumann oscillations will be
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totally masked by the much stronger man-made ELF emissions (Koenig,
1974; Ludwig, 1974; Price et al., 2007; Votis et al., 2018). [Fortunately,
“masked” does not mean they are cancelled. They are there but not easily detected due to limitations of our instrumentation.] In practice, and
in terms of testing whether Schumann resonances remain unaffected
after shielding, the materials used for shielding can be tested against
any EMF source operating at power frequency 50–60 Hz. If both the
electric (E) and magnetic (B) components of the 50–60 Hz ﬁeld remain
largely unaffected after shielding (which is unlikely), then probably
Schumann resonances are unaffected as well. A more accurate testing
would be measuring the E-B attenuation by the shielding material on
the exact Schumann frequencies emitted by a speciﬁcally constructed
generator.
Total permanent metal shielding of a house would permanently attenuate natural EMFs, and would also increase EMF levels from sources
inside the house and thus, it should be avoided, even when combined
with a generator emitting Schumann resonance frequencies, due to
the current lack of long-term experimental data verifying its safety.
Unfortunately, current architectural EMF-shielding methods do not
consider at all the effects of shielding on the Schumann resonances
(Hemming, 1992). Moreover, any sharp corners and edges of the
shielding material can cause large ﬁeld increases in their vicinity due
to ﬁeld distortion called “corner effect” (Ludwig, 1974).
Partial/selective permanent shielding of certain walls of a house (e.g.
in the direction of the neighbourhood's antenna tower) is also risky,
since polarized EMFs/EMR of the same polarization (as e.g. from all
MT base antennas vertically oriented) can create constructive interference effects, i.e. spots of increased intensity, at unpredictable locations
behind a shielded surface (Panagopoulos et al., 2015). Radiation will
be diminished right behind a metal patch (e.g. a single wall) but it
may increase at other locations due to interference. Moreover, in case
that the network of antennas in the area changes by e.g. addition of
more antennas, the entire situation may change dramatically.
Using metal patches to diminish radiation behind the patch, is generally risky because, as with any partial shielding, there may be hardly
detectable spots of increased radiation due to interference at different
other locations in the body. As explained, all metallic objects concentrate on them EMFs/EMR by electromagnetic coupling and immediately
reﬂect them. This means, on the one side of the metal object/surface towards the EMF-source, intensity increases, while on the other side
decreases. Thus, all metallic objects, including metallic minerals, such
as shungite, claimed to protect from EMFs/EMR (Kurotchenko et al.,
2003) should be avoided close to the body of an EHS person since
they can increase exposure. Alleged protective effects from such products do not seem to make any sense.
In any case, the aspect of permanent house shielding (total or partial), in combination with elimination of indoor EMF-sources, and use
of a pulse generator emitting weak pulses at the Schumann resonance
frequencies, should be carefully and urgently investigated by longterm animal experiments, given the fact that man-made electromagnetic pollution is constantly increasing. Perhaps, the use of polarizing
materials instead of metal grids, which would selectively cut only the
vertically polarized EMFs emitted by antennas, should be carefully investigated as well.
The use of a shielding bed canopy during sleep would - theoretically
- be safer than permanent shielding of the house on the condition that
any electric/electronic device should be out of the canopy (and better
turned off) during sleep. In such a case, it is possible that any trend for
internal desynchronization due to the attenuation of the natural EMFs
during the sleep time will be restored during the remaining hours of
the day. This option of intermittent shielding also seems to be safer
than wearing shielding garments for the following reasons: a) Clothe
shielding is partial on certain parts of the body only. Head or ﬁngers
and possibly other parts of the body are usually not covered. b) The person wearing shielding clothes is moving. c) Any contact of the skin with
the metal grid of the garment may increase exposure locally.
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Another option of (partial) clothe shielding is wearing metal grid
caps (called “sleeping caps”) on the head during sleep or even during
the daytime. A recent article reported that from 64 EHS patients who
were asked to wear metal grid caps on their heads for 4 h during sleep
and for another 4 h during normal activity, 90% reported a “deﬁnite or
strong change in their symptoms” (Marshall and Rumann Heil, 2017).
