
Li

# 2

All kinds of radiations have a common characteristic --they

charge, is said to have its energy in the form of electromagnetic

The values applicable to a radiation

having
y '

= 1 mX
sec

For frequencies higher than 300 MHz, the

wavelengths are shorter than 1 meter and vice versa. The frequency

range for designation of the microwave portion of the EM spectrum

varies with different authors: 100 - 30, 000 MHz [8] , 300 - 30, 000 MHz

- 1 mm)

author [8] , this designation

includes radiations with wavelengths of the order of mm and cm.

Table 1 illustrates the position of electromagnetic radiations

C
Y

■/

(Hz = H^rtz 

megahertz -

t <-■

hr ■. i

I , .

[30] , 3, 000 300, 000 MHz [36] , 9, 000 - 300, 000 MHz’(30 cm

Cl •’ '

Effects of Electromagnetic Radiation of the Order 
of Centimeter and Meter Waves on Human's Health* 

by Jana Pazderova, Prague, Czechoslovakia

a wavelength of 1 'm, can be expressed by the formula: 

3x1 0^m sec

3 x 108

The corresponding frequency for the wavelength of 1 meter is 300 MHz 
3

-- oscillations/second, KHz = kilohertz = 10 Hz, MHZ = 
106Hz).

it is necessary to be familar with the physical concept of the intensity

---------------------------------- x/
^Originally published in Pracovni lekarstvi 20,^10,(1968) Translated by
Alice Marosi, M. D. and edited by F. G. Hirsch, M. D. , Lovelace 
Foundation for Medical Education and Research, Albuquerque, New Mexico

"[41] and so on. With the exception of one

in Table 2. In order to understand the magnitude (extent) of, its hazard,

to one another as: Xy = C [36] . Where C is the speed of an electro- 
g

magnetic wave in a vacuum which is 2. 997930 x 10 meters per second 

or approximately 300, 000 km/sec.

waves. It possesses frequency y and wavelength X, which are related

compared with other types of radiation. Its classifications are shown

transfer energy into space. Radiation, which carries neither mass or
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Table 1

REVIEW OF ELECTROMAGNETIC RADIATION

>

Long1-15 km
Radio

Medium200-700m waves
■■■

Electromagnetic waves2-IOOm
I

0.1-2 m Hertz waves

l-IOOmm

Thermal radiation10-340/x

Infrared0.75- 10/z

’ LightVisible0.35-0.75/z

Ultraviolet
IO17 -

Soft x rays
Radiation x

Hard x rays
0.1-10 A

Soft y rays y rays

Hard y rays
> Lethal rays

l-IOOx

> 0.001 x

*l (’T L .

Penetrating 
radiation 

(Ultragamma)

Short
Very short

Ultrashort waves 
Microwaves

Electromagnetic component of 
cosmic rays

i
I

0.001-0.1 A

0.35-0.014^

10-1,000 A

!

■i

io’15

10’"

io13
io"'2

io"14

io-10

io-6

X 
meters

IO4

IO6

IO~4

IO'9

IO-3

IO"7

io3

IO"2

IO-1

V 

seconds
io^~
IO5

IO9

IO8

IO"5

10°

IO7

io-8

io19

io'2

IO16

io2

IO18

io15

io21

io23

io'°
io"

io14
io13

io20

io22

io1
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of an electromagnetic field, which has a dimension of volts per square

meter.

In the areas of higher frequencies (in the zone of microwaves),

If theinterrupted, it is a pulsed wave, an example of which is radar.

average intensities of the continuous and pulsed wave fields are equal,

the difference is in the large immediate energy of the pulsation (high

distant area the intensity of the field decreases with the first power of

the distance and the field density decreases with the square of the dis-

radiotelegraphic machinery, all kinds of industrial generators and radio-

Most of the literature is devoted to the biological effect oflocators.

When electromagnetic radiation strikes an obstacle (which may be

[7, 8, 41, 55, 57, 52, 82] and the rest of it passes through the

obstacle [14, 41, 5'7, 71] . The total amount of the energy, absorbed by

the living organism, depends on several factors: the wave frequency

- 2

I

(and wavelength), the intensity of the electromagnetic field (field density), 

the length of time of the exposure [8, 9, 30, 31, 28, 52, 55, 66, 78] and

sources of electromagnetic radiation are radio and television transmitters,

data of the field density is usually expressed in watts per square centi- 
2

meter (W/cm ) [57] . If the amplitude of the wave is always constant,

microwaves, whereas only a few authors deal with electromagnetic 

radiation having wavelengths of meters and kilometers [12, Nikonova, 

V. N. : in 30, 37, 57, 12, 73, 84].

also a human organism) part of the energy is reflected, part is absorbed

the term continuous wave (cw) is used. When the emitting signal is

amplitude) and the biological effect on some organs may vary. In the

tance, however, this is not true for short distances. The most frequent



the physical and chemical characteristics of the organism--the

dimensions of the object, characteristic of the surface (clothes, hairy

parts of the body), thickness of the skin, the subcutaneous fat, water

of lower frequencies have greater penetrating ability than radiations, of

absorbed in the superficial layers [8, 9] . It

has been proved in experimental animals that the differences in skin

and rectal temperatures are big when the frequency is 2, 800 MHz,

but are small at a frequency of 200 MHz [8, 9] . Radiations of frequencies

At

absorbs about one-half or less of the incident energy, because at lower

frequencies most of the energy passes through the body, and at higher

55, 57] and other author s arrived at the same conclusions (the shorter

the wavelength--the lesser depth of penetration and vice versa).

