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INTRODUCTION

Human health aspects and
biological effects of radio frequency
(RF) and microwave radiation have
been in the focus of research efforts
in the last decade. An understanding
of the interaction mechanism
between such radiation and living
systems is essential in interpreting
experimental results and assessing
potential health hazards.
Microwaves are a form of
electromagnetic energy, like light
waves or radio waves, and occupy a
part of the electromagnetic
spectrum of power, or energy.
Microwaves are very short waves of
electromagnetic energy that travel at
the speed of light. Microwaves are
part of the electromagnetic
spectrum ranging in frequency from
300 million cycles per second
(300 MHz) to 300 billion cycles per
second (300 GHz), which
correspond to a wavelength range of
1 m down to 1 mm. There are a
variety of ways in which a
microwave field can affect a
biological system. In this review
paper, the various health aspects of
microwave radiation are discussed.

FUNDAMENTALS OF
MICROWAVE OVEN

Every microwave oven contains a
magnetron, a tube in which
electrons are affected by magnetic
and electric fields in such a way as to
produce micro wavelength
radiation at about 2450 MHz or
2.45 GHz. This microwave radiation
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interacts with the molecules in
foods. All wave energy changes
polarity from positive to negative
with each cycle of the wave. In
microwaves, these polarity changes
happen millions of times every
second. Food molecules, especially
the molecules of water, have a
positive and negative end in the
same way a magnet hasanorthand a
south polarity. In commercial
models, the oven has a power input
of about 1000 watts of alternating
current. As these microwaves
generated from the magnetron
bombard the food, they cause the
polar molecules to rotate at the same
frequency millions of times a second.
All this agitation creates molecular
friction, which heats up the food.
The friction also causes substantial
damage to the surrounding
molecules, often tearing them apart
or forcefully deforming them. The
scientific name for this deformation
is ‘structural isomerism.’

By comparison, microwaves from
the sun are based on principles of
pulsed direct current (dc) that do not
create frictional heat; microwave
ovens use alternating current (ac)
creating frictional heat. A
microwave oven produces a spiked
wavelength of energy with all the
power going into only one narrow
frequency of the energy spectrum.
Energy from the sun operates in a
wide frequency spectrum. Over 90%
of American homes have microwave
ovens used for meal preparation. In
general, people believe that

whatever a microwave oven does to
foods cooked in it does not have any
negative effect on either the food or
their bodies. No FDA or government
studies have proven current
microwaving usage to be harmful.
However, the validity of studies can
be, and are sometimes deliberately,
limiting. Many of these studies are
later proven to be inaccurate. It is
very obvious that this form of
microwave radiation ‘heating’ does
something to the substances it heats.
It is also becoming quite apparent
that people who process food in a
microwave oven are also ingesting
these ‘unknowns’. Because the body
is electrochemical in nature, any
force that disrupts or changes
human electrochemical events will
affect the physiology of the body.

SCIENTIFIC EVIDENCE AND
FACTS OF THERMIC EFFECTS

A basic hypothesis of natural
medicine states that the introduction
into the human body of molecules
and energies, to which it is not
accustomed, is much more likely to
cause harm than good. Microwaved
food contains both molecules and
energies not present in food cooked
in the way humans have been
cooking food since the discovery of
fire. Artificially produced
microwaves, including those in
ovens, are produced from
alternating current and force a
billion or more polarity reversals per
second in every food molecule they
hit.

Denaturation of unnatural
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molecules is inevitable. Naturally
occurring amino acids have been
observed to undergo isomeric
changes (changes in shape
morphing) as well as transformation
into toxic forms, under the impact of
microwaves produced in ovens.

MICROWAVES UNSAFE FOR
BABY MILK

Dr Lita Lee of Hawaii reported on
December 9, 1989 that microwaving
baby formulas converted certain
trans-amino acids into their
synthetic isomers. Synthetic
isomers, whether cis-amino acids or
trans-fatty acids, are not biologically
active. Further, one of the amino
acids, L-proline, is being converted
toits D-isomer, which is known to be
neurotoxic (poisonous to the
nervous system) and nephrotoxic
(poisonous to the kidneys). It is bad
enough that many babies are not
nursed, but now they are given fake
milk (baby formula) made even
more toxic by microwaving.

