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BIOLOGICAL EFFECT OF MILLIMETER RADICWAVES

Xiev VRACHEBNOYE DELO in Rusaian No 3, 1977 pp 116-119

‘{Article by N. P, Zalyubovskaya, Kaar 'kov Stientific Research Institute of
‘Microviology, Vaccines and Sersa imeni Mechnikov]

[Text]  Morpholeglcal, functional and biochemical studies conducted
in humans and animals revealed that millimeter waves caused
changes in the body manifested in structural alteratlons in
the skin and internal organs, qualitative and quantitative
changes of the blood and bone marvow composition and changes
of the conditioned reflex activily, {igsue respiration, ac-
tivity of enzymes participating in the processes of tissue
vespiration and nucleic metibolism, The degree of unfavor-
able effect of millimeter waves depended on the duration of
+he radistion and individual characteristics of the orgenism,

The ubiguitous propugation of vadicwaves, vadio hroadeasting and television
is contribuking to the appearance of o new physical Tactor -- electromagnetic
waves of the rudic~{requency range. 1n rocent years it has been established
that radiowuves of diflerent ranges have an unfavorable influence on the
orgenism, The literature data (A. G. Subbota, 1970; W. V. Tyegin, 1971; B.
A. Clhagthlovin, 1973; M. T. Yakovleva, 19735 Yu. D. Dumanskiy et al, 1975)
testify that long stay in eonditions of the effect of radiowaves {the dm and
cm ranges) leads to change of the Munctions of the nervous, cardiovascular
and other systems of the organism, with the development of « characteristic
complex of symptons which permit speaking of o special nosologicel form of
disease -- radiowave disease (M. W. Sadchikovu, 1973). However, in the 1lit-
eratwe there is glmost no information about the biclogical effect of radio
frequencies of the millimeter range, although that range is widely used in
techmology and the question of its biological activity has scquired special
WEENCY .

e goal of the present investigations consisted in study of the physiological
and biochemical processes lying st the basis of the changes which occur in
snimale as a result of the effect of radiowaves in the range of 5-8 mw, at

a density of the flow of power of L mil].jwatt/c:m“. The investigations were
conducted on rats of the Wistar line and wice of the CBA line, irradiated

for 195 minutes daily in tne courne of KO Jays in the volwne resonator of an
experimental installation working on Lhe bat of o type OV-12 generator.
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Study of the morphological, functionel and blochemical indicators, which
Play an esgential role in the Formation of reactions of the orgeanism, dis-
cloged various diesorders in the experimental anlmals.

As is known, the energy of willlmeter waves, because of its week penetrating
abllity, is absorbed primarily end mainly by the skin, Our investigations
have shown that in the skin of irradiated animals deformatian of the receptor
apparatus and well-expressed cheanges of a reactive character were obaerved,
In the skin leyer properly speaking appeared bunches of nerve fibers with
hypertrophy of a portion of the fiber and sections with W. In
the dermls, among the collagen fibers were small trunks ous thickness,
the neurel conductors of which were fragmented in separate cases, and pheno-
mena of demyelinization were observed in the surfece layers.

As the results of histomorphelogical anaelysis showed, in the functionally
actlve structures of tlssue of the myocardium, liver, kidneys and epléen
digorders of the hemodynamice were estsblished, with disruption of the per-
mesbillty of the vesicular membranes, the appearance of mlcronecroses and
subsequent tissue dystrophy. MWoreover, quelitative and quantitetive shifts
were revealed in the erythrocytlc and leukocytic composition of the blood of
irrediated animed s, indlcating suppression ¢f the hemopoietic functizm of the
bone marrow and ' jymphatic system. Noted in the composition of the red blood
was eosinophilia, neutrophilisa end lymphopenia, and lowering of the hemo-
globin level and reduction of the number of erythrocytes were observed, which
was determined to a considersble degree by the retention of srythrocytes in
the bone marrow, In the latter occurred un increase of the number of erythro-
blestic cells and decrecase of cells of the leukoblastic serlea.

Under the effect of millimeter 'waves of low dntensity the degree of affection
depends on the general conditlon of the organism and evidently is not so
great, as the observed disordera are in the main reversible,

A cheracteristic feature of The bicloglcal effect of radlowaves was changes

o1' the state of varlous sectlons of the central and vegetative nervous sys-
tema which involve directly or indirectly disordsrs of the prineipsl functions
of the orgenisms (M, I. Yukovlev, 1973).

Ag a result of investigations conducted by us on animals irradiated with milli-
meter waves, disorders of conditioned reflex activity have been established:
weakening of the stimulatory process, reductlon of the size of the latent
period in response to different conditioned stinumld (1ight, noise or pedn) end
disinhibition of differentiation reactions, Disorders of the stlmlatory and
inhibltory processes displayed in animals during the repeated effects of milli-
meter radlowaves cen be consldered suppression of the function of the central
nervous system, although the developed inhibition cen be linked with protectiver
compensatory reaction of the organlsm in responee to irradietion.

1n the blood pl aama of jrradiated animals the content of l7-oxycorticosteroida
in wased (22,64 # 2.18 mkg per 100 nl of plesma of the irrediated and 14,98
& 2,01 mkg of the unirradiated. Along with that, in the edrenal cortex of
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pater Lrradintend by wi 1L L wnyeen Lhe wiseorhiee meid Foewes ), dhetaprqned o,
e functionnl chunpes eatatlished dn Lhe canteal, ul’ .I‘e’—oc::' in the bloowd
plesma and of ascorbic acid in the adrenal cortes of irrsdiated animnls in-
dicate the influence of millimeter raliowaves on the central components of
the hy'pothalmrru:s-hypophy:: 8 systom -- the slrenal gleads with involvement

of @ nunber of humoral componen Ls.

The conducted investigations showed that in snimals subjected to the effect
of willimeter rediowaves there was o variation of the conte:ntvand ratio of
catecholamines: in the blood the concentration jnereased, in the hypothalamus
the sdrenaline content increased and the noradrenaline level dropped, in the
cerebral cortex there was a slight redistribution of catecholamines, in the
adrenal glandse the adrenaline content doubled and the noradrenaline level
dropped by 11% in comparison with that in unirradiated animals. The adren-
aline concentration in the adrenal glands remained elevated by 60% 10 days
after the irradiation ceased. The obtained results indicate well-expressed
changes of metabolisnm of catecholamines under the jnfluence of millimeter
waves both in the hormonal and in the sywpatuetic components of the sympath-
etlc-ndrenal system and also reflect chanpes of the functional activity of its
hormonal end mediator components. ;

The main mass of the energy in tissues and organs of animal organisms, as 1s
known, is releasecd during the biological oxidation of organic substances, in
which case the greater part off it is sccumilated in the form of macroergs.
e processes of vioepergetics, ccewrring mainly in the mitochondria with the
girect puarticipation of respirvatory enzymes which amccomplish the terminal
stuge of biological oxidation, are of universal impertance and assure the
funcbional activity of organs and btissues, the synthesis of proteins and
pueleic ncids, the formstion of sowe intermediate produchs of exchange, cte,

The conductad investigations showed that the irradiation of animals by milli-
meter waves coused clhiwiges of the processes of oxidative phosp‘norylation in
the liver, kidneys, heart and brain of the animals. The irradistion inhibited
the oxygen consumption rate by the mitochondria of those (}:rgmrs in the active
phosphorylating stute and slowed down the rate of respiration upon exhaustion
of the A'P. In the liver and kidneys of irradiated animais the intensity of
phosphorylation decreased by 6h%h, the values of the respiratory controls de~
creased by 206 aend 20% respectively sud the changes Were léss expressed in the
heart and brain.

] 1
The established disorders of the process of conjugate oxidative phosphoryla-
tion in the mitochondria of irradiated auimale testify to! suppression of
energy exchange und can be a result of changes oceurring in the electron trans-
port chain. The expressed hypothesis was confirmed by thé results of inves-
tigations of the activity of enzymes partici pating in the: processes of tissue
vegpiration. In the witochondria of the livers of jrradiated animals the
succinate dehydrogenasc activity increased by 34k and the eytochromoxidase
activity decreased by 7%, ‘Those data testify to destruckion of the cyto-
chrome chein. '
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Very essential in the system of enzymes of cell energy supply 1s the role

of the ATPases regulating the processes of formation and use of the energy
of macroergs (V. P. Skulachev, 1969). The conducted investigations revealed
in the mitochondria of the livers of irradiated animals an increase of ATPase
activity by 63% as compared with similar indicators for the unirradiated. In
that case in the liver and spleen of animals irradiated many times by milli-
meter waves there was a decrease of the content of adenylnucleotldes by 61
and 68% respectively.

Investigation of the influence of millimeter waves on the state of nucleic
exchange showed that in the liver, spleen, kidneys, lungs and heart there was
a reduction of the content,of nucleic acids and suppression of the rate of
L4cothymidine in DNA ond *MC-uridine in RWA. In a tomperison of the results
of quantitative determination of nucleic acids it was established that the
rate of inclusion of the predecessor in RNA and its content in the orgns
changes less than the DNA. The change of the nucleic aclds concentration was
more expressed in the liver, spleen and kidneys than in the heart and lungs.
Together with reduction of the nucleic acids content, the quantity of acld-
soluble products in the liver and spleen of irradiated animels increased by
35 and 43% snd the activity of ribonuclease and DNAase increased 50%.

Under the influence of radiowaves the protein spectrum of the blood serum
chenged (the albumin content decreased and the number of globullns increased,
which led to decrease of the value of the albwmin-globulin coefficient) nnd
the number of free smino aclds decreased by 22%. An indicator of the reduced
level of protein synthesis in the irrvadiated animals also was the established
reduction of the rate of inclusion of **C-methionine in proteins of the liver,
spleen, lymph nodes and thymus. The presented data testify to gubstantial
changes in the protein metabolism which cccur under the influence of multiple
irradiation of anlmals by millimeter radiowaves, Evidently the reduction of
of the general energy level occurring in the organism under the influence of
millimeter radiowaves had an effect on the formation of macroergs and caused
a suppression of all functions of the organism, including suppression of syn-
thetic processes but especially of nucleoprotein metabolism, which 1s very
energy-consuning,

The conducted experimental investigations were compared with observations of
the state of health of §7 persons working with generators of the millimeter
renge on the basgis of systematic condueting of biochemical analyses. The
obtained date confirmed the existence of an influence of radiowaves on the
state of metabolic processes in the organism, in particulaer, changes of the
indicutors of protein and carbohydrate metabolism were revealed and disturs
bances of the indicators of immuno-blological reactivity and of the blood
syslen were cstablished.

Ihuas the conducted investigations lmilcate high bhiologlcel activity and an
wufavorable influence of millimeter rodiowaves on the orgeanism, Tue express-
nens of the biologicel reactions increased with increase of the period of
Lresiation and depended on individual characteristics of the organism,
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EFFECT OF THE BARTH'S MAGNELIC FIELD ON SOME REGULATORY FUNCTIONS IN
HEALTHY PERSONS

Mosauw RKFERATIVNYX ZHURVAL, MEDTTSINGKAYA GEOGRAFITA in Russian No 3, 1976
Abutract No 3,36.36 dy K. Murav' yeva .

ﬁlrx}.‘] A physiol Ogj.ml.l-nuit.l'mma-l:-ical model and correlatioo analysis combine
with o determinal.ion of general paramelers were used to evaluate the effect i
af external physical ractors on the physiclogical jndices in healthy persons
angd Lo evaluate reteotroplic reactions. ‘The changes in regulatory functions
of mun in Ghe course of sdaptation Lo conditions o the Puropean North are
aspecinlly great in winter. A elose, nonlinear correlation was detected
between chappes 1o the earth's magnetic fleld and fluctuations in the
excreblon of 17-kebonberod Jdu pod weipghted mean skin temperalure. Table .
A
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liET..]'.OGEOMAGNETIC AND MEIBOROLOGLCAL FACTCRS IR THE PROCLESS OF ADAPTATION
IVNYY ZHURNAL, MEDTTSINSKAYA GEOG
36.35 vy K. Murav'yeva

Moscow REFERAT RAFIYA in Russian No 3, 1976
Abstract No 3.
']‘exﬂ YThe authors propose a prograu of research——entitled "pdaptation and
the Life-Support Systow' ==on human adaptetion o unfaverable nabural condi-
gious in the ares where the Baykal-Amur Railway is under construction. The
external factors that acl on the body are subdivided lnto adequate, cor-
responding to the pheuvgenotypie propevties af the body, and inadequate.
onse to external fpetors: adeptation

Adaptive resctions arise in resp

gyndrome and preakdowy of adaptution with Aifferent; putcomes . It is Bug-
pested thot mthematical models of the funetioning of the vody as a whole
or of its {ndividual systems be regavded B8 & standerd. The heliogec-
mebeorological factors ure =nOLE the constituents of the 11fe-support

gystem of the region. Climatic conditions in the ared of the Baykel-Amar
Hailway are inudequate lor people coming from the Buropean USER. The
echaracteristilcs of Lhe constituents of the metecrologlcal regine include
ealovlation of the means, their errors, standard deviations, end coefficlent
of variation. Phe weather complex 1¢ Judged elther by Osokin's formule or by
e Jr‘eﬁm-.,w-'hnhukf.»\' wethod. A comparison of weather evaluations with the
phys Lolopical runetions of individnal groups of pevple 15 used to construct
php,-::,‘:_nh‘agjca'].»mi,lmmtiuul models that could help Lo predict the health of the
peuple MVIng in the given reglon. It Lo ouggested that the following be
determined in avder ho detine the role of {ndividua), lactora in altering the

prysiologlenl funcbions ol the body: (1) "thresho)d" of force of a stimulus,
1.e., the mbwimud value of a factor that cauges o functional aeviation, and
(i4) time during which the functional deviation takes place after change

in the extevnnl ractor. Complete correlation analysls with algorith 18
(acuvording Lo Floihinskly) is wsed for the former. For the latter, 1.e-.,

to determine the relntionship bétween the physicel and phya.iological factors,
mulun) correlative fanellons are determined hetween the quantitles regarded
un 2 ergodic Procanees . re uf the ph_yaiologlcal-mthemt‘.tcal model made
1L pocalble tu ectablish the threshold values ot ench factor and the Time
Lntecvals of its petion. Analysis revealed the phyt:‘l.mogical parameters
Lhat clearly retypuil to change in the phy::i.cn“. tetors: wighted meao skin
Lenparahure, reie of blood flow, nnd wrinary exeretion of 17-ketosterolds .
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The most sensitive to Tluctuations of the meteorological factors are
humoral regulation, mental and emotional sphere, cardiovascular system,
water-salt homeostasls, and resplratory system. Use of the proposed
methods will be of value in predicting the health status of populations in
relation to the climate in partilcular regions.
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ARTERIAL PRESSURE AS RELATED TO CXPOSURE TO LOW-INTENSITY MICROWAVES AND

HIGH TEMPERATURE

Moscow GIGIYENA TRUDA T PROFESSTONAL'NYYE ZABOLEVANIYA in Russdlan No 2, 1977

pp 17-20

(Arcicle by M. N. gadchikova, K. V. Nilkonova, Ye. A. Depisova, G. V. Snegova,
K. N, L'vovskaya and V. A. Soldatova (Moscow), lnstitute of Industrial
Hyglene and Occupational Diseaseas, USSR Academy of Medical Sclences,

submitted 25 ¥eb 76]

was reported in numerous works of the 1950's and 1960's (Ye. V.