Absorption is accompanied by conversion of electrical energy mostly

to heat, however, this is not the only way to transfer

organism. It is suggested that there is

- 3 -

calculations have lead to the conclusion, that high frequency energy 

penetrates to a depth equal to 1/10 - 1/100 of the wavelength.

frequencies lower than 400 MHz and higher than 3, 000 MHz, the body

energy to the

on the electrical conductive pathways of the body --the nervous and

high frequencies which are

The absorption in the frequency zones

a possibility of induced voltages

vascular systems. In this way, the slightly weakened energy can get

frequencies much is reflected [52] .

of 1, 000 - 3, 000 MHz can be as much as 100% [52, 82] . Schwan [41, 9,

below 500 MHz penetrate deeper than those above 3, 000 MHz which be

have like infrared radiation and are mostly absorbed in the thin layer 

under the surface. [Schwan, H. P. : in 41] . Experimental works and

content of the tissues, and so on [57, 82] . Electromagnetic radiations .



to those areas, whereas by absorption, energy is transferred only in

unequal distribution of absorbed energy: dimensional resonance and

standing waves.

In some part of the object, which is struck by electromagnetic

waves, corresponds in dimension to the wavelength (eventually to the

whole multiplicand of its half) this area becomes

/

quency energy [78, Quan, C. S. : in 57] . Some authors suggest the

The origin of stand-possibility of molecular resonance [50, 52, 66] .

ing waves in the organism has been proved

that the electromagnetic energy in the organism polarizes the molecules,

start to move under the influence of the electromagnetic field. Since

the charge of the field changes in accordance with the rhythm of the

radiation frequency, the orientation of dipoles and the direction of the

Because we are dealing withion movement are being changed also.

material particles of definite dimensions, friction, absorption of energy

and its transformation to heat take place [55] . Because the heat depends

is not uniform [55] . These events are very complicated and their

understanding requires

- 4 -

experimentally [7] .

on electrical constants which vary with different tissues, the warm.up

a high degree of technical knowledge.

a source of standing

insignificant amounts or not at all. By physical consideration, one can 

arrive at other factors which may participate in the propagation and

establishing dipoles. Also ions, which are not electrically neutral,

During the passage of electromagnetic radiation through the 

tissues, dielectrical dissipation causes the energy to be absorbed and 

transformed into heat [57] . This thermal effect is admitted by most 

of the investigators [22, 30, 32, 55, 57, 75, 78, 79, 91] . It is supposed

waves. Implanted metal may also cause a concentration of high fre-



The thermal effect depends also on the bipolarity of water [8] .

20% This phenomenon explains

the higher temperature in tissues with high water content [ 7, 41] .

Higher temperature is also found in the neighborhood of the tissues

capable of reflection (fasciae, bones) probably due to standing waves

[41] . We can summarize, that the amount of the heat formed in the

body by transformation of the electromagnetic energy of a constant fre

quency and field intensity (field density) depends on the distance from

the surface, the dielectric constant, the water content of the tissues,

induced voltage. Because the problem is too complicated, it is

impossible to determine exactly the final result by calculations based

animal, has an excellent thermoregulatory system, represented above all

by the circulatory system [41] . For example,

ature of 240°F (116C) for.20 minutes at

[52] . Organs with abundant blood supply have an advantage in comparison

The intolerant dosage in total irradiation of man is always

associated with the sensation of warmness in the abdomen [ Schwann, H. P.

A

the primary radar beam.

- 5 -

I

in 40] . The only published case of the death of a man from electromagnetic 

radiation--explains death as a consequence of overheating [ 40] .

42-year-old man was working approximately 10 feet from an antenna in

In a few seconds he felt warmhess in his

the presence

induced voltages and the eventual development of standing waves and

In the blood approximately 80% of the heat is formed on this basis and 

on the basis of the ionic conductance [7] .

man can sustain a temper-

or absence of conductive systems and the possibility of

a low air humidity without damage

to the organs with poor or no blood supply [ 31, 32, 52, 81] .

on the power of the emitted energy. Man in contrast to a small laboratory



abdomen and after one minute this sensation became unbearable.

In half an hour, an acute abdominal event with severe shock had I
developed. The findings were aseptic hemorrhagic peritonitis and 'i

The intestinal wall was thereby-

damaged, with resultant perforation.

The conception of protein denaturation and in

testinal wall damage has been proved by some experimental work, in

and blood diarrhea resulted.

Pathologico-anatomical changes occur first in the jejunum and

The

in our country are much lower than those causing the above described

changes.- Deaths of laboratory animals have been described at much

ously for one minutp and then with one minute interruption, died after

16 min. of total exposure; however, when the time of interruption be

tween exposures wag extended to 5 minutes, only total exposure of 34

There too, the thermo-

-6 -

minutes resulted in death of the animals.

regulating system was effective when the interruptions between irradiations

ileum--Kyperemia, hemorrhages and necroses; later, changes are also 

observed in other organs, such as the myocardium [8, 33] .

maximal permissible levels for working with electromagnetic radiation

i

had denatured the proteins of mucosa.

gangrenous appendicitis with absence of a pathogenic intestinal flora.