This article did not include statistical analysis, there was no control
cap without metal grid to test for a possible placebo effect, and did not
report whether the “change in the symptoms” was an improvement
or worsening.
As explained already, one of the great dangers with partial shielding
is that radiation can create interference spots of increased intensity at
non-shielded parts of the body. This greatly depends on the position
of the person in relation to the source(s). When a partially shielded person is moving, the spots of interference change unpredictably. In such a
case the exposure on the non-shielded parts, as e.g. the head, may increase considerably at different instances/positions during movement.
Moreover, as the metallic grid will attract upcoming EMFs on its external surface, wherever it touches the skin, it may increase the local exposure instead of decreasing it.
These effects can be prevented with the bed shielding, which is total
and invariable during sleep. But even this, is not actually as simple as it
looks. In order for the bed shielding to be effective and - theoretically safe, again, the subjects must not be in touch with the metal grid either
directly or via any conductive material, meaning that e.g. the bed must
not be made from metal, otherwise, as explained above, the EMFs collected by the grid will pass to the subjects and increase exposure at contact locations instead of decreasing it. These are examples of why
shielding practices can be risky. In order for this suggestion to be deﬁnitely a safe shielding solution, veriﬁcation should also be undertaken
by long-tern animal experiments.
Certainly, short-term shielding of control animals for a few days is an
accepted methodology in bioelectromagnetic experiments (Balmori,
2010; Panagopoulos and Margaritis, 2010). This is different from living
in a shielded space for years or for life. The occurrence of internal
desynchronization will normally have no effect on health and wellbeing of the animals if it only lasts for a few days (Wever, 1979).
4.2. Shielding against EMF-emitting devices
Another recent phenomenon is a variety of products appeared on
the market called “health chips”, “EMF radiation protection chips”, “mobile phone shields”, etc., that supposedly reduce the adverse health effects of mobile phones by “reducing radiation levels” or “reducing the
gradients of the magnetic ﬁelds” or “smoothing the peaks”, or “alter
the radiation into a form that does not produce adverse health effects”,
or “transform and neutralize the harmful effects of EMFs by radiating a
protective ﬁeld when placed directly on devices”, etc. These are usually
in the form of patches that the users should stick on their mobile phones
and other electronic devices, supposedly protecting them from the radiation emitted by these devices. This does not seem to bear any scientiﬁc
explanation.
One cannot modify the radiation (frequency, waveform) once it has
been emitted by a device. One can only attenuate it (reduce its intensity). Modiﬁcation would only be possible by modifying the electronic
circuits within the devices. Even if that were the case with these products, which is not, once the emitted signal is modiﬁed or attenuated,
the device (mobile phone, etc.) would lose its ability to connect with
the network and communicate. If one simply attenuates the signal without modifying it, which is possible, the mobile phone again will have difﬁculty in establishing connection with the base antennas and
automatically will emit a stronger signal/radiation/EMF in order to be
able to connect/communicate (Panagopoulos, 2011). This is why it is
dangerous to put the mobile phone within any kind of metal box/
sheath/holster etc. in order to carry it on the clothes/body while it is
turned on. Any such product will attenuate the incoming signal, and
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thus it will attenuate the connectivity of the mobile phone. The less the
connectivity is, the stronger the emission of the device becomes in order
to be able to connect with the network.
Therefore, it hardly makes any sense that sticking a patch on a mobile phone or any other electronic device would have a protective effect
on the user. On the contrary, it may increase risk. As with metal patches
on the walls, metal patches on mobile phones and other EMF-emitting
devices may increase exposure due to “corner effects”, and interference
at unpredictable locations. Thus, they should be avoided.