A, Orlova; N. V. Uspenskava) that there are
hemodynamic changes of a vagotonic nature, usually evaluated as specific
reactions of the organism to radlowaves. Vagotonic vegetovascular reactions
were demonstrated primarily with exposure to superhigh frequency (SIIF)
electromagnetic' fields of the order of hundreds of microwatts per sq cm to

a few milliwarts per sq cme. geveral authors (E. A. Drcgichina and M. N.
gadehikova; N. V. Tyagin; P. 1. Fofanov and others) observed asthenic (neuras-
rhenie) manifestations, vegetovascular changes related to increased excita-
bility of the sympathetic branch of the autonomic nervous system, and
1ability of arterial pressure with a tendency toward hypertensive or hypo=
rensive reactions in individuals exposed to SHF (micrownve) electromsgnetic
radiatvion for lLong periods of tlme. There are indicactlons of posaible
dovelopment of neuroc lreulary disorders of the hypertensive type under the
ynfluence of microwaves of up to hundreds of microwatts per sq cm in publica-
Llong of the last fuw years (C. G. Lysina; V. P, Medvedev; M. M. Sadchikova

and K. V. Nikonova, and others) .

[Text] It
Gembitskiy; N. A. Osipov; Al

ascular tonus in individuals

e to low intensiry microwaves. A total of 885
ectronic industries were submitted to a polyclinical
and 78 women) were in contact with micro-

nd 121 women) made up the control group.

‘hie objective of the present work was to study v

whose work involved cxposur
workers in the radio and el
examination; 353 people (275 men
wave sources and 532 people (411 men a
We analyzed the data of preliminary and periodic physicals on the basis of
putpatient charts. A total of 68 people were submitted to a comprehensive
workup in the hospital. The subjects ranged 1in age from 24 to 49 years.
Their occupations were as follows: adjusters, englneceus, technicians,

testers and [itter-electriclans. Two groups were disringuished, according to
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levels,
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Work t
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In both

enure of most
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of statistical reliability of Inecidence of deviations from normal, in the
dircction of elevation of systolic (P<0.001 and P<0.01l) and diastolic (¥ 0.01
and P<0.001) pressure. The arterial pressure elevation was of ten assoclated
with mild or moderate constriction of retinal arteris; retinal anglopathy
was observed in 16.5%2.8% of the cases, whereas in the 2d group no statis-
tically reliable changes in arterial pressure In the direction of elevation
were observed, with the exception of systollc pressure in women 40-49 years

of age.

Table 1. Indlces of arterisl pressure 1In workers dealing with mlcrowave
gources and in the control group

Arteyial pres

tats- ' o
?ical gystolic, at age of diastolic_at ape of
Group index | go_29 | s0—38 | 4010 | 2029 | 30-30 | <049
years years years year:s years years
Men X

Control n 100 1499 112 100 199 112

! M nag | uss | i2ro | e8| 708 | 70
=m 1,20 0,40 1,30 1,90 0,77 0,83

a 12,0 12,7 13,8 9,00 10,9 8,78

n qN 102 49 3l I 102 49

M 120.8 1248 135.5 76,1 79.6 87,0

1 =m 2,18 1,67 2,07 1.59 1,18 1,28
a 12,0 16,9 14,5 8,38 11,9 8,87
P <001 | <20,001 | Z0001 | <000 220001 | <0001

0 19 a6 28 19 46 28

M 14,5 18,3 118.4 68,0 724 76, 1.

2 o 4,16 1,63 4,36 1.98 1.66 2,16

" 17.6 12, 17,4 B.41 1,1 1.2

P 06 | 008 | 25006 | 005 | 005 0,05

Women

n’ 54 44 23 54 44 23

Control M 11,2 13,9 122,6 69,9 72,6 76,9
*m ), 44 2,67 4,87 1,19 1,54 2,21

o ) 1.8 18,2 8,66 10,1 10,4

r 1 28 W 19 28 a7

¥ 69.A 79,0

j 1.7

-I .(ivt-u". 4
RNt _ U VR
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re indices in the lst and 2d groups of men up to
evealed reliable changes in systolic and dilastolic
wure of 5 or more years. ' Pulse
Pressure esymmetry (20-30 mm) was
and with tenure of

40 years of age (Table 2) v
lst group with work te
ad within the normal raunge.
1y in a few men over 40 years of age
15-20 years, mainly during sympathoadrenal crises.

Table 2. Indices of arterial pressure as function of work tenure

Artexial oressure, un He

Tenuru.No
Group years |0F syskolle o dd .
I‘fﬂ!l‘,h Mtm I Mtm It
Control 209 116,5=1.70 \ 70,8::0,60 \
o 5 50 0,05 75,8 1,26 <0001
1 5.9 | &7 220,001 78,72 1,58 0,001
1014 | 17 0,001 R4T=313 <0,001
Io § 2 0,05 69,3%2,37 0,05
2 5—a | 26 0,05 70,02:2.02 <.0.05
J_m-_.n l 16 0,05 74.72,93 0,05

pressure ‘as function of worklng condltions

Arterial uvressune, fun He S
systolic __‘ disstolic

Table 3. Indices of arterial

work| No of

Group sec-| cases
tor | Mt m P Mtm £
control ‘_ﬂ—1_7;| 118,4:20,69 10.9g50.59 \
a 27 130.0= 2,21 <0,02 83.34:1,72 0,001
| B 17 jgaeads | <000 £5,0:2,09 <
Foq - .

Thus, changes dn arterdal pressure of Lhe hypertensive Lype were found 1in the
Ist group ol men exposed to microwaves af up to hundreds of microwatts per

sq cm, hlgh amblent temperature and nolse within the range of permissible
levelg (or long periods of time (5 or more years) and in women with long
tenure (10-20 years) of work invelving exposure to up Lo 10 pwatt/sq cm

e rowaves.

the rolu of noise in onset of hypertenslve states, we

the indices of arterial pressure in the lst group of

wen 30-49 years of age, who worked in either sccrtor (sectors a and b), as
relaved to working conditions. Individuals who worked in the finishing

phopr (seeLor a) ware exposed to microwaves, high ambient temporature aul

e lse; those engaged (o adjusting SHF unies (secroe b)Y weve expesed to Wl v
waves and hiph alr tempegature. Their tenure constituted 10-14 years.

in urder to detinue
analyzed (Table 3)

h
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; Analysis revealed statistically reliable differences in systolic and diastolic
pressure levels of workers in hoth sectors, as compared to the control group.
We failed to demonstrate differences in arterial pressure of individuals
working in the two sectors, SO that we could rule cut the tole of noise in
onset of arterial hypertension.

e ok
i

4-.‘!—:_—'-‘-
e

The obtained data indicate that future measures to improve working condlitions
should be implemented with due consideration of both the microwave and ocher
factors of the industrlal environment, and rhey must be considered when
evaluating the health status of workers.

L

Conclusions

> 1. Changes in arterial pressure of the hypertensive type develop 1in workers
of finishing shops of RS and adjustment sectors of SHF units under che
{nfluence of microwaves of up to hundreds of microwatts per sg cm and high
alr temperature.

5
=S

SR

]

5

2. The hypertensive states observed are related to work tenure and, apparently, :gy
the combined effcct of microwaves and heat. %2
3, bhen implementing protective measures and evaluating the health status aﬂﬁ
of workers, attention should be given to both low Inteaslty microwaves and f%ﬁ
other factors of the industrial environment. gk
St
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REACTIVITY OF BONE MARROW MEGAKARYOCYTES IN ALBTNO RATS EXPOSED 710
MICROWAVE LOW-INTENSIVE ELECTROMAGNETIC FIELD

Kiev TSTTOLOGIYA I GENEPIKA in Russisn No L, 1977 pp 2(-29

[Frticle by E. I. Obukhan, Scientific and Technical Institute of Ceneral
and Commungl Hygiene,

Zfex37 Upon exposing o organism to SHF fields several researchers dis-
covered impairments ol the blood coagulation system (l-h). In other works
widespread or 1localized hemorrhages in various argans (5,6) and thrombocy-
topoiesis of the peripheral blood (7,8) were noted. The changes that were
found were agpparently brought on not only by the direct effects of micro-
waves on Lhe bloud, bul also 4o a considerable degree by the morphologlcel
and funclional condition of thromboeyte-producing cells, i.e. megakaryocytes.
put Lor the mewnvime the peculiaritles of differentiaticn of bone warrow
megakaryocytes durlng irradiation of animals with electrnmagnetic energy

of the VHE band have not been clarified in literature.

Materials and Method. In order to study the reactivity of megakaryocytes

at various stuges of differentistion, for which morphological and functional
eriteria were chosen O indicaters (Thrombocytogenesis urder the activity

of ventimetric microwaves with 12.6 em wavelength), albino pubescent rats of
the Wistar strain vere irrdadiated by & 'Luch-54" generator . with irradlation
trequency of 2375 MHz., Two serids of test were mun single continuous
1rradistion with SHF enevgy at povwer density of 500 chm2 with six hours

ol exposition and jntermittent irradistion for 3, T and 10 days with micro-
waves with g power density of 50 group of animals wes exanined efter 16

and 24 hours, end 7 and 16 days, the second group after 3, b, 10 and 1h days.
The tests were repeated seven Llmes. The rabs were killed by means of dis-
placing the neck vertebrae. Bone marrow was aspirated from the thigh bones.
Smenre were prepared and stained Ly the Fannenheim method. Smears of bone
marrow from normal animali were stalned at the same time.

fesults of the Research and Discusslon. The most substantiol deviations
ol morphological and funcbional features of megekaryocytes (as compared with
the norm) were found in rots recelving a single irradqiation of VHF energy

1
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(500 uw/cmz). Thus, within 16 and 2b hours after cessation of the irradiation
the magjority of mature wepakaryocytes were in a state of thrombocytopoiesis
(Tig 1, see inset 1). In the control these megakaryocyles were complete.
Their nuclei, as a rule, were arranged eccentrically, the oxyphylic, some-
times polychromatophylic, cytoplasm was filled with thrombocytes, the whole-
ness of the cyloplasmic covering was destroyed, with thrombocytes frequently
arranged next to the maternal megakaryocytes. Large islets of thrombocytes,
territorially united by cybtoplasm, were often Tound in the snears, which
indicates they were Tormed Ly means of clasmatosis. Normelly such islets

are very rarcly observed. Some of the maturs megakaryocyles were broken

down within 16 and 24 hows and cessalion of the irradiation. The cytoplasm
of the disintegrating cells becomes oxyphylic and swollen. The nuclei are
pyenvtized, arranged eccentrically and removed from the cytoplasm. All
ensultg sbages of enucieation we observed: ki, 3 and 2 anuclear megakaryocytes.
Jowetimes the nucleus' exit is accompanied by ‘Llistering’ of the cytoplasm.
Under the effect of wicrowaves wilth power density of 500 uW/cm2 reinforced
(intensjve) thrombopuiesis apparently takes ﬂlace, accompenied by cellular
exhausbtion and a Losy of lile capacity. A megakaryocyle et the limit of
rexhauption' continues Lo produce thrombocytes pinched into the shape of
strands (Fig 2, see lnset 1). The cytoplasm, deprived ol a nucleus, 1s oxy-
rhylie with fine, vasopnile granular surface. In 7 and 16 deys after irradia-
sion the number of pabure megakaryocytes that are producing thrombocytes is
significantly reduced. Destructive forms were not found in 16 days. Mega-
karyocytes at various stages of differentiation do not differ morphologically
from their counterparts in the control.

An interesting aspect of megakaryocytopolesls under microwsave activity

(both series of tests) ic heightened megakaryocyte phagocytosis, most frequently
observed in the cose of single irradiation (500 uW/em2). Iymphocytes, normo-
tlagts, mature granuvliocytes and erythrocytes, often completely filling the
eell, are subjected to phagocytosis. The causes and significance of mega-
kxaryoccyte phagocytosis are unclear. It is possible that the microwaves in-
crease the permesbility of the megakaryocybes':cellular meubrane, facillitat-
inpg the influx of phugouytosls products. It 1s alsc pussible that the
conbenkts of absorbed cells are re-ubllized by the megakaryocytes so some
extent. A possible inter-relationship can be surmised between such phenomena
ws erucleation of pycnotized nucled that have exhausted their function,
phngoeytosis, re-~ubilization of thé nuclear materiul of phagocytosis products,
which a mature megakaryccyte in a state ot functional activity {throubo-
eybopoiesis) can meintain for some time. It is kuown that 'phagocytosis is

a stereobype reaction that is involved in the most diverse processes in the
eourse of en iilness' (9). It is entirely possible that under the effect of
U sone of the megukaryveyhes acguirve the characleristles of macrophades,
cupul Fing the disintesrating bote warrow cells. In the mwajority of cases,
nowever, Lhe products ol phegocytosis are completely normal. ecells. It
rollows that the 'megakaryocyte-mucrophage’ expianation is not exhaustlve:
Ll bioloplcal significance of megakaryophagocytosis is linked with more
profonnd intracellular translormations.

