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BICLOGICAL EFFECTS OF HIGH-FREQUENCY ELECTROMAGNETIC WAVES

Radlc waves are of Interest to physicista, chemists,
biclogists, and Goetors. They all are interested in find-
ing out whether electronagnetic waves cause- chemical arnd -
biolcglcal chanzes sinilar to those brought about by lonie
radiation, The rirst experimental work on the influence o?
high-frequency ¢lectromagnetic waves on organlce and inorganic
matter was donc at the end of the last century,

The number cf studies grew constantly until a first
" peak was reached between 1930 and 1940, * Lurdnz that time
. vaiuvablie studies were conducteud, especlally in pnysicai

.. chemistry and biology. Less interest wae focused on
.medical problems and the effects of high-frequency-wavés
on man, : : . . : ‘

] Werld Warli.interrupted this research, and at many
vlaces it wes forzotten or was re-disccvered only in the .
‘past rew years., This is particularly true cof the influence

- of high-frequency waves on the ccllcida: systém,

. After 1945, attention was given almost exclusively te¢

- the influence of icnie radiation, l.e,, waves {x-ray, gamma
‘radiation) and ccrpuscular (alphe and beta] [5). Intcrest
in high-frequency elnctremagnetic waves has been reneweq
LRV tresenmtly, The interest devzleped yhen 15 vas reccrntzed
that animals and plants die in a high~Irequency field of a
certain minimuna effective density in the cm wyve band ani

' When workers at radar stations began to complein zbout -
certaln physicezl d1fficulties, Thus, the situaticn had
charged from that which had existed bafire the var, -

e grestest number of workors ervazes ir ‘nim sz th
are 1n the U35 ahd vne J3A, where there zre Srerlialised
fecllities for such investigaticns, In additicn to these
countries, Poland, Italy, and, lately, England shculd be
uentioned as places where studies are belng made of the
effects of high-freauency fleids on the blolegicel syster,
Cze¢hoclovalida =as ala~n Reen on increase in 2tudies con-
cerned with this subject, The Institute of Industrial
Hyglene 2nq Ocrupational Uiseases houses & speczial high-
frequency department which since early 195: has dealt exclu-
sively with questione. relating to the influerce of eleatic~
magnetic waves on living matter and especlally with the pro-
tection of men from these waves, » R

e

Althouzh there have heen regular interisticnal soaler .
€nces on Lhie¢ bubjuct, the exchiarge of intormat!on ar.d the .
publication cf results hag bheen limited. The resson ror this 3
ciear from one fact, 1In the Unitea State:, the research on .

the influence of high-frequency wsves, especially microwaves,
has been carsried out on a broad scale since 1957, and this

has been done under the auspices of the Department of
Defense and coordinated with the medical research laboratory
created as a part of the experimental rocket base at Cape

Canaveral, Therefore, one cannot expe 1 _results
would be published in detail. It 18 also understandable that

iInrsriation on new results from other countries would be

equally hard to come by, In spite of this, about one thousand-
atudies have bfg? published on this subject up to the present

‘time [1963].

The following is a short discussion of the influence
of high-frequency electromagnetic waves on llving matter,
especlally in the field of microwaves, (For greater detail,
see references 5, 7-10, 12-1y, 17, 19, 21, 28, 29), : .

; The first question deals with the penetration of high- -
frequency energy into the organism, - Let us observe the
behavior of .the bedy in the electromagnetic field, 1t should
be stated that the body, by its very presence, changes the
fleld, because the electrical properties of the body are - -
considerably different from the properties of the air in

" which the waves spread, This is partlicularly trude of elec-

trical constants. The magnetic permeability is the same for

the body as it 18 for the air, -

» Uhen.the électromagnetic wave hits the surface of the
body, it means a transition from one medium to another [10].,

-At the transition boundary, part of the energy 1s reflected,
. The rest penetrates the tissue, changing speed; if it enters

at an angle it also changes direction. As it penetrates the
tissue, high-frequency energy 1s absorbed under the influence
of dielectric losses, and 1s transformed into heat. The
amount of high-frequency energy which 1s absorbed depends on
the kind and size of the tissue and on the environment, .