Recently there was a single study reporting that the use of a chip on
mobile phone had a protective role on changes in human EEG induced
by the mobile phone without the chip (Henz et al., 2018). This study
does not show its results in numbers but only in pictures which are
not adequately explained. Moreover the study does not include any
EMF-measurements of the mobile phone emissions with and without
the chip, no scientiﬁc description how the chip works, and no attempt
to describe a mechanism of how the chip exerts a protective effect. A request for explanations sent by us to the company that produces the chip
as this was reported in this study, remained unanswered. More studies
must be performed that will address all the above unresolved issues,
before such products could ever be recommended for protection, especially in view of the apparent lack of any possible scientiﬁc explanation
for the reported protective effect.
5. Discussion and conclusions
In the present study we explained how metals, especially ferromagnetic ones, can insulate space from external EMFs/EMR by electromagnetic coupling which is an inherent property of metals for their
interaction with ambient EMFs. According to this property, we critically
analyzed the effectiveness and safety of metal shielding in the form of
grids, paints, garments, bed canopies, metal patches, “chips”, minerals
etc. offered in recent years by many private companies and individuals
as EMF-shielding solutions. We provided representative EMFshielding measurements, in order to give an estimation of how much
ELF and RF EMFs are reduced by a simple sparse grid made from galvanized iron.
We underscored the fact that all these products/practices are scientiﬁcally untested, especially for long-term use, as we realized the complete lack of peer-reviewed literature verifying their effectiveness and
safety. We also explained that long-term EMF-shielding, i.e. for years
or for life, is very different from the short-term use of Faraday cages
for experimental purposes.
We described how natural EMFs, especially atmospheric ones
known as Schumann resonances, play a decisive role in the biological
rhythmicity of all animals, and how disruption of this rhythmicity by attenuation of these natural EMFs is connected with health problems and
even increased cancer risk (Schumann, 1952; Wever, 1970, 1973, 1979;
Reinberg et al., 2007; Salgado-Delgado et al., 2011; Shanmugam et al.,
2013). In view of these facts, the unofﬁcially reported symptom relapses
in EHS patients following an initial retreat after house shielding, are not
surprising (Carlo, 2008).
Some supporters of metal shielding may argue that the applied
shielding methods described in the present study do not signiﬁcantly
reduce the Schumann resonances and terrestrial EMFs as they do with
higher man-made frequencies. We explained that man-made EMFs
are also in the ELF band (e.g. power line or railway EMFs) or necessarily
include ELFs along with the RFs. Even in the hypothetical case that some
speciﬁc and carefully applied metal shielding signiﬁcantly minimizes
man-made EMFs, while it only slightly reduces natural atmospheric
EMFs (which is not the case according to the presented measurements
and Eq. (1)), even a small decrease in these vital ﬁelds when applied
permanently likely constitutes a continuous weak stressor. Any weak
stressor applied for a few hours or days probably will not disturb the homeostasis of an organism. But it might very well be damaging when applied continuously for years. Thus, even a small decrease in the normal

intensities of the Schumann resonances - which are already very weak would result in a weaker stimulus for internal synchronization of living
organisms, with consequent higher energy consumption in order for
them to maintain synchronization. This slightly higher energy consumption by an organism could thus function as a continuous mild
stressor which after years may reasonably result in weakening its immune system.
We explained that permanent metal shielding should be avoided before sufﬁcient data from long-term experiments verifying its safety are
available. We also explained that metal shielding may theoretically
play some beneﬁcial role in alleviating health symptoms when applied
intermittently for a few hours per day (e.g. during sleep) on the condition that interference effects or contact with the body are prevented.
Long-term animal experiments with intermittent shielding should urgently be performed to ensure that internal desynchronization or
other adverse health effects do not occur.
The role of “Schumann” generators producing weak pulses with the
frequencies - especially the basic one of 7.8 Hz - and the waveform of
the atmospheric resonances should urgently and systematically be investigated by long-term animal experiments in combination with
shielding. Till then, our opinion is that, instead of even applying intermittent shielding, people should rather follow some easy practical
ways to minimize EMF-exposures, ﬁrst of all from their own devices,
in order to protect themselves.