{
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A o result of irradiation (500 wW/em Jagaiust a background of intensifi-
cation of thrombocytopoiesis and mepekaryocytophagoeytosis gimultancous
{ntensitication of the proliferative activity of megakaryoblasts and that
oi megakaryoblosts and promegakaryoeyles occurs. The [requent appearance
of 3 and b poled mitoses of megakaryoblasts (fig 3, see 2und inset) and
islets of promegakaryocybtes (2-4) in each islct), closely touching the

vel lular membranes and chiefly distinguisehd by size (volume of cytoplasm,
nunber of nuclei), is observed withlun 16 to 2h bowrs after the effeet of
Lhe reacltor. Megakaryocyte islets are rarely found in the bone marrow of
healthy animals and as & rule consist of two, and only ih isolated cases,

i three ecells. It follows that the significant increase in the number of
2 and 3 cell groups and the frequent appearance of h-cell associations
in the marrow can only be explained by Lhe mulbtiplicatlon of promega-

2 karyocytes from their original forms under the direct influence of super
hi@;frequeuth'WIuﬁilcns. Inasmuch ws mitosis in pronegakaryocyte islets
has not been found by us, it can be assumzil that the Yosic method of
multlplication s amltobtic) the diverse size and structure of the cells in
each lslet contirms this.

Under the effect of a SHF field with intensity of 50 wi/em? (3, 7, 10
sessiony) the 'destructive changes of megakaryocytes are expreseed to a
leasser depree. Clasmatosis of the ecytoplasm and lysis of nuclei were
obnerved only in rats with hemhovaging in the boe marrow. Intensifice-
tion of the functional (thrombouytopoiesls) and proliferabive activity

of megakaryocytes au compared with the control correlates with the increase
of sessions of irradiation. It follows that the morphological and funetion-
n) characteristics of megakaryoecytes under the eftect of e SHF electro-
magnetic [ield of the indicated inlensities bear witness to the significant
yeackivity of the cellular elements of megaluryocylbopoiesis. Reinforced
Lhrombocybopoiesis and intensification of the proliferntive actlivity of
megakaryoblasis and promegakaryocytes should be assumed td factors of
compensatory significance; the reinforcement of megakaryocytophagoeytosis
is apparenlly ansocluted with changes of the biophysical and chenical
properties of the vells during Lhe process of 1rroediation, this phenomenon
enn bie compensubtory and adaptive.

Concluclons. Under condiblons of siugle (500 ui/en?) and intermittent
(50 wi/ae; 3, 7, 20 sessions) applicaiion of SIF energy (6 hours exposition)
some mepakaryocytes are destroyed; functional activity (thrbmbocytopoiesis)
. 1s reinforced as compared with the control with the greates expressiocn ip
the case of single application.

. Redintoveement of megokaryocytophagocytosis ocours at one and four days
uiler exposure Lo microvuves (all variatlons of the tests).

[heeositlention of the proliterative activity of megakaryoblasts and pro-
mepnkaryoeytes oceurs at i, 4, 7, th, and 16 dnys after cessation of SHF

wppidcations, which is evidence ol the compencabory and restorative processes
{n the mepakaryooytbopolesis system. :
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CONTRACTION FUNCTION OF TIE MYOCARDIUM IX PALIEWTS SUFFERING FROM RHEUMATOLD
ARTHRITIS WITH MICROWAVE THERAPY (ACCORDIKG TO POLYCARDIOGRAPHY DATA)

Moseow YOPROSY KURORTOLOGIT FIZIOTERAPTI I LECHTBNOY FIZICHESKOY KUL'TURY
in Musseian No 1, 1977 received by editors 11 May 75 pp 65-68

[K}ticle by P. I. Polutse, Dobromil'skiy Reyon Hospital, L'vovskays 0bla9§7

Lféxt7 The fact of the heart's jnvolvement in the pathological process in
Theumatold arthritis does not eveoke any doulit now (Ye. M. Tareyev; A. I.
Negterov and Ya. T. Sigidin; M. G. Astepenko et al.).

Microwvave therapy cccuples an important place among the physiotherapeutic
elfects used in the treatment of patients suffering from rheumatold arthri-
tis. However, the mechanism of sction of microwaves has not yet been clari-

fied definitively.

fccording to the data in the literature, the eontraction function of the
myocardiwn inproves under the effect of this factor (M. Yu. Alimova). At
the same time, microwaves have a negative effect on the cordiovascular Bys-—
tem, especially in individuals with heart pathology (A. M. Obrosov and co-
authors; F. D. Vasilenko).

We attempted to clarify the effect of microwaves in patients suffering from
rhewnatold arthritis on the contraction function of the myocardlum by means
of an analysle of the phase gtructure of the systole of the left ventricle.

A totel of 6% patilents (12 men and 53 women) were under observation. There
were O patients aged 15 to 19, 29 patients aged 20 to 29, and 28 patients
aged 30 to LO. AL W. Besterov's and M. G. Astapenko's classifications were
used during the diagnosis.

The srticular lorm of rheumatold arthritis predominated in 51 patients and
the articular-cardime form, in 1k patients. The exudative form was detected
in 13 patiente, the exudative-proliferative form, in W7 patients and the
rivrous form, in 5 patients. First degreec process activity oceurred in 18
patients, second degree, in 37 patients and third degrce, in 10 patients.
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The disease lasted from 1 to 5 years in 20 patients, from 6 to 10 years, in IJ,'
2l patierte and more than 10 years, in 12 patieunts. Patients complained f;i{;
about stiffness in jolnts in the morning (h8), unpleasent sensations in the 2 .
hesyt amves (31}, duil, sharply constricting puins behind the breastbone (27) i i W

and difficult breathing and heart veating (19). 1In 51 petients the Jolnts
were swollen slightly and in 9, diafigumred. Trophic changes in the skin
were detected in 25 petients and muscle hypotrophy, in 32 patirnts,

On X-ray photographs of joints osteoporosis of bony epiphyses pronounced to
a varying degree vas observed in 61 patients, stricture of Joint fissures
in 4B patieits, usurstion of Joint surfaces in 27 petients, subluxations in
? Joints end more in ¥ patients, and Joint uankylosls in 10 patients. TIn 17
patients the heart was diloted to the left up to 1.5 ¢m and in 22 patients
the heurt sounds were thudding. A gystolic apex murmur was detected in 19
patients and an accentuated second sound on a pulmonary artery, in 13 pa-
tients.

In 29 patienta ECC date indicated a disturbance in the intra-atrial end

{ntraventricular conduction and in 21 patients, & change in the end part
of the ventricular complex, primerlily in the torm of flattening and in-

version of the 'l wave.

A change in the protein formula of blood serum iv the form of ap and y-glob-
ulin wes noted in 52 patients, rise in the diphenylamine test indices, in U6
patients, rise in the untistreptolysin O titer, in 22 patients and the ex-
istence of C-reactive protein, in 53 patients,

mo clarify the effect of microvaves on the econtractility of the myocardium,
the patients were divided into 3 groups almost identical in the stage of .
disease nnd process sctivity., The first group included 22 patients, who S
along with drugs (pyrazolone and quinoline preparetions and palicylates) e )
received the effect of 20-10 watt microwaves. The second group included v
20 patients who received the same treatment, but the power of the micro-
wave effect was 50-T0 watts. The third group included 23 patients who
received only drugs. The foel of chronic inlection were disinfected in all
the patients and all received therapeutic physical training.

The Luch-58 epparatus was used for microwave Lherapy. In the preagence of
u lesion of interdigital Joints a cylindrical radiator of a 110 nm dismeter

waa used and 2 to Y Jointa were affected gimulteneously. In the presence of B
s symmetrical lesion in large Joints a rectangular rediator (300X90X90 em) S

wus uged. Procedures with a gap of 7 to 8 em lasting 10 to 20 min were per- C ok
formed in a day. The course of treatment consisted of 10 to 1l procedures. U %

Polycardiograns were recorded before the beginning and after the end of
‘reatment. The phase unalysis of the systole of the left ventricle wes
conducted according to Plumberg's method in V. L. Karpman's modification

T1965).
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For & comparison of the changes in the phase structure of the systole of

the left ventricle under the effect of comblued treatment 22 essentially

healthy people no older than ho, in whose anemnesis there were no indica-
tions of previous diseases of the cardiovascular system, were examined.

When the average length of the phases of the systole of the left ventricle
and interphase indices vere compared, the rollowlng differences from the
group of healthy individuals were detected in all the groups of patlents
before the treatment: lengthening of the period of tension due to both its
constituent phases, ghortening of the phase of expulsion end loverlng of

Blumberg's mechanical coefficient, the intrasystolic index, the initial rate TN
of increase in intraventriculer pressure snd the average rate of ventriculer o
emptying (see table). At the same time, a direct relationship between the 2839
activity of rheumatoid arthritis and phase changes in the heart activity wes L

]

noted. ]

After treatment a positive dynamicn of ECG indicators was observed--prim-
arily in the form of improvement In the intra-atrial and intraventriculer
conduction and lncrease in the voltage of the I wave (in 1 patients of the
first group, in L patients of the gpecond group and in 19 patients of the
third group). Deterioration of ECG data wes noted in 6 patlents of the oec-
ond group: depression of the T wave and reduction in the voltuge of the QRS
complex.

During an analysis of the phase gtructure of tlie systole of the left ventrl-
cle shortening of the period of tension was noted in 17 patients of the first s el
group and in 11 patients of the third group, lengthening of the period of .
expulsion in 19 and § patiente respectively and increase in the mechanical 3 o
coefficient mnd intrasystolic index in 17 end 13 petients yenpectively. These Cg
changes indlcate n ravorable effect of low power microwaves on the contract-
111ty of the myocardium. At the seme time, lengthening of the period of ten- .ot
sion in 18 patients and shortening of the period of expulsion in 16 patients b
(as compered with initial values) was noted in the pecond group after micro- =
wave therapy, vhich indicates a reduction in the contractility of the myo- y
cardium,

The initial rate of increase in intraventricular pressure and the averege
rate of ventricular emptying ore of great importance for Judging the con-
tractility of the myocardium (v. L. Karpman, 1970). Under the effect of
treatment these indices reached normal values in patients of the first and
third group. In patients of the second group they were lowered, which in-
directly indicates an unfavorable effect of high-power microwaves on the
cardiac muscle.

Thus, disturbances in the contractility of the myocardium in petients were
leveled under the effect of combiued therapy with an inclusion of low power

microwaves. Thie should be taken into conalderation when prescriving micro- E L%
wave therapy, especielly to patients with a vigceral form of rheumatold sr- yfms
L3

thritis with a predominant heart lesion.
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Key:

1. Indicator 13. Period of expulsion
2, Group of patienta 1k, Mechanical sysatole
3. First 15, Genersal systole
4, Second 16, Diastole
5, Third 17. Seconds
6. lHealthy 18, Blumberg's mechaniesl coefficient
7. Before treatment 19. Intrasystollc index, %
B8, After treatment 20. Index of myocardial tension, %
9. Cardiac cycle 21, Inltial rate of increase in intra-
10. Phase of asynchronous con- ventricular pressure, mm Hg/s
traction 22. Average rate of ventricular
11. Fhase of isometric con- ~ emptying, ml/s
traction 23, Time of expulsion of minute
12. Period of tension volune, 8
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EFFECP OF DIFFERENT SUF PENERGY LEVELS ON I'HE FUNCTIONAL STATE OF THE BODY
Moscow VRACHEBNOYE DELO in Russian No 12, }976 pp 113-i16

[prticle by Prof M. G. Shandala and Cand Med Sci M. I. Rudnev and §. I,
Nozdrachev, Kiev Institute of General and Communal Hygiene imeni A. N.
Marzeyev)

|Text] Research by hygienists showed that iunsignificant quantitative
expression of a certaiu unfavorable factor that does not produce clinical
manifestations of disease often promotes development of so-called nonspecific
reactions. The reason research is urgently needed on various aspects of

the biological action of low intensity stimuli is chat effects such as

these are especially typical of modern environmental conditions.

The goal of the prosent paper is to reveal specific features in reactions

of the body depending on SHF [superhigh frequency} enerjy power flux density
(PrD) and dose distribution with respect to time. In addition we were

also interested in determining the intensity of the body's reactions in
animals irradiated by different SHF field PFD while experiencing a functional

ﬂ?_:
z

%

5

load in an altitude chamber. yﬁcg
‘ﬁ;iﬂ

Selecting the research methods with a considideration for published data ﬁé}

(3} and the probable mechanism of action of SHE energy, we tried to study
indlices which reflect the functional state of the body--biocelectric activity
of the brain and heart, respiration frequency, intratiusue circulation rate, . :-'éh
intratissue temperature, tissve oxygen tension, and gome water-salt metabolism R0y
data. A LUCh-58 generator was the source of centimeter-band SHE energy.

AET e

Moreover, considering that the reactions of a healthy and an ‘ill body to
the same e¢ffect have important significance to evaluation of harmful
environmental factors, in our research we medeled the most frequently
encountercd pathological state--hypertension——in rats, and we took account
of the indices of two animal age groups--sexually mature and sexually
imnmature.