Fig. 1 shows the dependence of high-frequency absorption
on frequency in the case of a human subjeet, The figure
shows three layers: skin, fat, and muscle, This presentation
18 very appropriate in the area of microwaves, because there
we can disregard the influence of ‘bone on the absorption
properties of the body, and the blood system in the skin can
be substituted by changing the thickness, Thus, we can
visualize the influence of some parameters on absorption,
This dependence has the character of dampened oscillations,
According to our calculations, however, the location and
absolute maximum value or minimum value depend on the so-
called constitutional parameters; the example shown in Fig,., 1
represents the absorption in the body, which ean be visualized
as three layers, with an equivalent thickness for the skin
{(0.35 em), the fat (1.14 em), and a semi-infinite layer of

muscles, In this system the firat highest maximum p
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absorption is at 9C0 MHz, the seccnd around 9000 MHz. .
Minimum absorpticn i1s arcund 3000 !NHz, With the change of
frequency the percentsge ol abscrbed enerpy changes, as does’
its percentile distribution in single tissues, especially

in the skin and muscles, . - )

A direct result of high-rreqﬁehcy energy absorption in -

tissue 1s an increpz+e 2p temperature, This correlates with
the electrical prcpertiens cf the tissue, especially its

* eonductivity and dieclectric ccnstant, and naturally is also .

connected with thermal conductivity. Apart from this, the
thermc-regulating system of the organica also plays an

important roie; wnicn explalas tihe fact that tc a certain
degreec the thermal baiance cf the crganism is stabilized

regardiess of the intencity ol the field.  The body tempera-’

ture first rises and .then, as a r2sult of increased flow of

blood, it sinits, as 1s cnown in FPlg. 2 [E]l.

In additicn to high-‘requency enerzy atssrption, the
possibility for elceeirsmzgnetice incduction of the dbody also
exists, There are electrical transmicssion lines in the
organism, especially the nerve system and the blood circula-
tion., In the presence cf an alternating electromagnetic
field, induced cencion resuwits, vhich, howsvorn, 18 distri-
buted through these :otems8 intc the organisi, Losses are
small, and thus high-irequency reaches areas which had -
recelved only very weak doszes throughn prirary absorption,

_This means for the entry of high frequency into the organism
g .

can be extremely slgrificant, ecpezlally in damaging the
central nervous system and the blcod vessels., In this
connection it is intcresting to cbserve £hat nerve fiber
changes its electrical resistance in a high-freguency fleld,

Low-intenaity electromagné;ic waves caute difficulties
which are primarily cf a neurciic nature {1ly). These include
headaches, pain in the eyes, tiredness and general weakness,

‘dizziness alter standing for a period cf time, Titful sleep

at night, sieeviness in the Jdaytinme, changing moods,

irritabilits, hypochondriacal attitudes, fear, depressions,

reduced intcllectual copacity, and reduced remery, With
longer expcsure, laziness and an inability to make decisions

result, Ccrniaints are veciced regarding sensaticns of ten-

sion in the skin, head, and :crohead, i1css of hair, muscle

~aches, and pain arcund the heari, Compizainis ¢f sexual

difficulties are not unccmncn, Such people experience slight
eyelld, tongue, and {inger tremnors accorpanied by increased

perspiration, During work in a higher field a marked reduc-.

tifon In blosi precsure (.38 bteenh shservas vwhich lead to
collapse,

As to any connecticn between & high-frequency fleld
and sexual function, it was found that no special changes
cccurred in the female organism, but that women in general
are more susceptible to such influence than men, Interrupted
menstrual periods and a reduction in th= milk supply of
nursing mcthers are a sign of damage. : : E

A few weeks after the end of exposure (sometimes several

"weeks or longer) the body returns to its fcrmer physiological

state and all subjective and objective difficulties vanish,
This is called regeneration and is proof of the reversibility
of the effects cf a high-frequency fleld.

On the other hand, the chronic influence of a high- . -
frequency field results in cumulative bilological effects,
which can be explained by the lowered resistance of the organ-
ism to outside influences, This effect was described in
detall in a study of damaged eyes subjected to repeated
radiation of sub-threshold intensitles., This was a case of

. the non-thermal effect of the high-frequency field.

It should be pointed out that the possibility of the
existence of the non-thermal effect of electromagnetic
waves 18 generally accepted today, and because substantial
experimental documentaticn exists, 1t can be consildered
proven. It has been demonstrated that non-thermal effects
also oceur with fields of greater intensity, where the rise
in temperature is the first reaction of the organism. Non-
thermal effects brought about changes 1in inter-neuron
ccnnections, the inactivation of certain viruses, and
changes in the growth and infection prcperties cf bacteria.
Undoubtedly the most important non-thermal effects are the
changes in the ccurse of the division of cells, especially of
chromosomes, Fig. 3 shcws the process, It depicts the -
dependence of the mitctic index cn the intensity of the fleld
at different radiaticn times [11]., Also, actual changes in
the shape of the chromosomes have been encountered. These
changes are directly connected with the development of the
individual and the changes in the properties of the descen-
dants.