In spite of an intervening operation, the man died after several days 

with perforation of the ileum. The author [40] feels that overheating

a frequency of 24, 000 MHz and a

which the experimental animals were irradiated with microwaves having
2

a field density in the order of tens to hundreds of W/cm . Hyperthermia

The field density was estimated as being in’the’ vicinity of 100- 

1,000 W/cm [40] .

lower field densities. Rats, irradiated with electromagnetic waves at 

field density of 300 mW/cm , continu-



Baranski [4] attempteddensity causing death of the animals [7, 8] .

to express "toxicity" of this noxa in a way similar to that used in

He found out that 50% of mice

Irradiation with higher intensities of the electromagnetic field

to establish the maximal values for field intensities and field densities

I

experimental study in Table 3 [30]

Thresholds of the Thermal Effect of Electromagnetic Waves,
67

Wavelength

medium 8, 000 V/m resp. 2, 830

2, 250 V/mshort

very short 150V /m

dm

cm

2. 31 erg/cm xl 0mm

- 7 -

(with layers of field densities) results in a picture, where clinically the 

dominating signs are those of hyperthermia, [31, 33, 58, 74, 81, 93]

Intensity of the Field 
Eventually Field Density

The Intensities at Which the Body (Rectal) Temperature Still Does not Rise.
I

at which the body temperature measured rectally still does not rise, 

am quoting the results of an

e. g.

were longer [22] . Some authors quote even'lower values of field

and pathologico-anatomically the most prominent features are hyperemia, 

hemorrhages, dystrophic and degenerative changes of varying degree 

and necroses [4, 8, 23, 33, 59, 61, 65, 93] . There has been an effort

0.995 erg/cm xlO
,, , , 3 ln6

Energy Related 
to 1 cm^

13. 2 erg/cm xlO
, , ,3,_6

244 erg/cm xlO

■ 3 , _6

3. 3 erg/cm xl0
• 3 , _6

/ 3 ln6 erg/cm xlO
• 3 , .6

.toxicology--determination of DD^q.

died following 6 hours irradiation with wavelength of 3 cm and field
2density of 5 mW /cm .

2
40 mW/cm

2
10 mW /cm

2
7 mW/cm

TABDE 3



I

waves in the organism.

the wavelength, frequency, the size and shape of the object, its electrical

characteristics, the movability of the object, the presence or absence

of surfaces capable of reflection, the structure of the electromagnetic

field in the place of location of the object, its orientation and on some

line of gradually decreasing energies. [30] .

76, 78, 91] .

field intensities, which do not cause thermal changes in the organism.

of protein denaturation (especially in the frequency range of 100-300 MHz)

formation of round-shaped aggregates

This phenomenon is found in

molecular conditions and colloidal solutions yield to it. (fat, erythrocytes,

lymph, milk) [41, 91] .

- 8 -

non-thermal effect [8, 9, 28, 50, 52, 55, 56, 57, 61, 62, 63, 66, 75,

It is suggested that this phenomenon occurs at the lower

Explanation of this phenomenon and its experimental proof is far more

The possibility of

pearl chain formation is described--a

which are aligned i-n the direction of the high frequency ray, like pearls

are beyond the

complicated than in the case of the thermal effect.

resonance on the molecular level is taken into account, especially that 

of the proteins, peptides and aminoacids [55] and the possibility of 

separation of the free radicals and defect in some enzyme processes [50] . 

The non-thermal effect is considered by some investigators to be a cause

on a string [52, 55, 56, 57, 72, 91] .

There are some objections to these indexes of electromagnetic 

fields,because they do not characterize efficiently the absorption of

This absorption, as quoted before, depends on

Beside the thermal effect, many investigators also indicate a

[52] and the cause of changes in lipoproteins and enzymes [52] . A

other factors. It is not clear why the very short waves



TEIXEIRA-PINTO, A. A. describes the behavior of the uni

cellular organisms in an electromagnetic field as follows: [91] .

magnetic field of high intensity. Motionless organisms become arranged

cellular organism is forced to move parallel to the electric field at lower

There are also changes in ionic processes which have an influence on

it doe's not seem probable that chaining could be of any benefit in the

living organism, because all metabolic processes in the organism would

This phenomenon in vitro, however, is caused by such lowbe violated.

temperature produced by any source.

irradiation of the egg of a teleostean species has a disastrous effect on

egg to the same temperature has no

- 9 -

changes-in interneuronal synapses, inactivation of some viruses and 

changes in growth and infectious characteristics of some bacteria [55] .

On the other hand, Brown[41] reports that electromagnetic radiation has the

the offspring whereas heating an

they are oriented at right angles to the lines of force and always move

intensities of electromagnetic field that it is unlikely to cause any changes 

in the living organism [41] . Non-thermal effects probably also cause

same bactericidal effect on a culture of Escherichia coli as equivalent

McLeesh [41] demonstrated that

of this are defects in the permeability of membranes and effects on

diffusion processes [55, 56, 57, 75, 78] . According to another opinion,

parallel with the electric field in a chain-like formation. A motile uni

parallel to the lines of force at lower frequencies. At higher frequencies,

wave frequencies and at a right angle to it at higher frequencies. Intra

cellular structures are variously influenced at different frequencies [91] .

unicellular organisms react differently to a high frequency electro

polarization and depolarization of the cell membranes. The consequences



are no more than hypotheses and suggestive experiments.

