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Man-made el ectromagnetic waves are the most widely and rapidly expanding exposure in today's world, including ex-
posure in several frequency groups: extremely low frequencies (ELF) from electricity lines, hybrid car batteries and high
power lines (>3 Hz-3 kHz), radiofrequency (RF) and microwave frequencies including millimeter waves (3 kHz-300 GHz)
from mobile phones, towers, base stations and wireless devices, and intermediate frequencies "Dirty Electricity" emitted
from power lines.

While such organizations as ICNIRP (the International Commission on Non-lonizing Radiation Protection) still con-
tinue to claim that electromagnetic radiation can cause "only thermal effects’, clinging to theory that does not match facts
and upholding obsolete thermal safety standards, extensive scientific evidence has clearly demonstrated that non-thermal
health effects produced by electromagnetic radiation do exist, are important to health, and should be taken into considera-
tion when safety standards are set. This review aims to highlight some evidence of biologic effects in various body systems,

and to suggest preventive measures to reduce such effects on health.

Exposure to electromagnetic radiation at intensities lower than thermal safety standards has been associated with non-
thermal biological effects including damage and changes to cells and DNA.

This review presents evidence of such effects demonstrated in: the hematologic system, the nervous system, the immune
system, the reproductive system, the skin and muscles, the cardiovascular system, glucose metabolism, and electrohypersen-
sitivity ("Microwave sickness'). Protective measures are then suggested to reduce these effects.
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safety standards.

Exposure to electromagnetic radiation at
intensities lower than thermal safety stan-
dards has been associated with non-thermal
biological effects [1-3] including damage to
cells and DNA and changes in them. This re-
view focuses on providing evidence of such
effects demonstrated in the hematologic,
nervous, immune and reproductive systems,
skin and muscles, cardiovascular system, glu-
cose metabolism, and electrohypersensitivity
(“microwave sickness”). Protective measures
are then suggested to reduce these effects.

DNA effects. Lai and Singh [4] demon-
strated an increase in DNA single and double-
strand breaks in brain cells of rats after two
hours of exposure to 60 Hz ELF, and effect
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that could be blocked with melatonin and
N-tert-butyl-a-phenylnitrone (PBN). Udroiu
et al. [5] found significant increases in micro-
nuclei in liver and peripheral blood samples
from newborn mice that had been exposed in-
utero to ELF, 50 Hz, 650 mT magnetic field.
Zothansiama et al. [6] found significantly
(p < 0.0001) higher frequency of micronuclei
in the peripheral blood lymphocytes of people
living within 80 meters from mobile base sta-
tions, compared to those living 300 meters
away from the RF radiation source.
Hematologic system. Workers occupa-
tionally exposed to microwave radiation had
hematological changes in peripheral blood in
correlation with time of exposure [7]. Signifi-
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cant changes were seen in concentration
and/or activity of glutathione (GSH), catalase
(CAT) and superoxide dismutase (SOD) and
rise in lipid peroxidation (LOO) in peripheral
blood lymphocytes of people living near cell-
phone base stations [6]. Lai [8] reviewed and
summarized multiple studies that showed
changes in levels of free radical activities
such as oxygen (ROS) / nitrogen (RNS) spe-
cies and endogenous antioxidant enzymes fol-
lowing exposure to EMF.

Nervous system. Kim et al. [9] discussed
many effects seen in the nervous system, in-
cluding neuronal cell apoptosis, changes in
nerve myelin and in ion channels. Sheppard et
al. [10] discussed the calcium-efflux effect in
chick brain tissue, in specific frequency and
amplitude windows of exposure to EMEF.
Eberhardt et al. [11] demonstrated effect pro-
duced by RF 900 MHz on rat blood brain bar-
rier permeability and neuronal damage. Car-
ruba et al. [12] demonstrated experimentally
that low-frequency pulse by mobile phones
triggered EEG evoked potentials in human
volunteers. Effects produced by ELF on neu-
rodegenerative diseases were shown by Be-
nassi et al. [13] regarding Parkinson's disease,
with significantly impaired redox homeostasis
and thiol content in SH-SYS5Y cells, and an
increase in protein carbonylation; and by
Bobkova et al. [14] with changes in spatial
memory and brain amyloid- in two animal
models of Alzheimer’s disease. A review by
Terzi et al. [15] summarizes additional neu-
rodegenerative effects. In children, ADHD
symptoms were associated with higher use of
cell phone [16]. Many health risks associated
with exposure to Wi-Fi [17] as well as neuro-
psychiatric effects produced by EMF expo-
sure are summarized by Pall [18].