In view of these and other effect 6f the electromagnetic
field [18, 25] it is natural that interest in these problems
13 increasing and that attention must be devoted to them

.'Lét us investigate the mechanism of the blolcgical effect

. of microwaves {10). When electromagnetic waves enter the
_organism they cause primarily the polarization of the mole-

cules which have a dipole,
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The ions, which are not electrically neutral, begin to move
under the influence of the field. Since the sign of the fileld

changes ccnstantly in the rhythm of the frequency, the - -

crientation of the dipcle and the direction of the ions alsc
. change, Many authors ascribe tc this oscillation of the ions
and dipoles a considerable part of the blological activity
of the high-frequency waves, Friction of the particles
results, energy ls absorbed and converted into heat, and the
organism's temperatu-e rises. The amount cf liberated heat
depends on the frequency and intensity of the field, because
the faster and mcre frequent the change of orientation of the
dipoles and ions, the larger the number of collisions [2]).
The heating, however, also depends on the dislectric censtant
of the medium, This can be different for varicus materials,
and therefore zcnes of higher temperature can be created,
Nonuniform absorption of high-frequency energy results in
nenuniform heating of various cells or of parts of them,
Thus, the coordination of the blochemical reaction might be
disturbed, the speed of which may change, depending on the
temperature cf the medium in which it occurs. Since under
normal conditions all these reactions take place under nearly
equal temperature, some researchers believe that this dis-
turbance of coordination may lead to the formation of certain
materials which are alien to the cells, thus leading to the .
possibility of blood poisoning during high-frequency irradia-
tion, The correctness of these considerations is ocpen tc .
question, At greater densities the liberated heat is so
great that damage to proteins may result. This is particular-
ly true cf tissue with few blood vessels, for example, the
eyes, Certaln prccesses are decided by enzymes, which are
thermo-labile, Therefcre, disturbances in the metabslisn
may be a direct result of heat Influences. This helps to
explain eye and nerve damage, anl as wse palnted out previously,
non~thermal phenomena also enter the picture [5],

© ' -It 1s known that electromagnetic waves bounce bazk from
the boundary surface of two media. If a homogeneous part
inside an organism has the proper dimensions, sc-called
"dead waves" may result at a certain frequency and may -
cause locally significant rises in temperature. Dimeneiocnal
resonance dominates the thermal effect and occurs mainly in
the microwave band, : : .

As was pcinted out previously, the organism can’
accomodate a certain amount of heat released in a specific
range, If, however, the output density and the time cf :

" radiation 18 greater than a certain eritical value, the therric-

regulation breaks down and the organism, or a part of it,
perishes., Therefore, we may say that in a field of greater
intensity the thermal phenomena are responsible for the
damage to the organism, The existence of non-thermal

.phenomena has also been proved. Although not much is ow!
about their crigin, it is certain thatu%he mechanism o?nth: '
non-thermal effects cf high-frequency waves is of a

physical nature, There are various interpretations for the
partlal effect of the high-frequency field, There 1s the
possibility of rescnance of Some organic molecules at a
certain frequency, At this resonance the load on the mole-
cules 1s at a maximum, and a change in their structure may
result, This possibility is under consideration in the case
of albumin, peptides, and amino acids (23). Recently, such
resonance. phenomena were observed in gamma globulin fl].

It will be difficult to interpret this discovery because it

phoretic homogeneity of the gamma globulin can occur at a

“.relatively low intensity. An even lower intensity 1is requiredv

for a considerable change of its antigen reactivity. We can

nerve cells, Simultaneously, a breakdown of the diffusing
process may take place by affecting the cell's permeability,
It seems certain that the biological effects of the alternate
field in the entire frequency band, from the lowest to the
highest, are caused by influences on the cellular substance,
Lately, certain considerations have come to the. foreground

‘regarding the orlentation and chaining of components of %he.

intracellular fluids, which have a collcidal character

{4, 24, 27), None of these speculations, however, completely
explains all of the observed blological effects of high-
frequency; on the contrary some are contradictory. ' No complex
theory for the mechanism of the effect of electromagnetic :
waves on the living organism has been available which

would satisfactorily explain all known phenomena. We have
tried to develop such a theory, and will present some of the

"main 1deas here,

When entering an organism, electromagnetic waves cause

heating of the tissue through dielectric loases and induction

of high-frequency voltage through the blood and nervous sys-
tem, In cell protein, they create an alternating field with

regard to their own charge. Such a field may result in chain~ .

ing and bunching of the protein, Similarly, the induced

dipoles may create amphoteric compounds, such as amino acids
and pseudo-macromol ecular compounds, Many parts of the

.organism have electrical characteristics which qualify them

“«-«b -



4

- a8 semiconductors, The asymmetrical nonlinear volt-ampere

- characteristice of those elements are mainly responsible for

. creating the distortion of the alternating signal and a dc
ecmponent, Thus, a change occurs in some of the electrical