Following these general points of view, which are necessary for.

understanding^the possible effect of electromagnetic radiation on humans,

with changes produced in different organs by electromagnetic radiation.

I think there are two important pieces of evidence of serious

There are

quoted three cases of ophthalmologically proved damages of the eye lens

in workers who looked into the end window of a generator tube or into a

small window of the wave guide for a few minutes several times a day.

[Zaret, M. M. in 72] . Zaret, who has worked on this problem thoroughly

study of 736 workers exposed to microwaves.

He has compared the results of this group with those from a group of 599

unexposed workers. He has not found any statistically significant dif

in the following example of his method.

- 10 -

The workers had been doing this work for many months.

One of them had a quick loss of vision and two lost their vision slowly

microwave hazard, and compared his findings with those from an

did another comparative study [95] in 170 employees working with a

and critically, has done a

capular changes; these people are

2 The exposures were estimated at field densities ranging from 350 mW/cm
* 2

to several W/cm .

damage in man: death following irradiation with the direct rays from 

radar [40] -and reports of damage to the eye lens [34, 72, 95] .

I will introduce in the next chapter, some data from the literature dealing

examples of a possible non-thermal effect, most of which at the present

equivalent age group of 70 people. An idea of his thoroughness is shown

influence on the development of the offspring. I have shown only a few

ferences [72] . Among thousands of workers he found 6 to 1 0 people with

still being observed. In I960, he



job classification and then anonymously in order to

of opacities in

crease with age. He did not find any late changes in the eye lens (cataracts)

related to exposure; all changes, which were found, are commonly present

in the general population. There was a statistically significant increase

in the number of posterior polar defects and early opacities, however, he

could not prove

exposure.

He next describes a cataract found in a' worker who worked with

Small opacities

on macula lutea are described; however, comparison with the control

There is also a description of frequent visualgroup is missing.

difficulties in connection with

light used in special locations of the radar stations. However, the

author did not find cataracts. There are a number of clinical in

vestigators who have observed groups of workers exposed to the hazard

of electromagnetic waves on the order of cm [3, 12, 17, 20, 21, 8, 9]

and m [37, 73, 84] . They did not find any damages to the, eye lens

- 11

His usual thoroughness of examination and evaluation is missing in this 

otherwise interesting study [51] , in which 185 employees of a radar and 

telecommunications broadcasting station are observed.

on the periphery of the lens, conjunctivitis and single atrophic changes

He chose equivalent age groups because the nurrb er

a long-lasting eye strain in the artificial

and only objectively documented changes were considered to be proved.

a reliable relation of these changes to the extent of

a transmitter at a frequency of 1, 500-3000 MHz, and a field density in 
2 2 'the order of hundreds of mW/cm , which most probably , was W/cm [34] .

He used a slit lamp at all times. All of the persons were examined 

first according to a

exclude eventual subjective influences. All findings were photographed



of World War II and Korea, who had worked with radar, have been

observed, and even many years after their exposure, neithe r cataracts

nor any other changes were found which would not be usual in the rest

of the population [17] .

PALMISANO, W. A. [72] ,

catara'cts develop only after many years.

The lens has a special sensitivity to electromagnetic radiation,

most probably because of its poor blood supply. For this reason and also

because the ease with which it becomes exposed, the eye lens, along with

testes, has become the most frequent indicator of the extent of damage

from electromagnetic radiation. There are a number of experimental

at which opacities develop.

KALANT, H. [41] gives a review of them. Most ofare not uniform.

whereas others after 90 minutes of irradiation did not see any damage.

If opacities develop, they[Carpenter, R. L. , Ely, T. S. : in 41] .

occur after a certain latent period, the length of which is indirectly

- 12 -

on the basis of the data from the

some investigator? have found opacities after 10 minutes of irradiation,

may result in cataract within two months, while at a field density of
2

500 p,W/cm the first opacities appear only after many months, and total

literature and on the basis of his own observations, presumes, that
2 

repeated irradiation with microwaves of a field density of 5 W/cm ,

works devoted to an effort to determine the minimal threshold dosage

The results of these experiments, however,

the investigators, quoted here, agree that continual microwave irradiation 
2

with a field density of 0. 1 W/cm operation for several hours, does not
2 

damage the eye lens. At a higher field density of 0.28 to 0.29 W/cm

which could be contributed to the electromagnetic waves. Even veterans



that a certain threshold temperature must be achieved in order to damage

The critical temperature is considered to be 45-55°Cthe eye lens.

[Pattishall, E. G. : in 41] . Temperature, however, is probably not the

only factor which has an influence on the origin of opacities and cataract.