MICRO WAVED BLOOD KILLS
PATIENT

In 1991, there was a lawsuit in
Oklahoma concerning the hospital
use of a microwave oven to warm
blood needed in a transfusion. The
case involved a hip surgery patient
who died from a simple blood
transfusion. It seems the nurse had
warmed the blood in a microwave
oven. This tragedy makes it very
apparent that there is much more to
‘heating’ with microwaves than it
has have been led to believe. Blood
for transfusions is routinely
warmed, but not in microwave
ovens. In the above case, the
microwaving altered the blood and
it killed the patient. One short-term
study found significant and
disturbing changes in the blood of
individuals consuming micro
waved milk and vegetables. Eight
volunteers consumed various
combinations of the same foods
cooked in different ways. All foods

that were processed through the
microwave ovens caused changes in
the blood of the wvolunteers.
Hemoglobin levels decreased and
overall white cell levels and
cholesterol levels increased.
Lymphocytes decreased.
Technically produced microwaves
are based on the principle of
alternating current. Atoms,
molecules, and cells hit by this hard
electromagnetic radiation are forced
toreverse polarity 1-100 billion times
a second. There are no atoms,
molecules or cells of any organic
system able to withstand such a
violent, destructive power for any
extended period of time, of all the
natural substances - which are polar -
the oxygen of water molecules reacts
most sensitively. This is how
microwave cooking heat is
generated - friction from this
violence in water molecules.
Structures of molecules are torn
apart, molecules are forcefully
deformed, called structural
isomerism, and thus become
impaired in quality. This is contrary
to conventional heating of food
where heat transfers is convectional
from without to within. Cooking by
microwaves begins within the cells
and molecules where water is
present and where the energy is
transformed into frictional heat.

ATHERMIC EFFECTS

In addition to the violent frictional
heat effects, called thermic effects,
there are also athermic effects which
have hardly ever been taken into
account. These athermic effects are
not presently measurable, but they
can also deform the structures of
molecules and have qualitative
consequences. For example, the
weakening of cell membranes by
microwaves is used in the field of
gene altering technology. Because of
the force involved, the cells are
actually broken, thereby
neutralizing the electrical potentials,
the very life of the cells, between the

outer and inner side of the cell
membranes. Impaired cells become
easy prey for viruses, fungi and
other microorganisms. The natural
repair mechanisms are suppressed
and cellsare forced to adapt to a state
of energy emergency - they switch
from aerobic to anaerobic
respiration. Instead of water and
carbon dioxide, the cell poisons,
hydrogen peroxide and carbon
monoxide are produced. This
radiation results in the destruction
and deformation of food molecules.
Microwaving also creates new
compounds, called radiolytic
compounds, which are not found in
nature.

MICROWAVE SICKNESS

The Russians did research on
thousands of workers who had been
exposed to microwaves during the
development of radar in the 1950's.
Their research showed health
problems so serious that the
Russians set strict limits of 10
microwatts exposure for workers
and one microwatt for civilians.

Microwaving prepared meats
caused formation of D-
Nitrosodienthanolamines, a well-
known carcinogen. Microwaving
milk and cereal grains converted
some of their amino acids into
carcinogens. Thawing frozen fruits
converted their glucoside and
galactoside containing fractions into
carcinogenic substances. Extremely
short exposure of raw, cooked or
frozen vegetables converted their
plant alkaloids into carcinogens.
Carcinogenic free radicals were
formed in microwaved plants,
especially root vegetables.

DECREASES IN NUTRITIONAL
VALUE

Russian researchers also reported a
marked acceleration of structural
degradation leading to a decreased
food value of 60% to 90% in all foods
tested. Among the changes observed
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were: Decreased bio-availability of
vitamin B complex, vitamin C,
vitamin E, essential minerals and
lipotropic factors in all food tested.
Various kinds of damage to many
plant substances, such as alkaloids,
glucosides, galactosides and
nitrilosides are also observed.

BIO-EFFECTS OF MICROWAVE

The nonionising electromagnetic
radiation is absorbed at molecular
level and manifests as changes in
vibration energy of the molecules or
heat. Identifying and evaluating the
biological effects of microwaves
have been complex and
controversial. Because of the paucity
of information on the mechanism of
interaction between microwave and
biological systems, there has been a
persistent view in physical and
engineering sciences, that
microwave fields are incapable of
inducing bio-effects other than by
heating. Of late, the non-thermal
effects of microwaves on tissue
responses are being documented.
The present article is an attempt to
familiarize the reader with pertinent
information regarding the effects,
mainly athermal, of microwave
irradiation on biologic systems,
especially microorganisms.