A functional load--hypoxic hypoxia, created in an altitude chamber—-was
used to reveal latent effects of the action of SHF energy on the body.
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The animals were "raised" to an altitude of 8 km and maintained "there"
for 20 minutes. Readings. were taken prior to “agcent," at 3, 6, and 8

km altitudes, and then after 5, 10, 15, and 20 minutes at this altitude;
readings were subsequently taken during "descent," at 6, 3, and O km, and
upon recovery, after 5 and 10 minutes.

The experiments were conducted on rats and rabbits. The rabbits were
divided into seven groups: j--Control (intact animals}, 2-—animals
jrradiated by SHF energy with a PFD of 500 ww/em® for 7 hours, and groups

3, 4, 5, and 7--animals irradiated by an SHF Field with a PFD Of 50 pw/cm?
for 10 days, 7 hours per day. Among these, group 3 contained mature animals
and group 4 contained immature animals; group 5 was subjected to analysis

1 month after irradiation was terminated; group 7 contained animals in which
renal hypertension was reproduced; group & contained anjimals with renal
hypertension not subjected to irradiation.

There were two groups of rabbits. Group l--control (intact), and group 2--
jrradiated by SHF enexrqgy with a PFD of 500 uw/cm2 for 7 hours.

Each grouy contained 10 animals. Weights were 220-250 gm for adult rats,
®4o-100 gm for immature rats, and 2.8-3.0 kg for rabbits.

Cerebral biopoteontials were recorded from rats by ncedle electrodes implanted
subcutaneously above khe visual and motor areas of bhe brain with a spacing
of 1 c¢m between them. Cerebral biocurrents were recorded from rabbits in

the sawme way as from rats, except that the spacing between electrodes was

2 em. The electroencephalograms were recorded by a 4EEG-3 ink~recording
encephalograph. This instrument flso recordéd electrocardiograms and
respiration freguency.

Intratissue circulation rate was determined with differential thermocouples.
oxygen tension in the tissues was recoxrded polarographically with exposed
platinum electrodes. A TPEM-1 electronic thermometer was used to determine
animal tissue temperature.

anong indices of water-salt metabolism, we considered daily diuresis,
specific weight, concentration of hydrxogen ions, titrational acidity,
sngar, protein, chlaride concentration, and the total chloride quantity
in urine.

fhe rascarch established that different body functions reacted in different
ways to the selocted factors. Imposition of a hypoxic load upon the animals
porailted ag Lo obtain additional data indicating specific features in

the changes in functional indices during the period of recovery after
irradiation.

We recorded differences in the functional parameters of the animals depending
on Llie PFD of the SHF energy and the exposure time. Thus the experimental
results indicate that hody reactions oxhibit changes of greater significance
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in response to single irradiation (PFD of 500 uw/cmz tor 7 hours) than in
raesponse Lo fractional irradiation (PFD of 50 yw/cm?, 7 hours a day for

10 days). These changes manifestcd themselves as more highly pronounced
inhibition of hemodynamics, water-salt metaholism, and cerebral bigelectric
activity.

An analysis of the research showed that the most significant changes in
intratissue temperature were recorded from animals irradiated by an SHF
field with a PED of 500 pw/cm® for 7 hours (up to 33.0°c, P<0.05), and
from animals with roproduced renal hypertension irradiated by a PFD of
50 uw/cm2 for 10 days, 7 hours per day, while experiencing the dynamics
of a hypoxic load (34.3°C, p<0,05). The reductionsin the intratissue
temperature of the animals indicate a corresponding change in the bhody's
energy processes.

Phe most highly prcnounced changes in Erequency of respiratory movements

in response to an SHF field were noted among animals with renal hypertension;
after heing irradiated by a PFD of 50 uw/cm2 for 10 days their respiration
frequency increased by 1.5 times over the contral level (P<0.05). Simul-
tancously we observed faster respiration by animals after irradiation by

a PFD of 500 pw/em? for 7 hours and by a PFD of 50 ww/cm? for 10 days,

7 hours per day (group 3).

As a way of compensation, the frequency of cardiac contractions in rats
experiencing a hypoxic load increased until an altitude of 6 km was reached,
aft-er which the frequency was ohserved to decliung. The most drastic changes
in cardiac contraction frequency vere noted among animals irradiated by an
SHF field with a PFD of 500 uw/cm2 for 7 hours, and among irradlated animals
gutfering reproduced renal hypertension.

Published data also indicate a dependence of the extent to which cardiac
activity changes are pronounced on the wave band and irradiation conditions
£1,2).

Oxygen tension in the tissues  of experimental animals subjected to irradiation

by SHI' encxqy increasod over the control level. Thus when rats were irradiated
by a PFD of 500 uw/cm? for 7 hours (group 2) the oxygen tension in the tissues

was 68.2 mm Hg, which exceeded the pO, of intact animals by a factor of

two (P<0.05). After animale were irradiated by an sl field with a PFD of

50 pw/bm“ for 10 days, 7 hours pex day (group 3), once again the pO, increased

to 61.3 mm lg, significantly above the control level (P<0.05).

The Lissue oxygen tonsion of rats normalizes 30 days after irradiation

(group 5). |

Oxygon tunsion in animals with experimental hypertension (group 6) was

46 mn g, which was significantly ditferent from control. When rats suffering
hypertension were irradiated by a dose of 50 uw/cm2 fur 10 days, 7 hours

per day (group 7). the po, increasad even more (P<0.05). These data
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indicate differences in the reactions of an ill pody and a healthy body
to SHF field exposure.

The rate of intratissue circulation changes in response to SHF energy
exposure, but significant differences were noted only in group 7. We
should note that when hypoxia induced by an altitude charber is employed,
the intratissue circulation rate decreases more slowly in irradiated
animals than in control animals.

Changes in relation Lo control were noted in the QRS complex of electro-
cardiograms recorded from animals in groups 2, 3, 4, and 7.

On analyzing cerebral bioelectric activity we revealed bhe most significant
changes in animals of groups 2, 3, 4, and 7 (P<0.03) . cerebral biopotential
amplitude increasged somewhat in response to an SHYF field, while frequency
decreased. 'These deviations from control exhibited in the nlectroencephalo-
grams of experimental rats were revealed during a functional load in the
presenze of hypoxic hypoxia (8 ki, 20 minutes). They were most highly
pronounced among animals in group 2 (500 uw/cmz, 97 hours).

pata obtained on :he effect of an SHF electromagnetic field on kidney
function and water-salt metabolism indicated that daily diuresis, chloride
elimination, and the acid-base balance are the most sensitive. The SHE
energy PFD we worked with (50 and 500 nw/cmzj have an inhibitory effect
upon the water and salt eliminating function of the kidneys and upon
excretion of free hydrogen ions. In addition to guantitative changes in
these indices, we noted certain qualitative differences (arisal of moderate
albuminuria) as the dose was increased. fThe quantitative and some qualitative:
changes in kidnoy function and water-salt metabolism are directly dependent
upon the intensity of SHF radiation: The higher the PFD, the more highly
pronounced are the functional changes.

All changes in the condition of the kidneys and in water-salt metabolism
in response to an SHF field were reversible in our experiments, normaliza-
tjon occurring 30 days after irradiation was terminated.

On snalyzing the effect of an SHF field on functional indices of the bodies
of rabbits we found that these changes were unidivectional, similar to the
situation we revealed in rats. However, the extent to which the changes
wore pronounced and the extent of their recovery were somewhat different
depending on the animal species. The acquired data indicate general
biological laws governing reactions of the bodies of different animal
specices to the effect of SHF energy. This provides the grounds for
hypothesizing that the mechanism of action of SHF enexgy is comparable

in difforent animal species.

fhe results of research on animals exposed to SHF energy permits the
assertion that there is a significant decline in intratissue temperature,
a doecrease in the frequency of cerebral biopotential oecillations, an
increase iu tissue oxygen tension, and a rise in respiration frequency.
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Application of a functional load--hypoxia--permitted us to additionally
reveal functional changes ;in the body in response to dynamic external
factors.

pracing the changes in body indices depending on dose and time of exposure
to SHF energy appeared interesting. In our research we compared these
indices among animals irradiated by PFD of 50 and 500 uw/cmz. Comparison
of these data established that significant changes occur in indices describing
intratissue temperature, the frequency of carvdiac contractions and respiratory
movements, tissue oxygen tension, and cerebral bioelectric activity when a
L functional load is employed. Changes cf greater significance were revealed
in animals subjected to a single exposure of SUF energy with a PFD of
500 uw/c:m2 (group 2), as compared to changes experienced in response to
irradiation by a PFD of 50 uw/cm2 10 times (group 3).

On comparing data obtained from intact animals with data from animals in
which renal hypertension was modeled, we revealed significant differences
in the freguency of respiratory movements and cardiac contractions, tisasue
oxygen tension, and carebral biocelectric activity.

Analyeis of the recovery period following exposure to SIF energy demonstrated
that the principal indices of the irradiated animals returned to controel
levels 30 days after jrradiation (PFD of 50 uw/cm2]1 when a functionel

load was employed we also recorded some differences in these indices, which
indirectly attests fto incomplete recovery of physiological functions during
this period.

and so, the biological effect of the actlion of SHE enexgy was recorded in

acme indices describing hemodynamics, cerebral hiocelectric activity, the ?1
cardiovascular system, the resplratory organs, thermoregulation; and water- ia
salt metabolism. We were able to astablish specific features in the reac= P
tions of a healthy body and an {11 body dependent upon age, and to reveal ﬁg
the general laws governing hiologlcal action of SHF enexrgy upon differeant " g%
anlmal species. lﬁé
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FIELDS
Moscow GLGIYENA [ SANITARIYA in Russian No 4, 1977 pp 18-21

lArticle by T. P. Kozyarin, Prof R. D. Cabovich and V. M. Popovich,
submiteed 7 Sep 76]) !

[Text] Experimental studies were conducted at the Kiev Scientific Research
lnsticute of General and Municipal Hygiene for the purpose of hyglenic
evaluation of electromagnetlc fields of industrial frequency:(EMTFIF) in
populated areas; it was Found that the threshold level of EMEIF is 2 kV/m
in the case of constant 24-hour operation aver a 4-month period, and it is
0.5 kV/m when inactive. At the same time our interviews revéaled that
different groups of people, who either perform different typés of work 1in
the area where there are power lines [ur transmission] or who - travel under
them, can be exposed daily to rachce latensive EMFIF hut nore briefly,
usually from 10-15 min to 2 h per day.

In view of the foregoing, we made an experimental study on anlmals of the
distinctive features of biological effects of EMFTF varying in voltage, in
the case of brief daily exposure. We subwit here the results of studies
conducted with 2-h exposure.

This study was pursued on 200 white male ratg, whlch were put in special
coges with o simulated clectric ficld of 50 Hz [requency gererated by NOM-10
Leansformers,  The flrst group of andmals served as a contrel. :The rats in
the 2d proup were exposad to flelds of 1 k¥/m TFor 2 h daily for 4 months;
the 3d proup to flelds or 2 kV/m, 3d to 4 kV/m, 5ch Lo 7 kV/im and 6th to

1% kV/m dally, for the same period of time. {

“he Table summarizes the results of studies conducted at the end of the ex-
periment; we have submitted mainly indices with respect to which a marked

qud reliable difference was demonstrated between the cuntrnl’aa4 experimencal
proups of animals. In the course of the experiments, we failed to record
signs of deviatlons in behavioral reactlons of experimental groups of animals
is compared to the control, but voward the end of the experiment, we observed
gowe change in color of pelage, which also developed small areas of alopecla,

e
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in the fifth and sixth groups of animals, as well os a reliable decrease
in welght gain and efficiency (shorter vime of swimming with a load cor-
responding to 10% of body weight) .

indices of anlmals' condition toward the end of che experiment

lsuatinl . Anigy] groups
Index :BJ.CB.], lst 24 3d 4th 5th 6th
. Ii"dexigonrrnlllyijHU}m 4 kY u&]ik!hn
M 295,2 2805,3 270,3 283,3 261,6 253,9*
Animals welight, g xm 10,7 1,5 14,0 (1N 10,1 10,7
Swimming test. min M G.8 6,5 7.3 6,6 3,9° 4,4°
*=m 0,4 0,9 0,9 12 0,3 0,9
Covrelation between
chronaxia of anta- .
ronlst muscles M 1.9 1.6 1,6 1,6 0,5* 0,4*
iexcens rs Lo =m 0,2 0,2 0,2 0,1 0,08 0,04
lexors
M 1.7 11,2 1,7 12,0 17,3* 19,1°
T?rashnl% summa tion = 0.5 0.3 0.5 0.4 0.2 - 041
Index,
hol inesterase M 10,8 127.3 128,6 1986 | 1348 150,2¢
Higog gto,l eyterasy s 23 60 58 54 b o
1 mx}mYn
Mraxdmum tadloiodine
uptake by thyrold, M 39,4 62,7 55,2 52.4 19,8° 17,2*
% X 3.6 2,2 2,6 2.8 1.9 3,
o BVt M 77.5 81,3 83,3 80,7 85,6 86,7¢
Blz;d glucone level, ol s o 10 29 i 20
Blood residoal . . M 24,8 25,3 26,7 262 28,2° 30,3
Jltood residual nitro- = m 0.9 1.6 12 1.0 09 1.
pen level, ng?
M 29,7 30,7 KRR KERY 39,8* 40,9°
Blood wuvea, mg4 RE 1.8 1,8 2.4 2.1 1,6 2,1

*P<0.05.

Gtudles of physlcal condlition of peryonnel servicing hiph-tenslon substatlons,
pursued at the All-Unteon Seientific Research Institute of Labor Safery,
revealed that individuals whose wotk fnvolved exposure to UMFIF prescoted,
Frst of all, changes veferable to functlonal state of the nerveus system,
Lo which we devoted specla) atteotlon.