- properties of the cell, especially in the electrical load. »
Many living cells, such as nerve cells, have a certain load
characteristic for thelr function, It is important to :
remember that certain molecules with dipoles are present in
the cell fluid whose bilological characteristics, such as
osclllation and position, depend on the electrical character- )
istics of the environment, As the charge of the cell changes,
the normal physiclogical state of the cell also charges, If
it 18 a controlling cell, e.g., a nerve cell, other parts

of the organism are also secondarily affected, The higher )
the field intensity and the higher the amplitude of the induced
. voltage, the more intensive the respcnse of variocus parts cf
the bedy. The result 1s altered cellular balance and subse-
quent readjustment. V/hen a certain limit 18 reached, an
irreversible ccllapse occurs in the case of the whole organism

Tor parts of 1t, If the 1imit is rnot reached, the electric;;

and physical characteristics of the cell return to ncrmal :
vhen the high-frequency field is withdrawn, leaving no marked
effects [20?. “These changes cannot be sudden, and are nct
equal in every.perscn, It will depend on the type of high-
frequency signal, the amplitude, and the character of the
electromagnetic field. It also was found that the simultane-
ous acticn ¢ high-frequency and x-ray radiation can cause
greater harm to the organism than che or the other can alone,
‘While the effects of the high-frequency waves cn the organ-
ism are to a certain degree reversible, repeated exposure, :
even of small intensity, increases the organism's sensitivity.

. Polyfrequent radiation is biologically more effective than
monofrequent radiation,

From what has been said so far, it follows that we
have to consider the high-frequency field under certain
circumstances as a bilologically active part of the environe
meng which can have an unfavorable effect on the organism
[22]. . . -

Equipment which produces high-frequency energy 1s being
used. in increasing amounts and soon there won't be a field in
human activity where high-frequeney generators will nct be

- used, A classical example 1s its use in telecommunications.’
Its use 18 varied, and high-frequency heat i1s used, for :
example, in the production of pure germanium and in semi-
conductor technslogy, etc., Because of the hazards tc the
workers, it was necessary to establish a maximum permissible
field intensity [16]. Because there are thermal and non-
-thermal effects, different values for the maximum permissible
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intensity were established, depending on the eriteria used,

In the USA there 1s still indecision regarding these values,
As the basis the thermal effect of electromagnetic waves was
established, and as this is more pronounced at very high
frequencies, directives were worked out only for microwaves,
It was established that for heating of the body a maximum -
output density of 10 mW/cm2 can be endured, and therefore

this was accepted as the maximum permissible intensity.

Some called this amount the "tolerance value,” and as the
maximum permi=sible intensity 1 mW/cm2 was proposed. This

was accepted by the General Electrie Co. and was also used at
the Bell Telephone Laboratories, However, a blological effect
can be expected at 0.1 mW/cm2, which is the third value used
in the USA. At this output density, we already consider long~
time repeated irradiation with the participation of non-
thermal effects. And this 1s the only correct point of view,
This was also adopted in the USSR and theg also selected the
safety factor 10, thus obtaining 10 W/cm?2 as the maximum
permissible field intensity for the whole working day in the
e¢m wave band, The same value was also adopted in Czecho-
slovakia for pulse operation. For permanent operation a
maximum output density of 25 W/em2 was suggested, . Because
the biological effects are dependent not only on the intensity
of the field, but are a function of intensity and time, 1t ’
was pcssible to permit great output density for shorter
exposure, ;g_gzechOSIO”ggga_gggg_guestigg_naa_:esnlued_hy'
intrcducing a miilﬁﬁﬁ_igéggicient wnich states that the

L

- product or—the time (in hours) multiplied hy the output

\fﬁsity in™W/cm2 must_not-be-above 200, This is shown in
Mg, 5. . —

The quoted values are for micrcwaves, which 1s the area
of frequencies above 300 MHz. ‘

As far as we know today, however, 1t must be said that
the bioclogical efficiency of electromagnetic waves has no
frequency dependence which can be generally expressed, The
biological effect 1s always forthcoming if a certain value
of high-frequency energy is reached in the organism, The
efficiency of transmission during interaction between . the
field and the organism depends on the frequency, and for
absorption it is depicted in Fig. 1. The true result is
complicated by the existence of induction, Therefore, we
can find even in the case of relatively low frequencies a
field intensity in which the effective energy in the organ-
ism exceeds the critical value, )

For frequencies below 300 MHz, the maximum permissible
intensity was established in the USSR at 5V m, and in
exceptional cases at 10 V m. The latter value was also
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living matter, especially in the field of microwaves. He deals with penetration of
high-frequency energy into the organisn, electromagnetic induction of the body, and
the existence of the non-thermal effect of electromagnetic waves. Symptoms of damsge .
are listed and methods of protection discussed. ' The original article included 29
references. TYour graphs are included at the end of the report. - . .

i
i

PTD it 4A

2 STy WA IR R A e it s JHE e

e rnoramags rescopy . o rr g b