GENERAL HEALTHEFFECTS

Cellular-phone use did not
significantly affect serum prostate
specific antigen levels in men . In
another study, television station
workers, presumed to be exposed to
RFE, exhibited lower overall
mortality rates . Degrave, et al (2005)
found that the all-cause mortality
rate was significantly lower in
military conscripts who served in
battalions with anti-aircraft radars
versus controls (age-standardized
mortality ratio 0.80; 95% C10.750.85).
Interpretation is difficult since no
specific causes of death were
reported. No data could be collected
regarding actual exposure levels.

Chia, et al reported an adjusted

prevalence rate ratio of 1.31 (95% ClI
1.001.70) for headaches in cell-phone
users compared with non-cell-
phone users.

EFFECTS ON
CARDIOVASCULAR SYSTEM

Vangelova, et al reported increases
in blood pressure and blood levels of
cholesterol in broadcast- and
television-station operators,
compared with radio-relay station
operators (presumed to have low
RFE exposure). The authors,
however, noted that working
conditions such as ‘monotony and
extended shifts’ could have
influenced the results. Atlasz, et al
concluded that, on the basis of their
study of heart rate variability, RFE
from cell phones do not cause
noticeable effects on heart rate
regulation in healthy males and
females.

Haarala, et al reported a somewhat
increased (though not significantly)
cerebral blood flow (measured by
positron emmision tomography
scanning) during digital cell-phone
exposures. The authors surmised
that the phenomenon resulted from
an auditory signal produced by the
phone battery. Huber, et al found a
statistically significant increase in
cerebral blood flow, specifically in
the prefrontal cortex, during
exposure to ‘handset-like’ cell-
phone RFE, but not to ‘base-station-
like’ RFE. They attributed the
change to stronger low-frequency
components (below the RFE
spectrum). Aalto, et al reported
changes in regional cerebral blood
flow due to mobile phone exposure.
Blood flow was decreased in the
posterior inferior temporal cortex
(close to the position of the antenna),
but increased in the superior and
medial frontal gyri. Tikhonova, et al
reported higher risks for
hypertension and coronary artery
disease in workers ‘running
radiotechnic and communication

equipment.” Common problems in
these types of studies are the
healthy-worker effect and other
effects due to socio-economic

factors, medical support, and
lifestyle.
Pak  reported that workers

exposed to RFE showed ‘peripheral
blood changes: cytopenia,
hemoglobin decrease, lower red
blood cell (RBC) and white blood cell
(WBC) counts, increased RBC with
basophilic granularity, WBC
metabolism alteration (higher acid
phosphatase and myeloperoxidase
activity), disordered lymphocytes
subunits (T-helpers, T-suppressors)
ratioand T- and B-cells numbers.’

EFFECTS ON MALE
REPRODUCTIVE SYSTEM

Jung and Schill noted that
electromagnetic fields (including
RFE) could impair spermatogenesis
by heat induction in the testicles, but
only with excessive exposure.
Decreased spermatogenesis may, in
some cases, be considered less
serious than abnormal quality of
sperm (including morphology and
motility)

Fejes,etal reported that cell-phone
use was negatively correlated with
the proportion of rapid progressive
motile sperm. In another study,
however, of men ‘with a history of
exposure to computers,’ there were
no significant differences in sperm
density, sperm viability, percentage
of normally formed sperm,
percentage of progressive sperm,
and semen volume (Sun, et al
Kilgallon and Simmons found that
‘men who carried their mobile
phone in their hip pocket or on their
belt had lower sperm motility than
men who did not carry a mobile
phone or who carried their mobile
phone elsewhere on the body.’