With reference to indices of functloval state of Lhe nervous system, the
carliest changes (In the Sth and 6th gproups of vats, after the end of rhe
15t month of exposure) were referable to the threshold summation Index and
latency period of the reflex. The some animals presented a reliable
decrease of thu ratio between chronaxia of antagonls muscles of the crus
{see Table). These changes were demonstrable after che end of the 2d month
(6th group) and 3d month (5th group) of exposure, and they progressed
thereafter. At firsc, the decline of ratio between muscular chronaxla was
roforable moiniy to an increase do chronaxia of flexors. Then, along with

k!
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mereased chronaxia of flexors, we recorded a decrease thereof ln extensors,
which resulted in lowering the ratio index. In the opinion of Lapilcque (the
author of chronaxia theory), the differcnces {n levels of antagonist chronaxia
ohserved under normal conditions are determined by the Influence of the

nuclel rubri of the brain, the “subordination centers.' For this reason,

it may be assumed that the changes we demanstrated fu chronaxia, 1n the 5th
apd 6th groups of rats, are related to weakening of subordimating influence

of the central nerveous system on the periphery.

On the whole, the nervous Systewm changes describad In experimental animals
are indicative of Llmpairment of dymamic equilibrium between excitatory and
inhibltory processes in the cerebral cortex, with predominance of the

latter.

activity in animals of the S5th and 6th

The increased blooed cholinesterase
homeostasls, which imple-

groups may he indicative of impailved biochewical
ments stability of nervous processes.

A study of chyrold function revealed that, starting iu the 3d experimental
monlh, there was some depresslon of thycold funcrion in the Sth and 6th
groups of animals, As indicaed by decline of maximum uptake of VIl (see
Table). Conseyuently, neuroendoerine regulation of the organtsm also

s under the prolonged influcnce of EMVIF. Thie alwo

th partlcular, we obrerved

Tevels Lo the blood of

undergoes change
Al fected metabolle processes Lo some oxtent.

clovation of resldual nivrogen, ured and glucose
aniwals exposed to 7 and L5 kV/m EMFIT.

the increased activity of hlood lactate and succluate dehydrogenases and
elevation of parameters of respiration and phosphorylation of liver mito-
chondria, which was observed with 7 and 15 kV/m fields, is indicative of
the effect of the factor under study on energy metabolism. It was also
noted that the respiratory chaln of liver mitochondria phosphorulated less
ADP than in the control, in the case of utillzation of succipnate and G-
ketoplutarate. Evidenlly, EMFIF have the capacity to injure rhe mitochondrial
and endoplasmic membranes. In peripheral blood, enly a reljable decrease in
raticulocytes was demonstrable in the 6th group of animals after the 2d and
ad month of exposure Lo EMPIF, after which there wis gradual, normallzation.
We Fadled Lo dempnstrace appreclable changes fa indices of nonspecific
fampunity L experimencal proups of anfmals.

Ar Lhe cend of the experiment, the BLh group of animals presented a reliable
inerease Jn ascorhic aeld Jevel of the adrenals, as well as in relatlve
weldpht of thu testes, which revealed dystrophle and destructive changes 1o
volle ol Lhe spermitogenfe epitheliom and fnrterstltinl tilssue.

The Fipure Lllustroates Jovels of some trace elewents in the liver (the most
impurtant recervoic of trace clements). We sec Lhat even exposure to & kv/m
leads vo a rellable depletion of 1ron, copper aud malybdenum, the metabolism
of which Is clesely interrelaved. A reliable decrease jin iron level in the

liver, as well as & uumber of other organs (brain, bones, atc.) was

2k
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demonstrated even in the 2d group of animals exposed to 1 kV/m filelds;
however, in this instance we failed to observe changes in iron level of
blood, which was indicative of possihle presecvation of howeostasis under
these conditlons.

ab ¢ de

Trace element content of Liver alter 4-mouth exposure of aplwals to

EMFIT
AY copper (ug#) a) control ) 4 kV/n
B) iron (mg#%) b) 1 kV/a e) 7 kV/m
C) molybdenum (ug# ¢) 2 kV/m {) 15 kV/m

All of the described changes were roversible and they disappeared within
30-45 days after discontinuing Llrradiatlnn.

The results of these experimental studies on animals indicate that, accord-
iug to most parameters, the threshold level of field voltage is 7 kV/m and
subliminal Llevel s 3-7 kV/m. TFor this veason, we supplemented this study
with obgervatlons of 10 volunteers who remained in a 5 kV/m electric fleld
for 2 h dally for L wonth; the fleld wis penerated by a superhigh-voltage
330 kV power Uine under natural conditlontk.  These dynamic abservations
(Jabtlity of nervous procesacs of the central nervouy aystem studied on

the basts of volwne of aperational wmemory and capaclty For concentratlon,
bloelectrie activity of the cerebral cortex, dynamomevry, examination of
autunomic nervous system, cardlovascular syatem according to ERG with
measured physical load; study of some aspects of metabolic processes by
assuying blood glucose, residual nitrogen and urea; study of indices of
nonspecific immunity by assaying titer of complement and lysozyme; overall
bacrericidal properties of blood serum) falled to demoustrate appreciable
changes, as comparod to background data. The volunteers made no complalnts
throughout the obsecvation period,

Conclusions

1. Superligh tension power lines of 330, 500, 750 kV or more are linear

| sources ol low-frequency electromagnetic Fields in populated areas, around
. which the BMETF ceaches a level of L2-17 kV/m, and therce are some groups of
prople who could be exposed to it for 10-15 min to 2 h.
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2. Daily (2 n) expose to EMFIF for 4 months, with fields of 7 and 15 kV/m,
elicits adverse changes in experimenta] vats, which are referable to body
welght, etficiency, threshold summation index, latency period of reflex,
ratio berween chronaxia of antagonist musicles, blnod cholinesterase activity,
blood urea, residual nitrogen and glucose content, chyroid function, composi-
tion of peripheral blood, state of energy metabolism, balance and inter-
organic distribution of trace elements and morphology of internal organs,

3. Expusure of white rats to EMFIF leads to a significant change in balance
and distribution of trice elements Lu the organs, and their levels rige

with lnerease in field tension, so that this is a rather sensitive criterion
uf the effects of this factor.,

4. The results of our experimental investipations revealced that 7 kV/m 1g
the threshold voltage (acuurding to most indices) in the case of 2-h exposure
and 4 kV/in is the subliminal leve]., Observations of volunteers revealed

that exposure to 5 kV/m eliclis no changes. By virtue of all of the fare-
polng, a fivld Jevel of 5 k¥/m can be recommended as the maximun permissible
voltage of briel (ot wove than 2 ) expogsure of people 1n the range of
netlon of electric rields of SO Hz frequency.

COPYRICGHT: GLIGIYENA I SANITARLIYA, 1977
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THE INFLUENCE OF THE ELECTRICAL FIELD OF AN ELECTRICAL POWER TRANSMISSION
LINE ON COMMUNICATIONS LINES SERVICE PERSONNEL '

Moscow ELEKTROSVYAZ' in Russian No 3, 1977 pp 30-34
[Article by V.F. Kalyuzhnyy and M.I. Mikhaylov]

[Text] A three-phase, alternating current, electricanl power trananiasion
1ine (LEP) at a volrage of up to 220 KV, when intersecting:or coming close

to an apen wire communications line (LS) can huve d dangerous effect on the
service personnel of the communications line only if a person comes in direct
contact with the communications wire which 1s located in the electrical field
of the LEP.

When communications lines come cloge to or latersect electrical power trans=
mission lines with voltages of 330, 500, 750 KV and above, aa has been eptab-
1ished by special research, the electromagnetic field of these lines also be-
comes dangerous to the line service personnel even if a person does not touch
che communlcations wires, but 18 located underncath the LEP conductors ot at

a communications line support pole running parallel and close to the ultrahigh
voltage line, or intersecting this line.

Medical research [1, 2] has established the fact that a harmful influence is
exerted on the human organism not primarily by the magnetic field, but by the
electrical field of a three-phase LEP with a line voltage of from 330 KV and
above. The Industrial Safety Institute of che USSR Public Health Minimtry,

{n conjunction with the Power Enginecring Minlstyy of the USSR have established
norms for the permissible amount of time spent by service persounel in the
electrical field an LEP, depending on its voltage, based on the research which
has been carried out [3] (Table 1).

TARLE 1. ‘
|

tlectrical Field Intensity 5 10 i A 20 25
= KV/m _ ; r
) . « No more No more
Time allowed for a person

nite J H i "
to stay in the electrical Unlimited ‘J’ to Uy o MO than 10 than 5
fleld rime 3 hours 1.5 hours minutes minutes

&
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it follows from the data of the table that open wire communications lines
ave to positioned at distances from electrical power trausmission lines such
that the electrical field intensity of the LEP around the communications line

does not exceed 5 KV/m. '

In accordance with the table, we ghall determine the boundaries of the danget-
ous zones around electrical power transmission lines with voltages of 330, 500,
750 and 1,200 KV, DBy means of solving Maswell's equations, we shall compute
the potentials aud the intensities of the electrical fields of three -phase
electrical power transmission lines at different line voltages. Shown in
Figure 1 are a section chrough a three—phase LED, positioned above the ground,
and the wirror image of the conductors. Indicated in the drawing are all the
quantities ineluded in the equation for the determination of the potentials
and intensities at the polnt P(x,y): b1, b2 and b3 ave the heights at which
the conductors are suspended; 8 is the distance between the phases above the
surface of the ground; aip, a2P, ajp, aip, aép and nip are the distances from
the LEP conductors and their mirror images to P(x,y). Zone 1 corresponds Lo
peints P(x,y) located above the ground between the center and outside phase;
7one LI corresponds to the points P(x,y) located beyond the projections of

the outside phases. :

e) ‘_"-’} Jowa L )}
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Figure 1.

The electrical field potential at any point P{x,y) is found as the sum of the
potentials produced by each conductor of ihe electrical power transmission line
jadividually, i.e. 4
Upte, )= Uyp + Uzp + Usp « -
P 1P 2P P l (1)

1
1t is %nown from the theory for the electrical influence of a three-phase
electrical power transmission line on a communications line [4) that the

T
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potential induced in an {insulated conductor strung parallel to a three-phase
electrical poweted transmission line, determined from the equation:

! Vi
e [— b {(3p2+ opy ) ) *'—,;‘“( 1~ ep )jl

1

Up 4

a1~ A1
LYol ko) o ¥
ay 3 2ag . ) A

e
e
i
S,

it is obvious that thls same formula also applies for the determination of the
potential at the point ['(x,y) in the air. space located at the suspension level
of the insulated comnunications line conductor, The symbols included in the
formula mean the follewing: U is rhe phase voltage of the three—phase elec—
tricel transmission line: U Mg the residual voltage of the three-phase
electrical power transmission line gystem with respect Lo ground; apl, 4p2,
ap3y g0 and ajy are potential coefficients (for example, gy = 7

=K 1In 2by ; T {8 the equivalent radlus of a seperate phase of the alectrical

r
pouer transmission line). '
Assuming that U, = 0, the absolute value of tlie complex electrical fleld in-
tensity underneath the conductor and close o the LEP conductors at the polnt
P(x,y) can be defined as:

1

allp (x, y) |
Jx +

I dp(x, y)
l dy

are partial derivatives of the expression

Clg /
Eoten = T )

ol/a(x, y) OUp(x,y)
dx ! dy

for finding the potential at the polnt P(x,y); ¢ is the capacitance of the
Yphase to ground" pex unit length of line, in F/m.

' 3

Where

We will write the expregsions for the potential at the point P(x,y) and its
derivatives for the firat and second zones (beneath the conductors and close
to the conductors of the electrical power transmission line respectively)
with a horizontol arrangement of the conductors, Tn thils case, bl a b2 = b3'
Tor the first zone (Flgure la):

cu,
Upte = 2 b Vi it 42 = Vo= s+ 4
+0.5+10,86 (o Vi~ 0 — V@ 0+ 0+
+ (0.5 —10.860) (u Vi, = +is—« —ln Vi, 457 4 (s — aF n.
OUI’ (X, y) CU¢ 1 (4)

1
- = Ao x) | ——— . .
ax 2ra [(5' K ((b.-& W AR ) i T
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For the second zone (Fig. 1b)
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fn caleculsting the wagnitudes of the electvical fleld inténsity at various points
above the surface of the ground and below the conductors of the LEP, and to the
aide from it at different distances, we will use Table 2, where the LEP para-
meters are glven for varlous line veltages. The magnitudes:of- the field inten-
gity were computed for a polnt positioned at a height of y = 1,8 m above the
surface of the ground for electrical power transmissfon lines and voltages of
330, 500, 750, and 1200 KY with a span length of 400 m by means of substituting
the data from the table in the formulas.
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TABLE 2.

l.ine Voltage, KV

Electrical Power .
Transmisgion Line Parameters sk 20 750 1200

Phase voltage IJdJ KV veviiiacnronns 190 239 434 694

Spacing between the phase conductors ]
9, I M veennvarenarneoneieeannee 9.1/18.2  12.5/25 17.5/35 26.1/52.2

Number of conductors per phasge ..... 2 3 [4 8
Equivalent phase radius, 1, in n .. 0.074 0.13 0.27 0.42

Sugpenaion height of the conductor,

b, IN M «tveievervnnnnrenssarvesranans 22 22 23 24
Line clearance at the center of a

gpan, H, In m ...oiiieianiienenen 7.5 8 9 11
Equivalent capacltance of the "phase 12

to ground” clrcutit, €, in F/m.o...... 12,310 JZ.l-lOﬂlzlJA-lO‘lzlévl'lorlﬁ

The computations were performed on a computer; the resulting values of the
{intensity along the span at the points positloned at different dlstances

"x" from the axis of the electrical power transmission linea, as well as in

a direction perpendicular to it, are represcnted in the form of curves for

E = 9(x), which are depicted in Figures 2-5. Additionally, indicated in these
figures at intervals of 5 KV/m are the zones of dangerous influence of the
electrical power transmission lines.