Immune system. Szmigielski [19] con-
ducted a literature review and concluded that
“short-term exposure to weak RF radiation
may temporarily stimulate certain humoral or
cellular immune functions, while prolonged
irradiation inhibits the same functions”.
El-Gohary & Said [20] reported effects pro-
duced by mobile phone RF EMF on immu-
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noglobulin levels (IgA, IgE, IgM, and IgG);
and on total leukocyte, lymphocyte, eosino-
phil, basophil, neutrophil and monocyte
counts. Electrosmog effects on Vitamin-D re-
ceptor (VDR) and 1,25-dihydroxyvitamin-D
(1,25-D), which are associated with many
chronic inflammatory and autoimmune diseases
are discussed by Marshall and Heil [21]. Lush-
nikov et al. [22] showed that under multiple
repeated exposures, low-intensity extremely-
high-frequency electromagnetic  radiation
(frequency of 42.0 GHz and energy flux den-
sity of 0.15 mW/cm® for 20 minutes daily)
affected immunogenesis in mice. Belpomme
& Irigaray [23] many of the patients had low-
grade inflammation and an autoimmune respon-
se involving autoantibodies against O-myelin,
and in 80 % of the patients with Electro-
hypersensitivity, several oxidative stress bio-
markers were detected in peripheral blood.

Reproduction. Saygin et al. [24] reported
pathophysiological changes in the testes of rats
exposed to wireless frequencies (2.45 GHz)
for 3 hours per day. Schauer & Mohamad Al-
Ali [25] demonstrated that men who regularly
carried mobile phones in trouser pockets
showed higher percentage of pathologic mor-
phology of sperm and lower levels of luteiniz-
ing hormone.

Skin. Johansson [26, 27] was one of the
first to publish research papers about “screen
dermatitis”, an effect produced by EMF ex-
posure on the skin reporting an increase in
mast cells in facial skin samples of electro-
hypersensitive persons under long-term ex-
posure. Cardona-Herndndez et al. [28] re-
viewed some of the effects. Short-term skin
exposure induces only a transient alteration
of epidermal homoeostasis, but it may still
alter the protective capacity of the skin [29].
Esen & Esen [30] found lengthened latency
of facial & head skin resistance response by
approximately 200 ms following cell phone
exposure. Belpomme & Irigaray [23] dem-
onstrated cutaneous lesions, mostly on the
hands patients, and particularly on the hand
which held a mobile phone. Feldman et al. [31]
demonstrated that coiled sweat glands acted
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similarly to arrays of helical antennas, with a
resonating frequency in the THz range that
influenced RF-energy absorption of millimeter
and submillimeter waves into human skin.

Muscle. Blank [32] discussed changes in
biosynthetic patterns in muscle cells exposed
to EMF stimuli that were similar to changes
caused by other known stresses, such as heat
shock. McCarty et al. [33] demonstrated mus-
cle twitches in respond to changes (on/off) in
EMF exposure.

Cardiovascular system. Vangelova et al.
[34] assessed long-term effects of occupational
EMF exposure on the cardiovascular system
and found that the radiofrequency EMR expo-
sure was associated with greater risk of hyper-
tension and dyslipidemia. Another occupa-
tional study by Wilen et al. [35] compared RF
operators with unexposed workers and showed
that time integrated exposure parameters were
of some importance regarding symptoms such
as fatigue, headaches, and warmth sensations
in the hands, and that RF operators had lower
heart rate and more episodes of Bradycardia.

Rats exposed to high-power microwave
RF had lower heart rate than non- exposed
(30 mW/cm? for 15 min — this is a very high
exposure but the point is to demonstrate patho-
logical changes in the myocardium). Exposed
rats demonstrated histological and ultrastruc-
tural changes in the myocardium, with swollen
and irregularly arranged myocytes, and some
chromatin condensation with dark staining in
nuclei [36].