It is well known, that the thermal effect is a result of an average energy

(it does not depend exclusively on peak power values). Radar causes

refused by others [82] .

minutes of irradiation with

the posterior wall of the eye lens. Changes in the lens proteins were

When the wavelength was 3 cm,energy was absorbed on thepresent.

surface and no changes in the eye lens were present. In contrast, at

This work is accompanied by a convincing graphicdamage of the eye.

caused typical changes

R. L. in 41).

- 13 -

on the anterior capsule of the lens (CARPENTER,

a wavelength of 12 cm, and a certain latent

illustration of the data [16] . The greater penetrating ability of irradiation 

at longer wavelengths has also been proved by other authors [41] .

Finally, infrared rays (radiation of shorter wavelengths than microwaves)

There are some interesting experiments showing that localization

cataracts in a rat's eyes sooner than a continuous source of the same 

intensity [41] . The possibility of a cummulative effect of underthreshold 

and threshold intensities is accepted by some investigators [61] and

a wavelength of more than 12 cm, body temperature increased without

period,t a cataract had developed in the usual location for this noxa--

proportional to the field density (field intensity) [41] . It is suggested,

of the damage depends on the wave frequency. A relatively high field 
2

density of 100 W/cm has been used at various wavelengths. After 10



"We can summarize that the possibility of lenticular damage caused

by electromagnetic radiation in the zone of microwaves (in terms of later

development of cataract) has been proved. This knowledge is also handed

There is no uniformity in opinion

concerning the magnitude of the field density which is necessary for the

origin of damage; however, the energy is of a much higher order than that

The number of affected persons is insignifi-permissible in our country.

cant in relation to the number of the exposed workers.

It is easily accessibleattention, is the testis.

The other objective (as in ionic radiation), is

any reliable case of damage to reproductive cells in man by electro

magnetic radiation. Many clinical investigators are working on the

question of potency and fertility, however, they have not yet found any

convincing proof of adverse effects [3, 20] . The reason, most probably,

Although experimental worker had paid attention to the effect

of microwaves, I have not found any mention about a possible deleterious

effect of electromagnetic waves in the order of meters or longer. The

authors are in general agreement in the histological picture of the damage

from microwave irradiation. They describe nonspecific degenerative

changes of the reproductive epithelia (frequent vacuolization) with

- 14 -

a temperature lower than body temperature; for example, in man the 

difference is 2 °C [72] .

The next organ,on which experimenters concentrated their 

experimentally [9] and

is the fact that irreversible changes originate only at temperatures that 

are incompatible with life [52] .

down in textbooks [30, 35] . However,

is very sensitive to temperature. Under normal circumstances, it is at

to reveal an eventual genetic effect. The literature does not describe



impaired spermatogenesis, in some cases with total suppression of

time; the changes were as insignificant and uncertain as those found

the question as to whether such insignificant changes can be considered

Changes have been described in the activity

of alkaline and acid phosphatase, adenosinetriphosphatase and 5-nucleosidase

[15] . From the literature and on the basis of his own observations,

absolutely safe.
- 15 -

to be damage [41] . Some investigators were not able to produce an 

adverse influence of fertility in dogs even after a year of irradiation. [21]

Most authors are convinced that the damage is reversible, and data about 

progression of damage after cessation of exposure are rare [61] . Con

sideration concerning adverse effects of microwave irradiation on the 

embryo are in a stage of experiments and hypotheses[ 63] . The lowest

intensities, at which chronic irradiation causes changes in the enzymes 

of productive cells (not in the interstitial tissue), are of the order of
2 

less than 0.01 mW/cm .

magnitude of the radiation intensities vary. Some authors describe
2

changes in an exposure not more than tens of mW/cm [61] , whereas

damage of the reproductive cells in man. When Schwan uped a safety
2 

factor of 10, he considered the field density of 0.01 W/cm to be

others indicate changes after many days of intermittent irradiation with 
2

field densities of 0. 1 W/cm [74] . Other publications do not give any

SCHWAN [41] has calculated that chronic irradiation with electro-
2 

magnetic waves of a field density of 0. 1 W/cm does not cause any

data about the field intensity [16] . In one observation, an experimental
2animal was exposed to a field density of 0. 01 W/cm for a protracted

after taking a bath in a hot water. The author of this experiment discusses

maturation of the reproductive cells, and in more severe cases tubular 

atrophy [15, 16, 35, 41, 59, 61, 63, 74] . Data concerning the



In summary, we can say that there are experiments that have

proved degenerative changes in reproductive cells of male glands;

however, there have not been recorded any proved cases of damage

- in man. Damage in man can be assumed only indirectly because biopsies

for histologic examination have not been done.

an effect of electromagnetic radiation on the central nervous system of

animals and many clinicians follow the effect of this noxa on the human

Reflex disorders improved spontaneously in 10-18 days after the exposure [61] .

These manifestations

Other authors did not notice any disorders

of behavior in dogs irradiated for a long period. Two female dogs were

Irradiation in
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normal during the whole experiment [21] .