1.
8 Paaer A0 4,
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Koy 1. Electrlcal power transmission
line phasges.
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L. Electrical power transmission
1ine phases,

It can be seen [rom an analysis of the cuxves that 1t 1s most dangerous for
a person to be located In the center of the span, where the LEP conductor
18 positioned at the minlwmum height, and it is least dangerous cloase to the
aupport, where the cooductors are at a maximum distance from the ground.

1f values of T = 5 KV/m aud less are adopted as the permisaible values which
are not dangerous to Luman health [3], then for a 330 KV LEP, the safe zone
iy the one located 5 — 6 meters beyond the projection of the end conductor
onto tha surface of the ground at the cenrter of the span, and for 500, 750,
and 1200 KV LEPs, beyond limits of 10, 15, and 25 meters respectively.

H

For tha purpouse of protecting the line sexrvice personnel of open wire com—~
nmunlcations lines agalnst the harmful effects of the electrical fileld of

LEPs when carrying out structural and repailr operations, on sections which

are close or intersect, Lt 13 necessary Lo replace the open wire line by cable
ingerts, the length of which are pgiven fn Table 3.
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TABLE 3
U, KV 330 500 750 1200
7, n 43 57 77 115

Note: The above table is compiled for an intersection
angle of a =.90°. If the intersection occurs
at an angle of @ < 90°, then the length of the
cahle inserts are lx = 1/sim .

On sections which run parallel and are close, when the distances between the
closest conductor of the LEP and the communications line are equal or less
than the critical amount cobtaimed by calculation, the open air lines should
be replaced by a cable insert over the entire adjacent section.

1f there are cable inserts on sections where open wire communications line
intersect an LEP sud have a length less than that indicated in Table 3, the
work positions on the cable supports should be equlpped with special grounded
shielded nets which reduce the elecerical field dntensity down to the established
norme. Where cable inserts are lacking, work on the supports of open air com-—
munications lines which are located in the zone ol influence of a LEP electrical
field, should be carried out only when using an individual shielding set, in-
cluded in which are: a protective suit (a jacket and pants or one-plece suit),
shielding head gear, and special electrically conductive foot wear [5,6].
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BLECTRIC AND MAGNETIC PROPERTIES CF BTQOLOGICAY, MEMBRANES
Moscow PRIRODA in Russian No 3, 1977 pp 68-75
_/_Krticle by Doctor of Chemical Gelences S. Ye. Bresler/
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[Text] Semen Yefimovich Bresler, doctor of chemical .
sciences, is head of the Lehoratory of Blopolymers * eal
at the Leningrad Institute of Nucleer Physice imeni: .
B. P, Konatantinov of the USSR Academy of Sclences :
and the Department of Biophysics at the Leningrad ‘
Polytechnical Institute. He is a student of A. F. e
Toffe and D. L. Tulmud. MNe is the author of u lerge T A
nunber of works on physical chemistry of polymers i ﬂi
and molecular biology and of the following books: E""‘
"pizika 1 Khimlys Makromolekul" /Physlcs and Chem- T
istry of Ma.cromcleculeg? (Leningrad, 1965; also pub- ﬁéh'.
lished in Japan), "Molekulyarnaya Biologiya" [Molec- S
ular Blology/ published in the USSR (Lenlngrad, third Jan
edition, 1973), United States (1971), Czechoslovakia il
(1968) and Poland (1972). At present he is engaged b
in problems of molecular blology and genetics. \‘Sn;.
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an important part in hology. As for baclk as 1791
in electraphysiolopy 1. Celvani discoyvered muacu-
luy contractien in a severed leg o1l o frog vhen potentieln of a small aif-
ference were applied to 1t. Gee anfuals (Tor example, the electric ray)
capable of killing their cnteh with high-voltage electric discharges have
been known for a leng bime. AL first glence all tlis geenus paradoxical .
The intracellular fluid--ecyloplasm—-conducts plectricity well. In condusc-
tivity its ionic mediun enrresponds approximately to & 0.19-molar solution
of sadium ehloride. In what way cni marked differcnces lu potentisls be
cyeated ip such u condueting medimum? It 1s emsy to answer this question if
i is teken into consideration that nll cellular membranes, es well ap In-
tracellular orgenelles (for exwomple, mitochondria), conslot of membranes
Tormed by insulating liplds. Althnugh the thickuess of {ndividual membranes
i only %0-100 A, potentiad differencen on the order of 0.1 V are formed oa
each of them, which yroduces {ntromembrane flelda on the order of 100,000
Y/um. As oa result of aupoation sets of milliona of nembranes can produce

the hgh veltnges menbioned above,

flectric phencmens play
in hia first experiments

The roason lor Lhe tormation of membranc potential Jles in the aelectlive
conductivlty of menbranes for some {1ons, For exeaple, n membrane can e
perweable vo potasslum, but not to sedium. Anfons wsually do not pass through
the lipid layer. T on both aldes of such a membrane potagsium salt concen.-
trations are different, potassium ions will diffuse through the membrane and
ercate a potentianl differeuce on it (Lecsuse anions cannot follow them},
vhieh will exactly balesnece the tendency of potassium toward diffusion. The
go-called Hernst 4ilrusion potentinl ig Pormed. HNow it has been firmly co-
tablished that the potential Jump on n membrune is exceptionully jfwportant,
Im pavticuler, according to the modern thepsry ¢! transmenbrane transport
{Mitchell's theory) the alectric Tield 1naide a membrane creates flows of
the necessary substances {rom the envivonmeul, into the cell or from the cell

to the environment.

Teday the structure and functions of membranes have been studied quite well,
Laboratory wodels of Llomembrance are even mode. A layer made of a mixture
of Jipide 1s applied to o hole in o hydropholhic plate (made of polyethylene
or LeTlon) under watev, By measuriog the capacily or electrie conductivity,
1t Ip posnible bo obuerve how the 1ipid £ilm becomes thinner. Finally, the
thicknena of the layer reaches -100 i snd a no-called "black spot" fs formed
{the nome cemphasives Lo tavisibility). In such a form o membrane can exlset
for many hours. dome substances, for exomple, tonuphores, which transfer
1ons through & nonagueous medium, can be inlreduced into the lipid. Then

the }ipid film becomes conducting for certein ions, which can be easily meas-
ured if o potential difference on the order of 0.1V is applied to it. The
electric properties ol membrones greatly depend on the nature of the ilono-
phore introduced into them. For example, the antibiotics alamethicin or
gramicidin create pores ov cansls in the 1ipid 11im, through which single-
charvpged cations penetrate gelectively. Tt is interesiing that, if the lip-
13 filw is frozen by cooling, the eannls remaln end the passage of lons

through them does nct stop.

g
At

0
_E_)p_q{gsifid and Appr 1

pEt



Declassified and Approved For Release 2012/05/10 : CIA-RDP88B01 125R000300120005-6

COVPHMMEZT WS f0lLy

A schematie spatial model ol a
complex conslsting of two splral-
gramicidin molecules. Below, the
same complex without the side
groups of the polypeptide chain
(its size is 25-30 A). The ar-
rov polnts to the location of
sodiun or potassium cations in-
side the spiral.

What is the molecular structure of the canals for the pasasge of ions? In
nost real membranes these canals arc of a protein nature and: thelr struc-
ture has not yet been studied. IHowever, for the model membrane_ with gram-
icidin there are now hypotheses on the mechenism of its action.l Gramicid-
in is a polypeptide consisting of 15 aminc acid radicals. Several gramicid-
in molecules form & complex convoluted into a spiral tubule and located per-
pendicularly to the membrane plane.

Iy measuring the electrlc conductivity of the film and knowing that at low
concentrations of grambeinin it depends on its concentration approximately

to the sixth-ninth power, Lt can bLe concluded that this complex consists of
aix-nine molecules, Hince gramicldin spiraels conialn water repellent, hyd-
rophobie groups on the outside and polar, hydrophylic groups inside, outside
they are solvated (thay is, moistened) with the lipid and inside they retain
@ canal for the passage of fons. Incldentally, similar go-called "canel com-
plexes” have been known to physical chemistry for a long time,

when the electric properties of model membranes are atudied, abrupt changes
in electric conductivity with a change in the applied potential difference
are observed, that is, nothing like the manifestation of the ordinary Ohm
1nw. At the seme time, some ionophores behave so that, as the voltage on
the rilm is reduced, the current does not drop, but increases abruptly. As
is known from oscillation phyales, such an electric element with a "drooping

46 3 ¢
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characteristic” is capable of generating electric cscillations. In tact,
the model membrane reveals such properties., ‘hese plienomena shown on a
relatively primitive "black spot" model have a direct bearing on one of
the most important precesses in biology--the formation of the electric
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Atove, an oscillogram of the electric activity ot a neuron from the optical
repion ol the cerebral cortex of a rebbit., A {lash of light Jasting 0.5 ms
was produced before the unimal’'s cyes at Lhe moment indicated by the color.
The neuron responded to the brief excitation of the sense organ with bundles
of spikes. The time mark is recorded in the upper part of the diagram.
Bvery oval spet denotes an interval of 10 ms (0,01 @), According to present
jdens the informstion on the event {flash of light) trunamitted to the brain
is coded in these bundles of sigonals.

Below, the calculated single spike obLtained according to Hodgkin's-Huxley's
ohenomenological theory. The characleristicsof this phennmenon can be seen
on it. The potential diiference at a certain axon point is plotted along
the ordinates and the time is {ndicated elong the ahscissas.
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The potential jump on the external membrane of nerve cells (neurons) ceuses
the formation of sharp electric signals running aleng the neu}ons, which,

as modern physiology believes, serve us the materiel mechaniab for the trane~
fer of information in the nervous system of man and snimal. It 1s possible
to artificielly obtain the bagic element of this mechanium-—sbike (& single
nerve signal)--1f, for example, the potential Jump ig louered]spveral times
on & small section of the membrane of the nerve cell, applying .he external
potential difference of the reverse sign. When the potential[jhmp at a cer
tain point of the membrane is suddenly reduced from 0.1 to 0.02 V, then the
electric properties of the dielectric filling the membrene chnnke abruptly.
It begina to conduct electricity and, in particular, becomes be?meable to
sodium ions, vhich rush from the external medium inside the cells, because
thé membrane is charged positively on the outaide., 7The ion chr?ent causes
s veduction in the field in neighboring membrane points, where again con-
ductivity occurs and thus a wave of an electric current running along the
charged capacitor, nerve fiber or axon is formed. The oscillograph ghovs
that a single impulse has s width of 0.5-1 ns and the rate off 1ts propaga-
tion 16 equal to 10-50 m/s. When the impulse has run through the membrane,
its electric proprriies change agaln. It no longer passes godiwn ione, dbut
conducta only potassium iond, potassium concentration within!th? cell being
30 times greater than outslde the cell. Potassium ions diffuse: into the ex-
ternal mediuwm and wgaln create a potential Jump. ‘Then the mdmbrane is egain
ready for a spike. This preparation requiree time on the order of only a
100th fraction of a second. The splke was thoroughly studied by A, L. Hodg-
kin, A. F. Huxley® and other researchers, By mensuring the élcctric prop-
erties of an axon {an cxtenscicn of o nerve cell), thet 1s, the internal and
external electric conductivity, ss well as the membrane capacity, 1t was
theoretically possible to predict the form of the signal and[thé rate of
‘propegation by means of the solution of the so-called Kelvin's telegraph

equation,

One of ocur Tigures shows an oseillographic recording of signllalfrom a sin-
gls neuron of a rabbit's cerebral cortex following the excitation of the
opticnl nerve with a short {lagh of light. Tn this experimeﬁt Pttention
ahould be drawn to the fine equipment. The electric signal is teken from
a single brain cell, for which a metal electrode 2 microns thick is packed
jito it. Physlologlsts also implant such microelectrodes in pebple.

e enlculated form of the splke computed according to Hodgkin'ﬁnﬂuxley's

Lheory ahows that, phencmenologically, the phencmenon 1a deeeribed correctly.

However, the maln secret. remained unraveled. The reason for su?h amaring
in the electric properties of the piennbrane--occurrence of conduc-

changes
tivity for sodium ions und liquidation for potassium ions at| the moment of

the spike stert and return to the initial state after the me%brane discharge--

wis unclear.
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It was established that inside the membrane there are special protein coa-
cals, separate for sodium and for potassivm. 'Mis was shown by means of
specific toxins. One of them, tetradotoxin, hlocks the canals for ‘the pasg.
sage of' sodium, and the other, tetracthyl amwnoniun, the canaly for potas-
slum, It is not yet known how the canals open and close, First it meemed
that the formation of spikes won the special privilege of nerve cells. Then
it turned out that they could be observed on the most varfous ohjects. For
2xample, they are observed on the parameciwn (alipper limpet) in which they
verve to trensfer information on the change in the lonic composition of bhe
environment and in filamentous nitelle algae in which their phynlologlenl
role {p unclear. Then apike formation could e observed on artificly) OG-
elo--"black spate." Tt ig belleved that, when the voltage ia lowered, the

Whereas electrie procenses in living mattey
of magnetic fields in bilology is still being
presently existing whole area of research called nagnetobiology has compro--
mised itself with g large number or errors, lack of control and sometimes
direct Talsification as well. The experiments pertaining to the effect of

veak fields are especinlly susplcious, I shall recall the 8tory with the
"magnetic bracelets” manufa for the treatment of

dumerous diseaseg angd prolilbited by the Jupanese Government, a8 au outright
deception. As g reault, skeptical attitude has taken root among scientific
workers and erticles completely denying magnetobiology have appeared.

do not evoke any doubt, the role
debated. Unfortunately, the

From our point of view, cessary to understand the
physical mechanism of action of the magnetic rield on cells. The perica
of study of biological objects, when 1t way believed that any miracies gre
possible in them, is alrendy past, Blological objects are complex systems
and at the system lovel they sometimes manifest unexpected regularitles,
liowvaver, all the elenents of blological systems, mereover, they ag a wvhole,
are subjected to generu) physical lawe. Tig conatltuent molecules have now

beeu studled well epd aue Can oapproach them with the ordinary criterin of
moleculer phyrics.

