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DECREASE IN THE FUNCTIONAL ABILITIES OF THE HEART AS A RESm.T 
OF EXPOSURE OF AN ORGANISM TO AN ELECTROMAGNETIC FIELD OF 
INDUSTRIAL FREQUENCY 

--l--1----,v----,N----, PP 0141-0143 

(Article by E.V. Prokhvatilo, The Kiev NII [Scientific Research 
Institute] for General and Municipal Hygiene] 

(Text] At the present time, electromagnetic fields [EMP] of 
industrial frequency, created by high voltage power trans
mission lines have assumed important significance for hygiene 
as physical factors in the environment which affect man. This 
phenomenon is associated with the current rapid development of 
electroenergetics which requires continual raising of through
put capacity and increasing the range of power transmission 
lines. Presently, the overall distance covered by the high 
voltage lines in the Minenergo [Ministry of Energetics and 
Electrification] pow~r system is on the order of 450,000 kilo
meters. 

In addition, questions concerning the prissible biological effect 
of an EMP of industrial frequency with these intensities from 
power lines located close to populated areas have not been ex
amined. 

Investigators have determined that the intensity of the EMP de
pends on the intensity of the power transmission line; while 
concurrently, the distance from the terminal phase can vary 
from 100-16,000 V/m [Volts/meter]. 

In the literature, data have been presented which point to an 
influence of an EMP of industrial frequency on the cardio-vas
cular system. T.P. Asanova and co-authors (1963) described 
bradycardia and a propensity for it, and !ability of arterial 
blood pressure, mainly on the side of hypotension, in workers 
at electrical substations of 400-500 kV [kilovolts]. On the 
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basis of electrocardiographic data, N.V. Revnova (1968) noted 
disturbances in rate and rhythm of cardiac activity and indi
cations of myocardial infarctions. Bradycardia, a slowing of 
internal cardiac conduction an~ as suggested by N.N. Goncharova 
and co-authors (1972), general vascular. dystonia of a non-speci
fic character related to disturbances in autonomic nerve regu
lation have been observed in personnel servicing open control 
installations and power transmission lines. 

Disturbances in cardiac activity were observed in personnel 
servicing power transmission lines and substations, emitting 
significant levels of EMP intensities (16kV/m and higher). 

The present study was undertaken to derive an indepth descrip
tion of the character of cardiac activity changes resulting from 
exposure to low-intensity EMP of industrial frequency and to 
study the functional abilities of the heart during physical 
stress. In the experiment, the bioelectrical activity of the 
heart in rabbits was studied by electrocardiographic methods. 
The rabbits were divided into three groups according to the in
tensity [E] of the EMP to which the animal was exposed.(E:1000, 
500, and 100 V/m); a fourth group served as the control (E=O). 

An electrocardiogram was recorded with the electrocardiograph 
"Elekar" prior to EMP exposure (phon) and during exposure for 
a period of 15~ 30, 45, and 60 days. Thin steel needles were 
used as electrodes which were introduced subcutaneously on the 
dorsal side of the extremity, always in the same location. 

An orthostatic test was used to examine cardiac function; an 
electrocardiogram recording was taken with the animal in aver--· 
tical position for a period of 30 seconds. 

A chart proposed by L. F. Hurik (1971) was used to interpret th~ 
electrocardiogram. The results were evaluated in comparison 
with accoustical indices. 

By analysis of the data, the nature of specific changes in the 
activity of the cardiovascular apparatus of animals, exposed 
to an EMP of industrial frequency where E=lOOO V/m were explained. 
These data, in many respects, correlate with the observations of 
the above-mentioned authors. We observed a slowing in the rate 
of cardiac activity; a process which increases in proportion t6 
EMP exposure. If the frequency of cardiac contractiori in response 
to exposure was 291 ud/min [units/minutes] (given 296 ud/min as 
a control), then in a course of 30-60 days of exposure, cardiac 
contraction was definitely lowered to 266 ud/min (given 294 ud/ 
min as a control). 
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When E=l000 V/m, a decrease in the strength of the contraction 
process in the atrium (a decrease in the height of the P wave 
by two after 60 day exposure; P < 0. 01) and in the ventricles 
(a decrease in R wave voltage from 0.38 to 0.20 mV; P<0.001) 
was noted. 

The processes of vetricular regulation, reflected in the T wave 
and ST segment of the electrocardiogram, were shown to be par
ticularly sensitive to EMP exposure. During 30 days of expo
sure, the T wave was significantly lower than its initial size 
(0.08 mV against 0.10 mV; P 0.01). Toward the end of the ex
posure period, the Twas 60 percent of its former height, where
as during the course of the entire experiment, the T wave voi~ 
tage varied in the range of 0.08-0,09 mV in the untreated ani
mals. 

Changes in the height of the T wave were often accompanied by 
changes in its form (equilateral T with a sharp peak) as well 
as a shift in the ST segment below the isoelectric line. 

In a number of cases, disturbances in the relationship between 
the height of the electrocardiographic wave, perhaps connected 
with changes in the electrical axis of the heart, were observed 
(A.O. Saytanov, 1960). 

The use of orthostatic tests helps to demonstrate that the car
diovascular system of an organism when exposed to detrimental 
factors,such as an EMP of industrial frequency, exhibits consi
derably more impaired functional ability than ob9erved in a 
cardiovascular system of a.control organism, not subject to 
exposure. Thus, if the pulse rate of control animals after. 
physical stress was 22-32 percent with a decrease in P wave 
voltage--14-23 percent, R wave--14-29 percent, T wave-~2s~33 
percent, then,in animals exposed to an EMP (E=l000 V/m), these 
indices vary respectively in the ranges of 34-46 percent, 30 
percent, 39-72 percent, and 32-49 percent. 

·During the experiment, analysis of electrical impulses trans
mitted from the atrium to the ventricles (the PQ interval) and 
the length of the electrical systole for a given rate of cardiac 
activity (the systolic index) did not reveal any significant 
changes in the cardiat conduction system even. during conditions 
of.physical stress. During the course of the expericient, the 
length of the PQ interval in all the test and control animals 
varied in the range of 0.05-0.06 seconds, and the size of the 
systolic index was 73-82 percent. 

These changes in cardiac activity pertain only to animals ex-
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posed to an EMP with an intensity of 1000 Vm. In .other EMP in
tensities (500 and 100 Vm), similar changes were absent. 

Thus, an electromagnetic field of industrial frequency is bio-
-logically active in relationship to the cardiovascular system. 
Its impact causes a weakening of the force of myocardial con
traction. This weakening is especially pronounced during func
tional stress and perhaps is connected with electrical distur
bances (depolarization and repolarization), dystrophic processes, 
and insufficiency of the blood supply to the cardiac muscle. 

Thus, the widespread introduction of electromagnetic fields 
of industrial frequency in the environment,with its resulting 
biological impact, necessitates teh regulation of the above
mentioned factors for public health reasons. These data can 
be utilized as a basis for determining permissible levels of 
voltage intensity giveri off by electromagnetic fields of in
dustrial frequency in populated areas. 
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