A number of neurologists have given attention to the EEG records 

in experiments and in exposed persons. Changes have been noticed at 

irradiation with meter waves of a field intensity of 1, 000 v/m after 

10 min. of irradiation. [NIKONOVA, K. V. in 67] .

and- rats irradiated for 1 minute daily with a

Memory disorders in rats exposed to electromagnetic radiation immediately

When irradiation was applied

were fully reversible also [13] .

spite of this, their behavior was

Many investigators concentrate their experimental studies on

perimental animals; for example, the irradiation of the head of a dog

2
with microwaves of a field density of 10 W/cm [LIVSHITS, N. W. in 41],

2 
field density of 30 mW/cm .

before exercise, are described elsewhere, 

after exercise, no memory disorder was noted.

humans at a field intensity of 300 v/m and wave frequency, of 900 KHz, for

irradiated several hours a day for more than a year with microwaves
‘ • 2

of a frequency of 24, 000 MHz and a field density of 20 mW/cm . In

nervous system. Changes are described in conditioned reflexes in ex-



3 minutes, repeated 10 times, revealed no changes, when compared

pathological EEG tracings when under the influence of continuous wave

operation and pulsed power supplies. In rats exposed to a continuous

The pathologico-anatomical findings in the brain of animals which

when death, is a result of overheating (hyperthermia), the vascular changes

the greatest when in the

the changes are of a more general dystrophic character, and proliferation

of the glia and vascular changes are not

of the glia (without significant expression of other degenerative chagnes)

authors [4, 59, 65, 93] . Occasionally,

simultaneous proliferation of the reticuloendothelial cells, changes in

When the animal is sacrificed within one to three weeks of ex-

only isolated and there is
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irradiation, slow rhythms are predominant,whereas in those exposed to 

pulsed power supplies, quick rhythms and episodic bursts prevail [67] .

attention is called to a

no hyperemia [23] .

so prominent [23] . Proliferation

is usually present in cases of short-term irradiation at lower electro

magnetic field intensities [23] . Similar changes are described by other

axosomatic synapses of the cerebral cortex and a concentration of the 

damage in the thalamus and hypothalamus [TOL'GSKAJA, M. S. , 

NIKONOVA, K. V. in 67] . According to some opinions, wave lengths 

of the order of dm (decimeter) are the most effective biologically. [67] .

are dominant hyperemia, hemorrhagia and acute dystrophic manifestations 

[4, 23, 59, 65] . The described changes are

were either sacrificed after irradiation or died as a result of the

posure, dystrophic changes are

site of a direct irradiation. At lower field intensities (field densities)

irradiation, are described by several authors. At high field intensities,

with a control group. Also, attention is called to the difference in



However, after total irradiation, the pathologico-anatomical changes

are present not only in the CNS, but also in the other organs: myocardium,

intestinum tenuum, liver, gallbladder, urinary bladder, etc. [8, 9, 23,

33, 41, 59, 65] .

It is advantageous in all experimental work if the conditions of the

experiment can be exactly determined, e. g. the magnitude (extent)

of the exposure so that the results of different studies can be compared.

This is missing in clinical studies of employees exposed to electro-

Until recently the number and accuracy of measuring

be determined exactly.

observations are compared to inaccurate evaluations of the hazard. I

believe, this is one of the reasons, why published results ar e different.

is a different concept of the damage. Soviet authors are devoted to very

minimal deviations from normal, which are noticeable only under lab

syndromes according to the significance of changes:

The mildest is a vegetative syndrome, when vagotonia with

bradycardia to 42 p/min are present together with hypotension and

arrythmia. Dermographism is increased, the skin reaction to histamin
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Sometimes very c

so only occasionally, and

magnetic radiation.

devices hav_e been inadequate, so the extent of the exposures could not 

omprehensive and exact clinical

oratory conditions and the presence of which, according to my opinion, 

cannot be considered to be significant damage.

DROGICINA and SADCIKOVA [24, 67] distinguish five clinical

Bloc" authors. Western physicians have done

usually as a part of a total physical evaluation. Maybe the reason for this

Studies of the effect of the electromagnetic radiation of the CNS 

of the man, have been done mainly by Soviet, Polish and other "Soviet



and adrenalin is positive, the gammaglobulin content of the plasma is

In spite of the presence ofincreased as -well as the histamin content.

objective signs of increased vegetative lability, the patients do not

feel sick.

In the second stage, called asthenic syndrome, there is a feeling

of tiredness, headache, nocturnal insomnia and somnolence during the

day. The blood count reveals

This stage also is fully reversible.

More significant is the asthenovegetative syndrome with typical

The oscillographic plethysmograph records show a tendency todilated).

found in conduction (broadened p,

Slow rhythms are revealed

occasionally. The threshold of preception is usually increased, and there

are some insignificant changes in the thyroid function. There are also

frequent.

and the dominant features

and inability to concentrate.

Objective findings

tendency to hypertension and sometimes a tendency to leukopenia and

to thrombocytopenia.
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angiospastic manifestations: headache and chest pain in the cardiac region.

In the optic fundi there is an unequal size of the vessels (narrowed or

, Even more severe is the angiodystrophic syndrome, leading to a 
/ 

decreased adaptability. The above described difficulties are accentuated

a tendency to leukocytosis or to leukopenia.

Complaints about decreased potency are

are believed to have an extracardiac cause.

some isolated trophic changes of the nails and transient allopecia.

are especially headache,' disorders inmemory

are more extensive changes in the EKG, a

notched QRS), especially in the left thoracic leads. However these changes

spasm. Changes in the EKG are



The most severe, according to the authors' opinion, is the

diencephalic syndrome, with paroxysms lasting tens of minutes, which

are manifestation of neurocircular disturbances: paroxysmal attacks

of severe headache, sometimes accompanied by dizziness and a short

The objective manifestations of this syndromeperiod of unconsciousness.

are paleness of the skin, sweating, increased blood pressure, and emotional

The attack is usuallylability, accompanied by a sensation of fear.

