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223-227. Electromagnetic radiation in the radiofrequency range is the most commontype of nonioniz­
ing radiation. The accelerated development in telecommunications and the introduction of power
transmission lines, as well as glue drying and plastic heating in the wood and plastic industries, cause
both occupational and nonoccupational systematic exposureto electromagnetic radiation in the radiofre­
quency range. For the hygienic rating of radiowave exposure it is necessary to use biological models to
evaluate, in depth, the mechanisms and effects of electromagnetic radiation. The ultra- and superhigh
frequency rangeis the most activein causingbiological responses. The highfrequency rangeis lessactive.
Physical characteristics (continuous and impulse) and the combined effect of the electromagnetic field
with other factors, eg, elevated air temperature, etc, have an effect on biological responses.
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Several years ago it was generally supposed that
environmental pollution was caused by chemicals
and aerosols. Currently, however , the problem of the
effects of phy sical factors on the general population
and, particularly, on workers is among the most
urgent of hygienic and ecological questions. Among
the factors playing a major role in environmental
pollution, ph ysical factors (noise, vibration, ionizing
and nonionizing radiation) have become more and
more hazardous.

Five of the 31 environmental health criteria issued
by the World Health Organization (WHO) are
devoted to physical factors (noise, ultraviolet radia­
tion, electromagnetic radiation in the radiofrequency
range and microwaves, lasers, and optical radiation) .
Criteria on extremely low frequencies of electric and
magnetic fields (up to 300 GHz) have also been
prepared.

Electromagnetic radiation - An occupational
and environmental problem

Without aiming at a comprehensive detailed descrip­
tion of the role of the different phy sical factors af­
fecting man, it seems relevant to stress some aspects
of the problem concerning nonionizing radiation.
Different types of electromagnetic radiation are
present in the occupational environment. Character­
istically, in the course of rapid technical progress,
the use of electromagnetic radiation has increased so
that the problem which was earlier limited to occupa-
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tional hygiene is now present also in the environment
and with respect to ecology. Electromagnetic radia­
tion in the radiofrequency range has been cons idered
a potentially hazardous occupational factor and has
been studied in detail during the past several decades.

At present a systematic increase in the use of elec­
tromagnetic energy in the radiofrequency range is
being observed in all spheres of human activity.
Electromagnetic radiation is used in many different
operations, from the heating, welding and melting of
metals and the processing of timber and plastic, to the
creation of high-temperature plasma and the use of
extremely high-frequency generators in modern elec­
tronic computers. The use of electromagnetic energy
makes possible the production of principally new
technological and manufacturing processes. The use
and consumption of electronic devices and electro­
magnetic energy are rapidly developing, the result
being a greater distribution of more powerful radio­
technical devices and electronic apparatus with new
frequency ranges and generation patterns .

Simultaneously, the accelerated development of
telecommunications and the introduction of power
transmission lines cause systematic exposure of a sig­
nificant portion of the world population to electro­
magnetic radiation in the radiofrequency range. One
characteristic of this development is that the border
between occupational and nonoccupational irradia­
tion levels is becoming less pronounced.

Physical characteristics of electromagnetic
radiation

Intense experimental study of the biological effect of
electromagnetic fields in the radiofrequency range as
an occupational factor started from the investigation
of their thermal effects. It was pro ved that, when the
wavelength decreases, the thermogenous effect in-
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creases . Later, man y Soviet and other scientists con­
vincingly showed that intensities of electromagnetic
radiation that did not cause a thermal effect could
result in other significant biological effects . Such bio­
logical effects influence an organism's functional
activities unfavorably .

The effect of electromagnetic fields on an orga­
nism depends on such physical parameters as wave­
length, radiation intens ity, and irradiation ~attern

(continuous or impulse), as well as on duration of
exposure and the combined effect of other occupa­
tional environmental factors (eg, elevated air temper­
ature , X-ray radiation , etc). The extremely high fre­
quen cy (EHF) range is the most biologically active; it
is followed by the ultrahigh frequency (UHF) range .
The high frequency (HF) range is less active. Thus
the shorter the wavelength, the greater the biological
effect.

The pattern of generation - continuous or impulse
- plays a special role. Today, essentially , there is no
unanimous opinion on the effects of continuous
versus impulse irradiation on the organism. Some
scientist s are inclined to think that the interrupted
pattern is more favorable. Others, however, believe
that impulse irradiation may increase the effect of
the electromagnetic field.

Data on the combined effects of electromagnetic
radiation and other occupational factors are defi­
nitely of interest. These data enable scientists to
approach the assessment of the real hazard of work­
ers' occupational exposure to this factor. Thus, for
example, it has been determined that joint exposure
to electromagnetic radiation, an elevated air temper­
ature and soft X-ra y radiation causes a certain in­
crease in effect. The study of the combined effect of
EHF and soft X-ray radiation made it possible to de­
termine the dependence of the character of the biolog­
ical effect on the intensity of exposure. Thus, during
low-intensity exposure to X-ray and thermal radia­
tion, EHF if the main factor in the combination.