Exposure to the near ﬁeld of any EMF-source (distance well within
one wavelength of the emitted radiation for antennas smaller than the
wavelength as with mobile and cordless phones or wi-ﬁ) is much
more intense (tens of times) and dangerous than exposure to the far
ﬁeld (Panagopoulos, 2011, 2017). The near-far ﬁeld limit for antennas
smaller than the wavelength is given by the equation r = λ/2π, (r the
distance of the near-far ﬁeld limit from the antenna, λ the wavelength
of the emitted radiation) (Panagopoulos and Margaritis, 2010). In mobile phones the near ﬁeld extends only ~2–5 cm from the device. Therefore most important is minimizing exposures from their own devices
close to the sources (distances smaller than 1 m). Practical ways for
this are: 1) Use strictly wire connections for internet, and domestic
phones. 2) Use mobile phones at the greatest possible distance from
the body by use of the loudspeaker or a wired headset with air-tube.
[If the wired headset does not have air-tube, use it only occasionally.]
Make only short and necessary calls, switch the phones off or put
them in airplane mode when carried on the body, keep them at the
greatest possible distance (at least several meters) during the day, and
switch them off during sleep (Panagopoulos, 2011).
In addition, people should avoid living close to any antennas, or high
voltage power lines, where studies ﬁnd that health problems become
statistically signiﬁcant (Santini et al., 2002; Hallberg and Johansson,
2002; Draper et al., 2005; Shahbazi-Gahrouei et al., 2014). If this is not
possible and shielding remains as the last solution, it should be restricted to a minimum with intermittent shielding as described.
Some may say that intermittent shielding may be inadequate to the
challenges we face. We suggest shielding during sleep as a theoretically
safer option than permanent space shielding or clothe shielding, as explained. This should be combined with prudent avoidance of exposures
during the rest of the day by the ways we described, allowing considerable protection.
Certainly there are many cases in which people cannot have any
control on the EMFs they are exposed to (especially in cases of antennas
or high voltage power lines within residential areas or in people using
the public transportation vehicles and exposed to EMFs from other
people's devices). But unfortunately, as we explained, metal shielding
does not seem to be the correct solution, except maybe for extreme
cases. Everybody can at least reduce signiﬁcantly the exposures from
their own devices by not exposing themselves close to them. For the
cases in which people have no control on the EMFs they are exposed
to, the scientiﬁc community must point out the problem, and the public
health authorities must set rules to protect public health.
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Any application/product (and especially those intended to protect
human health) must be tested by appropriate experiments conducted
by experts and published in peer review international scientiﬁc
journals. Any beneﬁcial result of such experiments should then be
given adequate scientiﬁc explanation in the publications. This is the
only valid scientiﬁc practice. People asked to buy any products/applications should insist on seeing scientiﬁc peer-reviewed publications with
biological/clinical experiments testing the speciﬁc product/application,
by qualiﬁed authors with long expertise and without any conﬂict of
interest.
Searching the peer-reviewed scientiﬁc literature, we realized the
alarming dearth of scientiﬁc evidence supporting the safety and efﬁcacy
of current protecting technologies and medical approaches, in spite of
the great number of products advertised in the market throughout the
world. In the present study, we pointed out some of the scientiﬁc dissonance around these technologies and approaches, with the goal of providing insights towards better protection strategies for the human/
animal population of the planet. Unfortunately, the only totally safe
practice we can currently undoubtedly recommend is reducing the exposures by an avoidance strategy as described above.
Since metal shielding has lately been massively suggested and applied as a protective solution against man-made EMFs without proper
scientiﬁc veriﬁcation, we feel it is high time that this practice is picked
up and examined in depth by the scientiﬁc community. We hope our
present paper will initiate scientiﬁc research on the long-term effects
of EMF-shielding, possibly in combination with the use of speciﬁcally
constructed Schumann generators. As scientists, we feel it is our duty
to discuss these issues of utmost importance for public health, elaborating as much as possible every aspect of them, and to not let people be
confused or misdirected in addition to the health problems they may
experience due to the increasing levels of man-made EMFs in the
environment.
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