Sometimes it isterminated by an adynamia and general weakness.

accompanied by fever, transient erythema and gastrointestinal complaints.

The EEG records slow waves, theta and delta waves, and bilaterally

These findings

These very detailed and exhaustive studies have some disadvantage:

the reader is usually presented only with the result, he is not given a

changes, and a statistical comparison with a control group is not given.

If these requirements were fulfilled, then such inaccurate concepts as

"tendency, sometimes, occasionally" could have been substituted for an

Other neurologists alsoexact term of a more statistical significance.

have found a variety of stages of CNS changes, considered to be due to

the effect of the electromagnetic radiation of the order of cm and m.

Their opinions vary in degree of importance and in frequency of changes

[II, 12, 28, 37, 45, 46, 47, 48, 49, 67, 84, 89, 90, 92] .

Transient functional disturbances are reported along with focal

pyramidal, cerebellar and vestibular changes. KLIMKOVA, on the basis

of her comprehensive and long-term observations, distinguishes three

-20-

synchronous discharges.
of the subcortical centers [24, 67] .

sumrra ry of the data which would allow him to see the frequency of the

are characteristic for a disorder



states of CNS changes, caused by electromagnetic radiation:

(1) Neurasthenic syndrome with functional, mainly vegetative disturbances.

(2) Pseudoneurasthenic syndrome, with fatigue, somnolence, headache,

by an organic symptomatology with objective vegetative symptoms

(sweating, palpitation) --manifestations of the diencephalic disorder.

(3). The third state manifests organic symptoms, pyramidal, extra-

Some clinicians call attention to the more frequent incidence of

But

here again the detailed clinical picture is compared with an indistinct

magnitude of exposure. This, of course, is not the author's fault

[11, 12, 34, 45, 46, 47, 4'8, 49, 84, 90, 92] since in the past technical

The most stressed neurasthenic symptoms, considered to be due
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episodic abnormalities [47] .

pyramidal, cerebellar and vestibular; these represent a transient to an 

encephalopathy [47] . The EEG shows signs of various degrees of decreased 

vigility, manifestations of sleeping activity [37, 46, 47, 48, 84, 90] and

data of exposures have been kept secret and measuring devices have been 

very unreliable.

high voltage waves of a slow frequency (theta and delta), which occur

our country include control groups and statistical comparisons.

however, have not-found hypotnension, or bradycardia in employees 

exposed to electromagnetic radiation hazard. [11, 12, 30/ 43, 90, 92].

to an electromagnetic radiation, are the vegetative manifestations with 

the predominance of the vagus: bradycardia, or at least a tendency to 

bradycardia and to hypotension [27, 28, 30, 32, 85, 90] . Some authors,

usually in episodes in the anterior regions [11, 12] . Publications in

general weakness and nervousness. These symptoms are often accompanied



On the other hand some have found hypertension [46] and still others

have observed deviations in both directions [90] .

EKG changes have been described first by Soviet authors:

sinus rhythm [28] protraction of the intraventriculardisturbances of the

conduction [24, 25]

conduction [69, 85] , Some authors stress the notching of the R wave

Not one of our author s found EKG changes

individual, and any decision as to whether the changes are pathological

The results were compared with those from a control

The findings were decreased

systolic and minute cardiac volume, decreased speed of the blood

expelled from the heart and sinus bradycardia. As a reaction to the

deceased cardiac minute volume, the arterial tonus increases (mostly

that of the muscular type arteries), the precapillary bed narrows and

The authors consider thethe peripheral resistance increases.
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More complicated hemodynamic studies, using the SAVICKY 

mechanocardiograph, have been done in 45 radar station mechanise.

and caused by an electromagnetic radiation should be made on the basis 

of documentation and of statistical evaluation.

or changes in the terminal part of the ventricular

relatable to the exposure to electromagnetic radiation, however, there are 

also others, who have not noticed them [28] . The clinician knows that

These workers were exposed several times a month to field densities 

2 up to 1,500 p.w/cm .

often minimal deviations occur in the EKG, even in a perfectly healthy

group of 1 5 men and statistically evaluated.

and flattening of the T wave; these findings are considered to be a 

manifestation of "myodystrophy due to a disturbance of the neural 

regulation"[94] . Other authors mention changes on the P wave and 

notches on QRS [24, 25, 94] .



disturbance in the cardiovascular regulation with suppression of the

sinus node as the primary change, and the increased peripheral resistance

as a compensatory mechanism. [27] .

In summary of this chapter some authors have found changes in the

form of hypotension and bradycardia, whereas a number of others have not

found these deviations.

There is a problem in the evaluation of the literature concerning

changes in the blood elements, because instead of convincing, statistically

of normal values with the number of deviations in both directions. Since

Also the

leukopenia [ 1, 32, 94] . Authors of studies, which employ a rigorous

Others mention a

not found any changes in the blood count of the examined persons

[3, 12, 20, 73, 85’, 90] . None of the deviations, described in the

literature, is significant enough, to be qualified as

- 23 -

in our country to be still physiologically normal--(4, 000 - 8, 000 

leukocytes) [24, 25, 30, 67] .