The mechanisms of the biological effects of elec­
tromagnetic radiation should be thoroughly ex­
plored. The activities of the International Committee
on Non -Ionizing Radiation (which is organized
within the framework of the International Commis­
sion on Radiological Protection) are very demonstra­
tive in this respect. The analysis of biological effects
caused by exposure to different types of nonionizing
rad iation is one of the tasks of this committee. It
should be stressed that, at present , the number of
countries and specialists investigating this problem is
increasing. In this connection the digest of w.o~ks

"Biological Effects and Dosimetry of ~on-I~mz~ng

Radiation" should be mentioned. Leading scientists
from the United States, Canada, and Western Eu­
rope took part in its publication. In this material
much attention is paid to theoretical problems - to
the analysis of the interaction between the energy of
electromagnetic radiation and substance.
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Biological effects of radiofrequency radiation

An anal ysis of numerous investigations on the deter­
mination of various aspects of the biomechanisms of
electromagnetic radiation makes possible the sugges­
tion that electromagnetic fields directly affect tissues
and organs. They also produce neurohumoral and
reflectory effects. The three mechanisms are prob­
ably equal, and the contribution of each is deter­
mined by several physical and biological parameters.

Lately the effect of electromagnetic waves on some
systems of an organism has become the center of
scientists' attention. It has been determined that, for
example, the depression of the function of the neo­
cortex is the most characteristic consequence of
chronic exposure to microwaves of nonthermo­
genous intensity. The changes in an electroen~~pha­

logram correspond to the depression of ~ondl~lO~al

(reflectory) activity of animals during the irradiation
process.

The immune system is plastic. It reacts quickly to
the weakest environmental changes , including elec­
tromagnetic fields of the nonionizing part of the
spectrum. A study of changes in the immune system,
determined as changes in phagocytic and bacteriocy­
tic blood function , during exposure to all radiowave
ranges of low intensity indicated that activation is
substituted by depression.

The condition of reproductive function is one of
the significant indicators of the biological effect of
electromagnetic radiation in the radiofrequency
range . Data on the high sensitivity of the reproduc­
tive system to radiowaves have been received.

Currently the genetic effect of electromagnetic
radiation and its effects on growth and development,
the hemopoietic system, and the cardiovascular sys­
tem as well as some other aspects of the biological
effects of electromagnetic radiation, are also act ively
being studied. .

Naturally knowledge of the biological mechamsms
is necessary for the successful prevention of their
unfavorable effects. It form s the basis for the effec­
tive struggle to combat them . That is particularly
why the biological effects of low-intensity irradiation
are under such intense research today. Such investiga­
tions make it possible to understand the pathogenic
essence of functional change s determined in clinical
examinations .

Rating the harmfulness of radiofrequency
radiation

Maximum permissible levels of radiowave irradiation
should be regarded as the main method to prevent the
unfavorable effects of both electromagnetic radia­
tion in the radio frequency range and other potential-
ly hazardous occupational factors. .

In the Soviet Union the hygienic regulation of
radiofrequency effects is based on the threshold of



the harmful effect of a factor with a coefficient of
hygienic accumulation as the criterion of harmful­
ness. The maximum permissible levels have been
determined for the whole radio frequency range on
the basis of a complex made up of hygienic, clinical,
and experimental studies. Moreover , as knowledge
about various mechanisms deepens and the basis of
the hygienic ratings becomes more accurate, the
existing standards are revised. Besides, the introduc­
tion of new frequency ranges and new radiation
regimes into industry creates a necessity for their
hygienic regulation . The threshold of a harmful ef­
fect occurs when a combination of rated parameters
causes changes in an organism, these changes are
characterized by the presence of one or more of the
following signs: (i) a qualitative reconstruction of
living processes, (ii) quantitative changes in living
processes exceeding the limits of physiological
norms, and (iii) changes in living processes which are
caused by cumulative effects of previous exposure
and the degree of which will exceed permissible quan­
titati ve limits if exposure continues.

Knowledge of biological effects and the emissions
of radiating devices, so-called radiobiology of non­
ionizing radiation, is the basis of modern hygienic
ratings of radiowave exposure . Determining the
quantitative connection between the emission and the
absorption of electromagnetic energy and examining
the distribution peculiarities of electromagnetic ra­
diation in different frequencies inside a biological
object with regard to the physical properties of the
object's tissues in relation to its form, geometric
dimensions, etc, is especially important. It is also sig­
nificant to determine the energy converted to other
types of energy in biological substratum and the
peculiarities of biophysical processes in relation to
the quantity of the absorbed energy. New informa­
tion on the peculiarities of absorption and the distri­
bution of energy in the biological system will greatly
facilitate the scientific substantiation of the prin­
ciples of extrapolating experimental data to man .