EFFECTS ON IMMUNE SYSTEM

Dmoch and Moszczynski  reported
an increase in immunoglobulin (1g)
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G and IgA concentrations, increased
lymphocytes, and lower T-
helper/T-suppressor ratios in
‘workers of television re-
transmission and satellite
communication centers.” Tuschl, et
al  reported significantly higher
numbers of natural killer cells
(subset of lymphocytes) in workers
using induction heaters (most of
which included frequencies in the
very low-frequency (VLF) range of
330 kHz), compared with controls.
Kimata reported enhanced skin
wheal responses and allergen-
specific IgE production due to cell-
phone RFE exposure in patients with
atopic eczema/dermatitis
syndrome, but not in normal
subjects.

EFFECTS ON ENDOCRINE
SYSTEM

In a study by Dapdad, et al
technicians at radio-broadcasting,
radio-link, or television-transmitter
stations exhibited higher blood
levels of triiodothyronine,
tetraiodothyronine, and thyroid
stimulating hormone.

Vangelova et al. (2002), reported the
changes in the circadian rhythm of
11-oxycorticosteroids and increased
variability of catecholamine
secretion were seen in satellite-
station operators (presumably
exposed to low-level RFE).

EFFECTS ON SKIN

Monfrecola, ef al presented a case
report of a man with exposure to
10 GHz RFE. The authors noted,
however, that the amount of
exposure was difficult to determine.
They referred to the exposure as
being ‘well below the permissible
exposure level.” A mild erythema
and a mild burning sensation on the
skin were reported; they
disappeared within 1 and 3 months
after exposure, respectively.
Strobos, et al reported a case of
dermatitis ‘caused by’ RFE. The

patient, however, had an implanted
neurostimulator; the reaction
appeared to be related to electrical
current being passed through the
skin during transcutaneous nerve
stimulation. Although Morris, et al
described a case of dermatitis
‘caused by electromagnetic
radiation,” the case was associated
with direct contact with electrical
current.

EFFECTS ON HEARING

Meric, et al reported a higher
incidence of hearing loss in 31
workers and family members living
in quarters at a radio-broadcasting
station than in 30 controls. This effect
was presumed to be due to a
microwave auditory phenomenon.

Kellényi, et al reported that cell-
phone exposure resulted in a 20 dB
hearing deficit in the 210 kHz range.
The authors assumed that the effect
was due to (a) local heating, (b) ionic
membrane shifts, and (c) acute
biochemical changes.

EFFECTS ON CHROMOSOME

Lalic, et al reported a higher
frequency of chromatid breaks and
acentric and dicentric fragments in
peripheral blood lymphocytes of
individuals working at radio-relay
stations (presumed to be exposed to
high levels of RFE) than in controls.

Estecio and Silva reported
significantly higher frequencies of
anomalous metaphases in blood
lymphocytes from persons
presumably exposed to RFE

SIDE EFFECTS FROM RADIO-
FREQUENCY ENERGY

Occupational or residential
exposures to radiofrequency energy
(RFE), including microwaves, have
been alleged to result in health
problems. Recent medical and
scientific literature (from mid-1998
through 2002) dealing with possible
effects of RFE on brain tumors and
malignancies, leukemia, other

cancers, and the central nervous
system. A large number of studies
were related to exposures from
cellular telephones.

EFFECTS OF AMPLITUDE-
MODULATED RADIO
FREQUENCY RADIATION

Users of mobile telephones are
exposed to radiofrequency
radiation. Several studies have
reported findings consistent with
effects on the nervous system and
cancer-related biological processes.
The results available today fail to
support the existence of well-
defined modulation-specific bio-
effects from exposure to
radiofrequency radiation.
Additional systematic studies are
needed to identify possible
reproducible modulation-
dependent effects and biologically
active modulation parameters.

RADIO AND MICROWAVE
FREQUENCY RADIATION AND
HEALTH

An over view of present scientific
knowledge in health research on the
effects from radio and microwave
frequency radiation, at levels to
which the general population is
typically exposed in. Various studies
observed an increased risk for
tumours in the hematopoietic and
lymphatic tissue of people living in
the proximity of TV and radio
broadcast transmitters.