The following questlon arlses: In prineiple, is it poasible to observe the
eff'ect of the magnetic rield on biologleal molecules? At firat glance the
answer will be negative. In fact, ull biologicnlly important substances,
for all practical purposes, are diamegnetic, A weak magnetic moment W=xH,
where y is the magnetic jusceptibility and H is the field,is induced in
thedr molecules. therelore, the energy that they ean acquire in the nag-
tetie field equal to UH i6 very small. This energy muat ve compared with
the energy of the thermal movement kT, where k in Eﬂlbzmann’u.conatant and
T, the absolute temperature, Frow the comparison it follows that the rela-
tlon i/kT in equal to 10"/ ang even quite a large fielqd (H=l0,000 Oe) and
the energy acquired {n the magnetic field are negllztbly small, In electric
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fields molecule oricntation is determined by the criterion €E/kT, where €
is the dipole moment and E is the electric field. For fields on the order
of 105 V/sm this criterion is cE/kTle’Z, that is, just as small ae compared

with a unit.

A model of the so-called 1iquid mosaic structure of & membrane, Lipid
molecules form double layers--the membrane basis. The chains in individ-
ual crystal domains are parallel, but the spatial orlentation of varilous
domains 1s different, slthough, on the average, the angles of alope are
The polar groups of liplds are ghown in the form of small cir-
cles, and proteins, in the form of small islands partially penetrating the
membrane. The lipid leyer is liquid and the protein macromolecules retain
thele mobility along the membrane (lateral mobility). Their position in
the membrane is determined by the lipld wetting them.

the same.

However, this simple consideration does not exhaust the probleu. The point
{s that many organic molecules (up to 5 percent of sll the presently known
organie compounds) form so-called liquid crystels 1in a certain temperature
region. This means that their nolecules are packed into ordered formations,
that 1s, domains containing millions of molecules. The forces of inter-
action among neighboriog spetial asymmetrical molecules are the reason for
this. At the seme time, the substance remains liquid, mobile and deprived
ol elasticity with regard to shift, because the degree of order inside the
Jomedns s still relative, not comparable with such true crystals.

et
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When liquid crystels are placed in an electric or s magnetic fleld, strong i

(depending on the field intenaity) orientation effects, studied by physi- e

cigts for & long time, occur in them. The point is that in a magnetic tield’ Ej

H the domains are anisotropic. 1f they consist of prolate chain molecules, i
p in the field the domains should be reconstructed (as though recrystallized) N
so that the long axls of the melecule coincides with the direction of the E&

magnetic field. At the same time, tlie change in energy will te n pH/ KT, i

| wvhere n is the average number of molecules in a domein and this criterion .

] can attein a magnitude on the order of a unit in (ields accessible for an i

i experiment. B

Fihd

= How the following question arises: Are there liquid crystal domains in -&
biologlcul objects? It turns out that the lipids of which membranes are jﬁ

made are typical liquid erystals of the so-called smectic type forming lay- Qj

ers parallel to the oriented chain molecules. Thls means that the orienta- fﬂ

tion of lipid domains in electric and magnetic fields is not only possible, 24

but also inevitable. Protein particles, which serve as canals for the ions, R

are locoted inside a lipid membrane apd ore oriented necording to the orien- f@

tation eof liplds, because with their hydrophobic side surfece they are closely Jﬂ

linked with 1ipi< molecules, Therefore, from the point of view of physics, A

! the effect of the magnetic rield on membranes snd on membrane permeabllity ;ﬁ

| is quite natural. %.

| N

flere mention should be made of another observation during vhich the effect Wil
of n moderate mugnetic tield {(bn the order of 100-1,000 Oe) on the kinetics &
of processes WiS revealed. Tt concerns the effect of a magretic field on §
the phutuconduutiVity of organic substances, on luminescence and on some e
[ photochemical yenctions in which paramagnetie molecules, for example, oxy- b
: gen, perticipate. Physically, thia phenomenon is quite clear. It is dif- f
ficult to sey now whether it has any bearing on biology. It is not ruled ) ;
out, that photochemical and photoelectric processes in living nature (photo- | &
syuthesis end the work of the organs of vision) can prove.to be & target b8
for the effect of magnetic fields in this mechanien. ¥

1 = . L

i et us exemine the orientation in a mapnetic field (10,000 Oa) of a sus- 'f

§ pensicn of rods token from the retina of o frog's eye. The rods consist &

i of 1ipid melecules oriented by thelr long nxis aloﬁg the rod axis. The ﬁ

., French researchers R. Chagneux and A. Chaluzonlitls® showed that a magnetic ¥
field turns the rods ss compass needlen, plthough they do not contsin para- x
msgnetie or, moreover, {erromagnetic substances. Physically, it is clear g
. that the anisotropy of magnetic susceptibllity of chain 1lipid molecules is $
the source of orientation. i
[ 4 a
We studied’ (in cooperation with V. M. Bresler, E. N. Kazbekov and N. H. b
Vasil'yeva) the effect of maguetic fields from 10,000 to 50,000 Oe in a f
gupercenducting solenold on the transport of various substances through i
! the membrane of renal canals, Huving placed the kidney of a frog in a B
smgnetie field, we ohserved how the rennl conals pumped the lheavily fluor- )

encent substance Cluovesceln from {the environment, for quantitetive
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nmeasurements we uesed a microscope combined with a fluorimeter (an instru-
ment measuring fluorescence by a photoelectric method). Finglly, in order

to avoid orgenic disturbances, we worked on a whole, undansged orgsn., For
this & apecinl contact objective was slightly immersed in the kidney, vhich
made it possible to focus the microscope on & renal canal without the pre-
paration of sections or other dameging operations. We were dble to follow
the pumping of the luminescent mark from the environment into an individual
canal. The result obtained was clear--the magnetic field hampered the trans-
port of the substance by approximately one order of magnitude. The rate of
transport depended on the field: neer 30,000 Oe the effect reached sature-
tion--the speed was reduced five or six times as compared with control. or .
course, the experiments were repeated many times and convincing statistics

were obtalned,

f

A photomlcrogreph of rods from the eye of a frog suspended in e physio-

loglcal solution and placed in a megnetic field of an intensity of 10,000 .
Oc¢, A good orientation of the rods along the tield {indicated by an ar-

row) is seen. o

Key: .
1. 50 wicrons
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However, the kidpey proved to be et quite a convenlent object, beceause

the different cenals in it have a different spatial orientatlon. There-
fore, in subsequent experiments we used a chorotld plexus from a rabbit's
brain, This is a speciel orgen in the form of e [flne, transparent strip,
which sucks from the cerebral fluld ballaest substances into capillary blond
vessels., This plexus is a membrane conslstlng of one plicate layer of epi-
thelial cella. On the average, the membrane plene coincides with the plexus
plane, which makes 1t possible tu create a certndn orientetion of the mem-
brane wlth regard to the fleld. ;

The picture of the effect of the magnetic ield on the membrane proved to
be quite complex. In an ordinery medlum containing sodiun, potessium and
caleium salts the magnetic field accelerated the transport of the fluor-
cscent dye spproximately twice, At the same time, the effect was observed
vnly when the membrane plane wes perpendicular to the direction of the field
and during s parallel orientation the effect was absent. It 18 known that
lipid molecules eve Ly no maaus alwvays perpendicular to the membrane plane.
fin X-ray structural enalysls shows that, usnally, they are inclined appro-
ximately at an angle of GO°, Probably, the carrlers of organic lons are
aleso inclined and this inelinetion ius not optimal for transport, The in-
elusion of the magnetic fleld ahould rectify the molecules of 1lipids and,
accardingly, of the zarviviers, which, apparently, accelerates the transport.

A dliterent situstion 1s created if calclum coucentraticen in ‘the medfum is
greatly reduced. Calcium iono play an fmportant part in the ptructure of
the 1ipid loyer, because they strongly interact with the ﬁhoéphate groups
ol phospholipidn. The lack of calelum reduces the bond among lipid mole-
cules, Tn thig case the magnetic ricld operntes lu a reverse direction,
fhat is, it slows dewm the transport of the jndicator fluorescein ion ap-
proximately 2.5 times. Such a strong effect {exceeding the statistical

varlance by an order of magnitude} is obeerved culy in sufficlently large
({elds and is seturated in the vieinity of 20,000 tno 30,000 Oe. Appareuntly,
b reduction in calelwm concentrabion sharply changes the structure and oril-
entation of fluld erystal domaius, Tor the time being, we cannot sey eny-
thing nore definlte. pdditionsl structural changes on the membrane are
needed.  Mis problem con be solved on a travopurent choreid plexus, he- b,
cavge 1{pid Joyera have a double refrection, but, technically, this is not f
casy to carry out, tnbing into conslderation the amall thicknesa of blo-
memBranes.
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Let ns now go baek to the electric phenomens in the membrane. Since pro-
hein canals are capahle ol changing thelr orientetion ond, therefore, pec-
meabllity when tieids are changed, as a recull of the recoastruction of
the 14pdd luyer, the chunge in pobasslum ond sodium conductance, that is,
the opening and closing of ecanals for codlwm and potassium durding a change
in the potentinl Juwnmp, is fully explainable, Before Lhe epike we have in
the membrane n seeningly charvged capacitor, in which the power lines are
perpendicular to bhe mzmbrape surfece. At the spike moment the choarge at
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a certain point of the membrane tecowes equal to zero and remalns the pre-
vious in the neighboring ereas of the membrane. At the sume -time, the vec-
tor of the electric field near the Yshort circuit" turns 90° and ia directed
aloag the membrane surface. In the end the field disappears, because the

charge on the capacitor is neutralized.

i
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Phe olectriec field in the membrane betore the beginning of the discharge
(above) and nt the moment when the diecharge began at n certain point of
the nembrane (below). It is possible to initiate the discharge by apply-
fng a reciprocel potentianl difference at a glven point, Tn the synapses

of neurons (&t the points where they contact with each other) the discharge
i initiated with an ultramicroscopie droplet of a mediwtor, for exumple,

acetylcholine.
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It is elear that these situations can correspond to different orientations
of lipié domains, In practice, this 1ends to the fact that before a splke
the membrane conducts only potassium ions, at the moment of discharge only
sodium Lons pass through the mewbrane and after the discharge potassium con- 5 ¥
ductance agein returns to the membrane. This mesns that, in fact, protein
canals are cepable of changing owing to the reconstruction of lipid domaina
in chenging electric fields, Such a yeconstruction should be accompenied

oy n change in the optic properties of the membrane at the same points where
the spike runs. Tu fact, the change in the optic propertles of the membrane,
in perticular, in the duublcsrerrnctlon at the spike moment, wag discovered ;
experimentally by R. Keynes, I. Tesukil and other researchers. Another

alpnd flcant oboervation--liguidation of spikes when the axon membrane is

placed iu e strong moagnetic rie1d (16,000 Oe) us a result of a certein ori-
entation of domains imposed by the Bagnetic tield--was made in the experl-

ments of s nuwsber of phyelologiets.

Lutmi.g up, it can be stated that orientation phenomena 1n e lipid membrane
¢ re¢ fundamentally ilmportant for wany biologlcal processes, in particular,

i s transmembrane migration ot ilons and everything that follows this, The

wnink of application for the effect of electric snd magnetie flelds to blo-

logicel structures is precisely here.
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ELECTROMAGNETIC ECOLOGY AND COMPATLIBTLITY
Prague CESKOSLOVENSKA STANDARDIZACE in Czech No O, 1976 pp 35%5-35(1

[Article by Engr Vaclav Prosr, State Standardization Ceater for Electro-
techuical Engineering 1n Prague)

[Tex.] Relations between noise elements in electro-
techotcal engineering, the lack of knowledge of which
causes conslderable losses. This entirve problem must
be also reflected in the future in the area of
standarvdization. . !

Modern utilization of electric power 1s always related:by virtue of
natural laws to the formation of electrostatic, magnetic, and electro-
magnetic fields. This omnipresent, useful, and today indispensable part
of modern 1ife has specific negative effects in many sectors of the
production-consumption chain, effects which ruln the pleasure from the
contribution of progress not ooly in industry, but also for example in
culture, health services, and elsewhere. ;

The consumption, conversion, distribution, transmission, and production
of electric power constitutes classic schemes of heavy~current problems,
With the start of industrial (as well as heavy) electronics, 1t seems
that the differences as compared to the previous clear—cut wealt current
area of utilizarion of electric power are disappearing,: that is, with
regard ro the applleation of small amounts of power or Jlow voltages,

As exawples which van perhaps illustrate best the type and method of
upplylng unpleasant features |sic] which accompany modern application

of electric power,we select further the application of electric power for
transmission of information for purposes of control and regulation. From
this there are derived generalizing conclusions, which ean be applied
also outside of these selected applications, with orlentation to inter-
national connections 1n the sclentific~technlcal development and in

problems of standardization. .
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Useful application ol vleetricity is accompanied by rhe effects of
electromagnetic ficlds, which may disrupt other processes or phenomend
taking place in thelr proximity. The concepl of proximity Ls understood
in this econtext wostly as spatial (geomerric) and elecrric (related)
proximity of two phenomenda. At the same time, the sccond phenomenon
under observation (in addition to the useful application) way be -- but
does not have to be -- participating direetly in che Elrst phenomenon
(process). A sort of deception exlsts in the spatial or time indidence
of the occurrence of the conditions which lead to thie undesirable dis-
ruptive conneccion. The interference is often related to the mediating
effect through parts, wembers, or phenomena which otherwise do not parti-
cipate in the process. Maximum possible combinatlons are represented

by cases when an Interference fleld s formed and is manifested by Lts
effects in terms.of space and Cime in such a valuable way, that it is
beyond the experience of the team of expern construction engineers,
rescaveh workevs, and testing technicians. Under closer scrutiny, it

is found that even a slighc oversight ls enough for the [loe mechanism

of the laterference chain to fall apart befere one succeeds in tinding
out and ddentilying les parts. In conteast, Interfering "arrangement"
whieh is very striking 1s not taken 1n conslderation precisely because

fr iz so obwious. ALl this must he prevented by taking suitable measures.
lowever, [navder o restore these measures, 1t 1s neceessary 1o some cascy
vo have a pood amount of Fantasy and experlence.

in this connection, professional clreles 1n the world are beginning to
consider the interfetveace purity of the environment ("ether") 1o the
same way as the puricy of the alr and water.