At present the evaluation and elaboration of
hygienic norms for electromagnetic radiation is
taking place in the field of occupational hygiene.
These norms make it possible to rate electromagnetic
radiation in relation to its exposure characteristics
(frequency range, intensity, duration), generation
pattern (continuous or impulse), and irradiation type
(whole-body or local, permanent or intermittent).
The possibility of the joint effect of electromagnetic
radiation and other unfavorable environmental fac­
tors is taken into account in these standards.

One more aspect of the hygienic rating should also
be considered. The results of clinical examinations
are very important for elaborating and evaluating
maximum permissible levels. Unfortunately, as yet,
there is no complete understanding among scientists
working in this field. There are certain differences
both in the interpretation of the clinical changes

caused by the exposure and the levels of irradiation
permitted by the standards of different countries (see
table 1). In my opinion it would be expedient to con­
duct epidemiologic studies in the form of special,
unified programs. These studies should be aimed at
establishing an objective classification of the clinical
manifestations of radiation effects and at investi­
gating the immediate and long-term effects of ex­
posure . Special attention should be paid to the con­
nection between such exposure and health changes.

It has already been stressed that sources of electro­
magnetic radiation can be dangerous not only for
workers, but also for the general population because
of the wide use of radio electronic devices in various
spheres of human activities. This use is characteristic
for practically all economically developed countries.
According to data from the Environmental Protec­
tion Agency in the United States, about 1 070 of the
world population is exposed to electromagnetic
radiation with an intensity of more than 1 p.W/ em",
Such a situation makes joint elaboration of the
problems of industrial and environmental hygiene a
necessity. Microwave electromagnetic fields of non­
thermal intensity are especially interesting for investi­
gation . It should be stressed that the problem of mi­
crowave radiation in relation to both biologically and
hygienically significant environmental factors is
being worked out rather actively. In these studies
attention has been paid primarily to the investigation
of biological effects and the assessment of the signifi­
cance of the reactions of the organism. Data on the
relationship between the biological effect of mi­
crowave radiation and its manifestation, duration,
and pattern of action are being used to establish
maximum permissible levels of exposure for the
general population. The genetic hazard of micro­
waves of nonthermal intensity is also being assessed.
Naturally, the results of such studies are very in­
teresting for occupational hygiene.

Biological effects of infrared and ultraviolet
radiation

Infrared and ultraviolet radiation also belongs to the
range of nonionizing radiation. It seems that the bio­
logical effect of these frequencies should already
have been well investigated. However, the introduc­
tion of new technological processes changes signifi­
cantly the conditions of exposure to such factors. It
results in the appearance of new and different combi­
nations, which modify the effects . For example, the
use of low-temperature plasma (15 000-20 OOO°C)
is connected with intense ultraviolet radiation. As has
been determined, ultraviolet radiation in the range
with a wavelength of 1 900-3000 A causes muta­
genic and carcinogenic effects. During the applica­
tion of low-temperature plasma , intense noise and
ultrasound appear, together with intense ultraviolet
radiation. Air ionization also takes place. The use of

225



Table 1. Comparative c~~racteristics of levels of micr~wave effects permitted in various countries. (MPL = maximum permis­
sible level , MPLum = ceiling level , PO = power density, ANSI = American Nat ional Standards Institute)

Country

Soviet Union

German Democratic
Republic

Bulgaria

Czechoslovakia

Poland

United States
(ANSI, 1982 C.95.1)

Holland

Great Britain
Federal Republic of
Germany
France

Canada

a f = frequency in megahertz.

Range of fre­
quencies (GHz)

0.3-300

0.3-300

0.3-300

0.3-300

0.3-300

0.3-1 .5
1.5-100

0.3-300

0.3-300

1-300

Irradiation
pattern

Continuous

Interru pted

Continuous

Interrupted

Continuous

Continuous

Interrupted

Any

Any

Any

Any

Maximum permissible level

PO = 200l/LW/cm2j

t(h)

PO = 2 OOOl/LW/cm2j
t(h)

MPLli m- l 000 p.W/cm 2

10 p.W/cm2-8 h
100 p.W/cm2-2 h

1 000 p.W/cm2-20 min

100 p.W/cm2-8 h
1 000 p.W/cm2-2 h

200 p.W/cm2/t(h)

80 p.W/cm2/t(h)