Some authors describe leukocytosis [30] , and others moderate

or bone marrow suppression.

a diagnosis of anemia

there are no comparative groups, it is impossible to know, whether the 

phenomenon is constant or exceptional [24, 25, 30, 67, 85] .

term "leukopenia" is sometimes used for values, which are considered

related comparisons, there are often given only concepts like "tendency to 

a leukopenia and leukocytosis" [24, 25, 20, 67] or only numerical data

erythrocytes, and decreased hemoglobin [86] . A number of authors have

criteria, include data of thrombocytopenia [18, 52] .

tendency toward a thrombocytopenia [24, 25] , decreased number of



isolated study dealing with the synergistic

effect of electromagnetic and ionizing radiation [94] . Fluorescent

microscopic examination of the leukogram showed a larger percentage

with the results of other observations, concerning the significance of

The majority of changes, quotedchanges caused by cm or m waves.

Also, there is a differencein this reference, are caused by cm waves.

in the significance of the hazard between short and medium radiowaves.

in the cholinesterase level has been found in experimental animals [39, 67] .

This change has not been recorded in humans exposed to wavelengths

The other authors do not quote

Some physicians [6, 84] havethese values in clinical observations.

it is not clear in their references, whether age was taken into consideration

If

this fact is taken into consideration, a comparison between the workers

Lactic acid, pyruvic acid

vation, some changes have been found in the gammaglobulin levels,
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plays a significant role. With advancing age the fasting glucose level and 

the glycemic curve increase, and glucose tolerance decreases [84] .

of the radio stations and an equivalent control group, reveals no 

statistically significant deviations [73] .

on the order of meters and higher. [73] .

The medium length waves

The other question being discussed, are possible endocrine and

There is only an

and creatinin levels do not differ in exposed persons from those in a 

control group[6] . In an experiment[2] and in isolated clinical obser-

are less significant for technical personnel.

than in those exposed to waves of meter length [12] . This is in agreement

of blood cells with green fluorescency in workers with centimeter waves

humoral changes from the effects of electromagnetic radiation. A change

in the choice of the control group. Age, as shown in recent references,

often found diabetic and prediabetic types of blood glucose levels. However,



namely their elevations [28, 30, 67, 73, 84] .

Increased activity of the thyroid gland is described by Soviet

authors [25, 27, 30] , but clinical manifestations of hype rthy re os is

This information in the literature isin its classical form are rare.

not complete d^with any data concerning the frequency of the changes,

there were changes in the activity of the hydrolytic ferments, decreased

Because allopecia occurs in men very

frequently, it is impossible to determine without statistical evaluation

evident from all the above mentioned publications, that there have been

Therefore, irradiation

at these intensities'can be considered absolutely harmless [ 72, 82, 83]

and, one author,

field

intensities, and field densities which were higher than our regulations

permit.

for 8 hours work in continuous wave operations,
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and comparison with a control group, whether its real cause is from 

electromagnetic radiation,

Trophic changes of the nails and transient allopecia have been 

reported only rarely [67] .

Others havd- observed changes in the blood histamin level following 

electromagnetic irradiation [GEL'FON, I. A. in 67] .

alkaline and acid phosphatase activity, decreased activity of adenosinetri

phosphatase and 5-nucleotidase in the reproductive cells of the testes. [15] .

All the above described changes in experiments were caused by

no pathological changes recorded, either from experimental or clinical

2 
observations, at a field density up to 10p.w/cm .

on the basis of the literature data and his own experimental

2
observations, considers even a field density of 0.01 W/cm to be harmless.

Our regulations since 1965 are: for frequencies higher than 
2 

300 MHz, 0. 025 mW/cm

as it is quoted by the authors [67] . It is

nor is there a comparison with a control group. In the animal experiments,



in pulsed wave operations.

is relatively small.

I repeat these facts in the conclusion in order to give the reader

compared with the significance and frequency of

To correctly evaluate the hazard of electro-other occupational diseases.

magnetic radiation, it is necessary to include with the details of an exact

study, hygienic data characterizing the details of the exposure in order

This hypothesis

Measuring apparatus

termining the necessary parameters have become available only in recent

years.

In order to judge the significance of the occupational hazard of

electromagnetic radiation more accurately, it will be necessary to

correlate medical findings obtained from long-term observations of workers

exposed to electromagnetic radiation with the extent of the exposure.
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devoted to these problems and their publications which .include only sparse 

data about the hygienic conditions of the working-places.

death of a man from hyperthermia is recorded in the literature at a field
- - ___ 2

an understanding of the current knowledge of the hazards of electro

magnetic radiation as

field intensity is 10 v

are complicated and inaccurate, and good technical assumptions for de-

For a wave frequency at 0. 01 - 300 MHz, the maximal permissible

2 
and 0.01 mW/cm

/m [57] . The only serious damage leading to a

to correlate the findings with the extent of the hazard.

prevails in all occupational medicine. It is not the fault of the physicians,

intensity estimated at hundreds of W/cm . Damage to the eyes, cataracts, 

were caused by irradiation of the eyes with lower intensities, but when
I

compared with the number of exposed persons, the number of afflicted