My colleagues and I demonstrated severe
and unique vascular calcification in the aortas
of rats exposed to intermediate frequencies of
150-155 kHz in an animal model of chronic
kidney disease. We thought that an irradiating
device could remove calcium from cardiac
valves, but the result was the opposite [37].
We repeated this study with ELF exposure to
50 Hz using cell phone chargers and found the
same results but the data were not published.
Two long-term RF exposure studies performed
at the Ramazzini Institute and by the US De-
partment of Health and Human Services Na-
tional Toxicology Program (NTP) found clear
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evidence of an association between long-term
low-intensity RF EMF exposure and tumors in
the hearts (and brains) of male rats [38, 39].

Glucose & metabolism. Meo & Al
Rubeaan [40] compared groups of rats ex-
posed to mobile phone radiation. The rats that
were exposed for longer than 15 min/day for a
3 months had higher fasting blood glucose
(p<0.015) and serum insulin (p < 0.01) com-
pared to unexposed and their insulin resis-
tance was significantly increased (p < 0.003)
compared to control rats. Ben Salah et al. [41]
exposed rats to Wi-Fi (2.4 GHz) and noted
an alternation in blood glucose level between
hypo- and hyperglycaemia during 21 days
that the rats were exposed to Wi-Fi, com-
pared to the unexposed group. The exposed
rats had an increase in plasma total proteins,
triglycerides, creatinine, ALAT, ASAT and
iron levels and decrease in plasma uric acid.

Electrohypersensitivity (EHS), formerly
known as “Microwave sickness”. Most of the
symptoms described by electrohypersensitive
patients are a consequence of neural damage
and over-sensitized neural responses [42].
Belpomme & Irigaray [43] showed an overlap
between Multiple Chemical Sensitivity and
Electrohypersensitivity in about 30 % of their
large database on over than 2,000 patients. The
patients’ typical symptoms were: “headache,
tinnitus, hyperacusis, dizziness, balance disor-
der, superficial and/or deep sensibility abnor-
malities, fibromyalgia, vegetative nerve dys-
function, and reduced cognitive capability, in-
cluding immediate memory loss, attention—
concentration deficiency, and eventually tempo-
spatial confusion. These symptoms were asso-
ciated with chronic insomnia, fatigue, and de-
pressive tendency, in addition to emotional
lability and sometimes irritability”.

In an extensive study performed on one
electrohypersensitive patient, McCarty et al. [33]
demonstrated that within 100 seconds after
initiation of EMF exposure (p < 0.05) the pa-
tient developed somatic responses to the expo-
sure, including neural symptoms: temporal pain,
headache; muscular symptoms: muscle twitch-
ing; and cardiovascular symptoms: skipped
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heartbeats. The symptoms appeared following
field transitions (off-on, on—off) rather than
induced by the mere presence of the field. The
patient was not able to consciously identify
when the electromagnetic field was turned on
or off.

Mechanistic studies. Many mechanistic
studies have described the non-thermal inter-
actions between electromagnetic fields and
biological tissues [43]. Blackman et al. [44]
presented the concept of multiple power-
density windows. Liboff [45] discussed reso-
nance effects. Panagopoulos et al. [46] sug-
gested that an external oscillating field vibrat-
ing freed ions on the surface of a cell plasma
membrane and irregularly gated electrosensi-
tive channels on the plasma membrane disrupt-
ing the cell's electrochemical balance and
function. Friedman et al. [47] proposed a
mechanism of short-term ERK activation by
RF frequencies. Giuliani et al. [48] researched
the “Zhadin current”, coherent excitations in
mesoscopic regions of ions and biomolecules,
that gave rise to electric currents and conse-
quent magnetic fields in a cell, and Zhadin
[49] analyzed Quantum mechanisms to further
explain these effects. Blank and Goodman [50]
demonstrated that DNA expressed two struc-
tural characteristics of a fractal antenna in an
electromagnetic field, electronic conduction
and self-symmetry.

Results. Based on the presented evidence
presented that health effects from exposure to
chronic exposure, low levels of EMF exist, the
following Preventive & Protective Measures
are adapted from Recommendations published
by international scientist groups; medical or-
ganizations; environmental protection and self-
help activist groups. Many of these groups
have called for lowering allowed EMF expo-
sure levels and halting plans to expand expo-
sure with 5G networks [51-63].