10 p.W/cm2-without time limit
200 p.W/cm2-8 h

From 200 p.W/cm2 to 10 mW/cm 2:
t(h) = 321(W/m2)2

100 p.W/cm2-without time limit
1 000 p.W/cm2-8 h
From 1 000 p.W/cm2 to 10 mW/cm 2:

t(h) = 800/(W/m2j2

f"/3oo
5 mW/cm 2-without time lim it

During intensities higher than
10 mW/cm2, dose, equal to
1 mW/cm 2 x h per every 0.1 h

10 mW/cm2-without time limit

5 mW/cm 2-without time lim it
During intensities from 10 mW/cm 2 to
25 mW/cm 2:

t(min) = 60/(mW/cm2j

electromagnetic radiation in the radio frequency
range and soft X-ray radiation are spreading. There­
fore further study and the prevention of the unfavor­
able effects of ultraviolet radiation, particularly in
combination with other occupational factors, are
necessary. The problems of setting hygienic stan­
dards with regard to possible mutagenic and carcino­
genic effects should also be considered .

Biological effects of laser radiation

Optic quantum generators and lasers form a com­
pletely new ecological problem. Other types of elec­
tromagnetic radiation of the whole specturm of fre­
quencies have been affecting living organisms
throughout evolution, but there is no analogue in
nature for laser radiation. Lasers were created only a
little more than 25 years ago, but their use and their
rate of introduction into industry are so very high
that, at present, it is difficult to enumerate those
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fields of science and technology in which lasers are
not or will not be applied. Metal processing, defec­
toscopy, geodesy, construction, biology, medicine,
control over chemical reactions, and thermonuclear
synthesis form a partial list of areas utilizing a
modern application of the laser ray. Naturally laser
radiation has been thoroughly assessed from the
point of view of possible unfavorable effects on
workers . Numerous epidemiologic and experimental
studies indicate that laser radiation is a biologically
active physical factor and can be dangerous for man.
What is important is that, during work with a source
of laser radiation, a complex of factors can influence
man . All the potentially hazardous factors can be
conditionally divided into two groups. The first
group comprises factors resulting from the work of
the laser itself. The degree of manifestation of such
factors depends on physical-technical parameters of
the source (direct laser radiation, impulse light
flashes, ultraviolet radiation, ozone and nitrogen



oxide, noise, soft X-ray radiation, electromagnetic
radiation in the radio frequency range , and toxic
fluids). The second group is formed from factors
resulting from the interaction between the laser ray
and the processed materials or the various elements
necessary for manipulating the laser ray (diffuse or
mirror reflection of laser radiation, air environ­
mental pollution with aerosols, electric fields of high
intensity, impulse light flashes, etc).

Rating the harmfulness of laser radiation

The prevention of the harmful effects of laser radia ­
tion on workers is closely connected with the study of
its biological effects. The eye is an organ that selec­
tively reacts to laser radiation. Recently, data on the
possibility of carcinogenic and mutagenic effects of
laser radiation appeared in the literature. In partic­
ular, in the works of American scientists, data appear
on the development of malignant tumors in scars
after skin burns. It was also determined that func­
tional changes of the central nervous system, the
cardiovascular system, the endocrine system, etc, can
develop in people working at laser installations, even
during exposure to laser radiation of low intensities.
Therefore, while taking hygienic measures, one must
also remember that the possibility of harmful effects
of laser energy is not all that should be accounted
for . Scientists should also bear in mind that this
factor is an inadequate irritator of the organism,
even at low intensities. Besides, there are data on the
increase of biological effects during combined ex­
posure with other occupational environmental fac­
tors.

Thus far definite success has been achieved in pro­
posing hygienic standards on laser radiation. Not
only has the influence of the various wavelengths, the

duration of exposure, various characteristics, and
periodicity been taken into account in respect to the
susceptibility of the visual organ, but also other bio­
logical effects (such as nonspecific changes appearing
in an organism as a result of radiation) are con­
sidered in these hygienic standards. In addition maxi­
mum permissible levels have been determined for
skin exposure. Thus the hygienic standards worked
out on the basis of the comprehensive study of the
character and mechanism of the biological effect of
nonionizing radiation are the most important part of
the system of measures protecting from its unfavor­
able effect. At the same time, the complex of protec­
tive measures providing safety for workers under oc­
cupat ional conditions is far broader.

Conclusions

The methods for approaching the hazardousness of
nonionizing radiation should be considered more
thoroughly. Not only should the procedures used to
assess the hazard of a factor be improved, but it is
also necessary to work out devices with which to
perform measurements in a wide range of frequencies
during various patterns of generation and exposure.
Also important are effective engineering and tech­
nical decisions, hygienic assessment of the sources of
nonionizing radiation during their design, and the
medical surveillance of workers' health. These
problems should be solved by occupational hygienic
institutions or engineering and technical inspections
organized to control work conditions.

In this report those aspects of the problem are
mentioned which demand the attention of the world
scientific community. Their solution will improve the
occupational and general environment and prevent
possible harmful effects on the health of people.
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