MORPHOLOGICAL CHANGES
IN CEREBELLUM OF
NEONATAL RATS EXPOSED TO
245 GHZ MICROWAYVES

One-day and six-day old Sprague-
Dawley rats were exposed in the far
field to 2.45 GHz (cw) microwaves at
10 mW/cm for five consecutive
days, 7 hours per day (SAR 2W/kg).
Pups were euthenized one day after
exposure and the cerebella
processed for light and electron
microscopy. Matching cerebellar
sections and folia from irradiated
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and sham irradiated animals were
examined. Light microscopic
examination revealed the presence
of small deeply-stained cells with
hyperchromatic pyknotic nuclei
within the external granular layer
(EGL). The number of these pyknotic
cells in the experimental animals
was nearly twice that in the controls.
The Nissl bodies in Purkinje cells
were finely dispersed. In some
experimental animals mononuclear
cellular infiltration was
demonstrated. Under the electron
microscope the deeply-stained
pyknotic small cells presented
electron dense nuclei with clumped
chromatin, extrusion or
disintegration of the nucleus,
ruptured nuclear membrane, and
the vacuolization of the cytoplasm.
Eventually these cells became
phagocytosed by surrounding EGL
cells. Most of the Purkinje cells of
experimental animals showed small,
disorderly arrays of rough
endoplasmic reticulum (RER)
instead of the typical orderly stacks
of parallel arrays. These
observations suggest that
microwave radiation may interfere
with early genesis of cerebellar
micro-neurons and alter the
metabolic status of Purkinje cells.

REVERSIBLE MICROWAVE
EFFECTS ON THE BLOOD-
BRAIN BARRIER

Low level microwave exposure of
Chinese hamsters resulted in
reversible permeability of the blood-
brain barrier (BBB) to horseradish
peroxidase (HRP). Lesions were
grossly visible in random areas of
the brain immediately following
exposure, but were not as common
following a 1 h recovery period and
were absent after a 2 h recovery
period. The apparent route of
increased permeability was through
endothelial vesicular transport,
since reaction product was not seen
passing through the endothelial

tight junctions. In addition,
endothelial flooding of HRP,
platelet aggregation and peri-
vascular edema were observed only
in experimental animals

INTRAUTERINE EFFECTS IN
ANIMALS EXPOSED TO
RADIOFREQUENCY AND
MICROWAVE FIELDS

Many other RF effects could be
studied, but questions regarding
teratogenic effects constitute one of
the only areas in RF research that has
been answered; namely, that RF
exposure that have been studied
present no teratogenic risk from
exposures that do not exceed
maximum permissible guidelines
that are far below experimental
teratogenic exposures to RF that
have been reported.

BEHAVIORAL AND
COGNITIVE EFFECTS OF
MICROWAVE EXPOSURE

It has been pointed out by several
sources that exposure to RF
radiation can lead to changes in the
behavior of humans and laboratory
animals that can range from the
perceptions of warmth and sound to
lethal body temperatures. The
phenomenon of behavioral
disruption by microwave exposure,
an operationally defined rate
decrease (or rate increase), has
served as the basis for human
exposure guidelines since the early
1980s and still appears to be a very
sensitive RF bio-effect. Nearly all
evidence relates this phenomenonto
the generation of heat in the tissues
and reinforces the conclusion that
behavioral changes observed in RF
exposed animals are thermally
mediated. Such behavioral
alteration has been demonstrated in
a variety of animal species and
under several different conditions of
RF exposure. Thermally based
effects can clearly be hazardous to
the organism and continue to be the
best predictor of hazard for

homosapiens.

ELECTROMAGNETICFIELDS
HUMAN SAFETY ISSUES

Most of the recently revised safety
standards worldwide are set in
terms of internal rates of
electromagnetic energy deposition
(specific absorption rates or SAR) at
radio frequencies (RF) and
microwave frequencies, and of
induced electric fields or current
densities at lower frequencies up to
10 MHz. Numerical methods have
been developed that use millimeter
resolution anatomically based
models of the human body to
determine SAR or the induced
electric fields and current densities
for real-life EM exposure conditions.
A popular method for use at RF and
microwave frequencies is the finite-
difference time-domain method.
This method is described and
illustrated for SAR distributions due
to cellular telephones for head
models based on human anatomy. A
method often used for calculations
of induced electric fields and current
densities at low frequencies is the
impedance method. Use of this
method is illustrated by an example
of electronic article surveillance
(EAS) system for anatomic models of
an adult and 10-year-old and 5-year-
old children. Experimental
phantoms using a fluid to simulate
the dielectric properties of the brain
may be used for determination of
peak 1g or 10g SAR needed for
compliance with the various safety
standards.
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