An increase in distance and use reduc-
tion are important factors to reduce exposure
and consequent health risks. Proximity is the

most important factor in exposure. Radiation
levels fall dramatically with distance from
the source.

A. The public realm. Figure 1 presents
a comparison between allowed exposure lim-
its to RF radiation (including from cell tow-
ers) in various countries. Reduction of expo-
sure from cell phone towers / antennas is
technically possible and is carried out in
some countries better than in others. Keeping
long distance from kindergartens and schools
is extremely important, since children are a
more susceptible population to any environ-
mental exposure; and distancing antennas
from bedrooms, to avoid unnecessary and
harmful exposure during sleep.

Outdoor Pulsed RF Radiation Exposure Limits
Country Comparison (uW/cm2)
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Figure 1. Country comparison. Outdoor Pulsed RF
EMEF exposure limits, uW/cm® '

Wireless utility meters and wireless de-
vices in the public realm, while perhaps emit-
ting low mean intensity levels of EMF, emit
biologically important pulsed exposure that is
more harmful, even at low measured intensi-
ties. Furthermore, EMF intensity measure-
ments are often incorrect if performed using

! Copyright Environmental Health Trust; reproduced with permission.
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Figure 2. Ways to reduce Cellphone radiation from
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a measurement device that does not have the
adequate measurement speed [64].

Avoid use of Wi-Fi at school — always
prefer safer wired technology that does not
emit RF EMF.

B. Exposure from personal devices. The
most extensive and problematic exposure
comes from use of personal devices since they
are closer to a body. Devices that emit pulsed
waves are especially harmful even if the expo-
sure intensity is not high. Figures 2—5 present
exposure reduction strategies developed by the
Environmental Health Trust and presented
here with permission.

Recommendations on preventing health
symptoms from EMF exposure. Distance
wireless devices from your body:

e Avoid carrying cell phone on your
body at all times. Reproductive organs, espe-
cially in pregnancy; the nervous system; and
cardiovascular system are sensitive.

e When talking or texting, position the
cell phone away from your body as far as pos-
sible, use speaker or an “air tube” wired head-
set (not Bluetooth).

e Avoid placing cordless home phones
near you, especially when sleeping.

¢ Do not place a laptop or tablet device on
your lap since these devices emit Radio Fre-
quency radiation (RF EMF) like cell phones; it
is especially important during pregnancy.

¢ Do not place a powered cell phone near
you while you sleep.

e Do not charge a cell phone near your
body.

Reduce use of emitting wireless devices
in your home:

e Prefer use of corded home phones that
do not emit RF radiation for most calls.

e Connect the internet router via Ethernet
cables and turn off Wi-Fi.

e Use wired keyboard, mouse, etc.

e Turn Wi-Fi off when not in use (router
and devices), especially at night.

e Turn off printers’ Wi-Fi feature since

printers continuously emit very high levels
of RFR.
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Minimize exposure:

e Minimize time of phone use. Prefer
texting to long phone conversations.

e Reduce use of streamed media on the
cell phone; whenever possible download the
content and then access it on “airplane mode”,
with Wi-Fi and other modes (Bluetooth etc.)
switched off, to reduce your exposure while
handling the device.

e Children should only use cell phones
for emergencies since cell phone radiation
penetrates deeper into their brains.

e Avoid using cell phone inside spaces
that are surrounded by metal, when the signal
is weak, or when moving at high speed, for
example in vehicles or elevators. The cell
phone emits higher radiation because in such
places it makes a greater effort to connect to
the antenna, or to connect to changing distant
antennas (when moving).

e Avoid charging laptops while in use.
When charging, use a 3-pronged grounded
cable [65].

Importance of this review. Health haz-
ards caused by EMF exposure have not been
adequately addressed by national and interna-
tional organizations such as the World Health
Organization [66—71]. It is necessary to reduce
exposures to all frequencies of EMFs, accord-
ing to the Precautionary Principle. Cellphone
networks should be planned to emit reduced
exposures — but global plans are only to ex-
pand exposure, on land and in space [70].
A recent study analyzed the expected exposure
effects of planned G5 antenna density [72].
Calculating from known power consumption
modeling, Ben Ishai [73] suggests that G5
networks would emit a 6-fold increased ambi-
ent radiation compared to current networks,
and would require a thousand times as much
electricity to power the networks.
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