Disturbing influences literally flood increasingly larger areas, mainly
places with o ligh concentration of industyy and dense urban agplomera-
tion. Which means an ccological problem “par excellent" [sic, should
read "par excellence"7 and at the same time to the extent that originally
purely technical questions become economic prublems and pertain to the
life of not only an dndividual, but of the entlre sociely.

How did chis qualltative jump oceur, and low Ls 1t nccurring now?

Dp to a cectaln time, interference voltage influenced by its negative
alfocts only the so-called weak-current applicalions of electricity.

it In characteriscic that Fields which prescnted little interference --
mostly disperslon ficlds -- as a rule did not affect heavy-current appli-
enttons of elecerle power. That is why at the beglunlng the fields
whieh dealt with these problems were those which have been affected

by them most: hroadeasting, communleations, and raillways. The method
af solving the problem 1s also {lluminating: preparatioon of technical
norms which crcated conditions for uninterrupted (and therefore also
safe) operattons in the glven area. Specliic measures were as a rule
one-sldad, and econumical management ol iuveskments in other branches
of the national econowy was not always taken in consideration. From
the point of view of standardization, a simllar approach is used on the
internationsl scale, especlally because broadcasting, communlcations,

Loy
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and railroads represent aveas of broad international interest, where
there was and is urgent need [ov recommendations and norms. Within

the framework of the TEC, these questions have been handled since 1933
for example at the cost of a differvent organizational structure of the
appropriate speclialized organ (Incernational Special Commlttee for Radio
Interference =- CISPR) and at the cost of o different way of publishing
sectional results of its activities. . Tt is true that subsequent solutlons
of these guestions within the framework of the SKN [expansiloan unknown] of
CEMA involves a uniform type of CEMA recommendatlons, hut substantially
it deals [sic, should read does nol deall with uniform methods of

solving the problem. :

Modern utdlization of elecrric power for data processing and in the
automntlon of processes (mainly technologicnl processes) is characterlzed
on the one band by the application of low voltages, and on the other

hand by the beginnlug of the use of nonlinear semiconducting parts both

In industrial electronics as well as in the electrification system itself.
In particular, the appllication of tyristors in high output installations
results In a preat incrcase of outputs of higher hatmonic frequencies

not only in the installations of the uscrs themselves, but in the entire
pover distribution network. Interference volrage also began to be affected
negatively by heavy-current applicacion of electricity. At the sane time,
it is equally characteristic that at the present time strong interference
fields in the form of interference voltages or currents are not restricted
to individual equipment or installation in a given factllity, but are

often dragged to great distances.

he "medium” of this interference connection consists as a rule not only
of disrupting disperslon fields in the ared around the given facility,

as 1t happened before, but direct olectric connections in the heavy-
current power lines themselves. The seemingly little sensltive huge
orpanism of power sysrems ls belng attacked hy low-current interference
throughvut fts entire fleld of actlvity and at the most sensitlve places:
at the place of productlon (electric power plant) and consumption (house-
LWolds) -- not exeludiog diatrvlbution network and power lines.

With the introduction of computer technolegy in the control of induscrial
processes, coxceptlonally great difficulties oceur with regard to inter-
fercnce voltages on a large scale. The sources of power themselves,
namely eclectric power plants, are not remaining aside and are not spared
of the positive as well as pegalive aspects of this process.

The measuring central ovgan at the inlet of the computer 1s connected
with the technological process by means of hundreds to thousands of
sensors, which are connected with a complicated bundle of measuring
cables several hundred meters to several kilometers long. These
sensirive "nerve terminals", which operate with very low voltages, are
sxposed throughout chefr entire course by the effecss of all kinds of
toterference fields. In the ease of the classic direct method of evalua-
tlun of the lucoming signals, which carry {aformption about magnitudes

LI
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weasured by measuring dnstruments of the dial type, alternate interference
voltages do not aflect the measuvements, even when thiey are several times
stronger than the useful slgmal: Frequency characteristics and low
jmpedance of the dial instrument guarantee rhat the evaluation 1s made
correctly even in thu presence of interference. As the number of the
covered measuring |n‘||ntﬁ fnecreases and the aystem swltohes from -111.6101'.

to digital processiag (diglealizacion) for tnpur in the control computer,
the original information which 1s veguired may he suppressed entirely by
the interference voltages. Reversely, the computer may reccive a false
signal, which did not oriploate at the measuring place of the techoologl-
¢al process, but semewhere along the course of the measuring cable. Oue
can use in rhis case direct anaiogy with the so-called sequential automatic
machines. which use at the iulel very low voltages (and therefore aoly
slight amounts of power) for the control of the input logical circuity,
which in addicion operate at a high impedance. An incorrect interference
by the contral sud repulatory equipment, whiel is nov protected agalnst
the offec ol fmiericrence fmpulses or voltages, may result in a minimal

veonmic loss,

AL the opposite ond of the distribution newwork of electric power, therve
ls Tor cxaople onr househald, aud an electrie neter at one of 1ts power
inlerls. Pils wali-honr cauoter s baoth a neasuring Instrument for the
consumplion of electrle power from the dlstviburion network, and at the
wame Lime it iw qan indicator of the extent to whleh we ourselves create
at home an artilficial epvironment. Naturally, thls costs some wmoney.

It costs money bolb to the seciety (the distributor) considered as the
suypplicr ou the one hand, and ourscelvea as copguners on the other hand.
Both partners in this dlrect monetary ratio rely on the idea that the
clectrometer does the measurlng correctly. That ts why it is also tested
wificially.  The caveh 1a that the conditions For which the electrometer
has been designed, wanufactured, tested, and finally used, are changlng
at the present time. The use of mostly induction electrometers for
measuring the active vutput of electric current under conditions of non-
sinusoidal course of the curve of the current represcuts today a method
of wmeasurcment which (s demonstrably less appreprlate.  When appliances
with semiconduetIng parts are swhrtebed on, the originally single-wave
course of the current (50 eyeles per sceond) turns lote multi-wave
currents.  Chege muiil-wave cocrents are integeated by the electromeler,
and thls causes mnch grearer evrors.  And chese errors are by no means
withln the rolerance of Lhe teated grade ol accuracy. Which mesns that
there (s uo evror in the desipgn, manuFacture, or restlng, ‘but rather an
error due to changes of the condltlions For which the induction watt-
haur electrometers were designed -~ an dncrease of the content of higher
harmonde compenents of the basic lrequency in the distribution itself

of the elecrric power,

But the worst cases of interference voltapge are those where there is
danger to the scrvice persounel or danger to various ipstallations,
partlcularly telecommunication installations in cases of short circuits
on hgh-voltage power lines, ‘The amplitude of te incerference voltage
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induced in parallel communication cables, metal pipes and constructions
grounded in close proximity of the short civeuit on a high-voltage power s
line reaches as much as thousands of valts. It is true that the entire !
phenomenon occurs within a limited time interval, but on the other hand

the induced voltage is dragged through underground installations at

distances of several kilometers from the place of orlgin. With the

exception of power lines of exceptionally high voltage, this does not

pose a unew, unknown problem. These situations on high veltzge and very

high voltage power lines are defined in electrotechnlcal regulations .
with a relatively degree of accuracy, and there are also measures pre=-
scribed which must be observed for reasons of safety and possible
secondary danger in rlie construction of power lines and thelr operation.

lowever, from the general polnt of view, Lt is worth while to consider

the question as to what should be dune when modern measuring, control,

and regulatory installations cannot be fully effeclive bechuse of inter-
ference voltapes, when these installations Increase the productivity of

human Tabor in a literally revolutionary way, or when on the other hand
output semiconductors can make savlings of the received power without
unnecessary loises. And while generally speaking intey{erence can result

in danger to materlal valuves and human l1ife, there s no other way but

to spend maney to elimlnate interference flelds, voltages, currents and

to fight against their indirect effects. 1n contrast to this active

approach, it may also be possible to walt and depend on latger amounts

to liquidate the subsequent material lossca, but that certainly 1s not

a solution. In addition, losses in terms of human health cannot be

measured by these values., WNaturally, there also exist economic sanctions
based on the application and validity of norms which have been apreed to

at the state level or International level, norms which force potencial
"producers" of interference voltages and flelds to study in greater detail
and especlally to study systematically the theory and practice of the
formulation of such incerference and of the elimination of its effects.

In view ol the nature of the effects of Llaterference, one cannot very

well ealeulate today the costs of 1ts elfmination and to include 1t in
operational costs, therveby avolding the problem of pollution of the
enviropment, as L& is sttll done sometimes when dealing with che problems

al adr swd water pollution. A contributory facrrvor 1y this 1s the deceptive
aeffect of Intervfarcoce flelds and voltages, wirich was mentioned previously ’
and which [u many cases turna Lmmedlately against its "creator” and
strikes him at the sensitive points of his "blood circulation’, 1if we
can use for comparison purposes the well-known comparison of the function
of electric power iIn rhe economic organism. Undcrground operations and
constructions such as mines and subways are not exempt from these problems,
clther. What represents a separate chapter, which sometimes borders on
sclence-fictlon, are interferences jo electronic equipment uged in
medicine and their mutual intecraction, in the sane w3y as mutual inter-
Ferences of television sets connected inappropriately by a pole-type
intevchungeable connector with a joint power network outlet.
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Effective use of means allocated For finding the causes of the formation
of interference voltages or on liquidation of the consequences of thelr

' cffects is today beginning to exceed the framework of one single national
economy and represents a sultable and up-to-date subject for inter-
national cooperation in the broadest sense of the word. As exchange of

e¢loctric power continues to Increase
on the European scale, and above all
power system of the countries of the

between power systems, for example
within the framework of the uniform
socialist camp, there will be

necessarily problems of interference whieh will have to be dealt with in
connection with studies of the quality of the exchanged electric power.
On the other hand, for example the present advantage of deliverles of
whole investment units to forelgn countries ("with key') may be only a
temporary advantage as compared to subdeliveries of technological lines
and installations precisely because of the problem of interference.

1
Also, what has to be considered as an effective step 1s the development
of bllateral cooperation within the [ramewock of the CEMA countries.
The goal of thls cooperation should be a gradual rransition te multl-
lateral cooperation. What applies today to the arca of sclentdific-
Lechnical cooperation continues to be applicable in the future with regard
ro standardization. At the same time, the gathering of experlence and
the corresponding exchange cannot stop before reaching also a broader
internationsal farum, sech as for example the TEC.

The results achleved in Czechoslovakla also confirm the fact that it
truely pays off ta proceed in a complex manner, as provided for in the
corresponding starte program, In this respect, the handling of seemingly
general problems such as elecltromagnetic compatibllity or electromagnetlc
ecolopy bring specific results. Let us mentlon at random the production
of a sereened measuring table, independent destination of reductilon
factors on the side of communication and power llnes (supplement to rhe
Czechoslovak Korm CSN 34 2030), or progress in uniform evaluation of

the effects of both components of an electrowagnetic fleld by the me thod
of evaluation of iInterferences by connecting channels.

Tn rhe (ighr for preservatlon of bearable llving condltions, when all
avallable narkural sources of power are helng mobilized, man i3 making
preal effores to develop technology and especially to make fucrther pro-
press Lo dk.  This progress cannot be stopped, and at the same time one
cannot concefve 1t wichout an active role of the human factor. However,
with vregard to the results achieved one must alsa accept the negative
results of such behavior and not wait until some bright idea may occur,
which 15 not defined 1o greater detall and may occur let us say at the
end of this contury. At the same tlme, until the end of the century
Lhere dis relatively enough time to reject the view that these negatlve
eflectys ol induscrial progress in particular way be somewhat objective,
aven though theyiare not at all aceceptable. They are considered as 1f
they came somewhere from the outslde, instead of beilng understood as the
vesult of ratiomal considerations concerning the neeé £or proper control
af 211 actlvitlies which stimulate progress and broader dppllcation of
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scientific-technical discoveries. This in spite of the fact that in some
cases there predominates the feeling of being sorry about the fact that
those whose duty 3t is to inform the public do not do so, because they
see only one side of the lotricated problems -- the external side of them.

At the first sight, it looks like a paradox: if technicians (and there-
fore also electrotechnical engineers 1n the case of interference) want

to demonstrate their own technical capability, they must by tiewmselves

find a solution of the dilemma that elther

-~ they do not know how to explaln aaything and cannot be suspected of
technocratism, or

~- they are able to explain everythlog and may be suspected of being
prejudiced.

In reality, 1t means that they must be able to demonstrate that they can
find a solution outslde of their own prefesslon and Jdraw the proper con-
clusions from it for themselves. This 1s a difficult task. At the
beginoning, they will agree with the othevrs that protection of our --

your, their -- Tiving environment appears to them -- who are technicians --
as being an ecological problem. Electrotechnicians add a word -- electro-
magnetic ecolopgy -- and draw conclusions for themselves:

The discovery and use of electric power results iIn creation of artifical
envirouments, 1in hunting for distant natural conditions, by which man
deliberately surrounds himself more and more. At the same time, he
creates problems of mutually similar type.

Depending on what aspect will be followed in the future, we shall talk
about the corresponding type of ecology.

And so electrotechnical enginecrs will define later on electromagnetic
ecology and immediately after that electromagnetic compatibility. This
applies especially to electrotechnical and electronlec products or distri-
bution networks. They wil] sce the difference 1n the fact that the

aspect under study, that 1y the interference (intecvference fleld, voltage,
curroent) allcets directly only the users of the equipment or appliances
thiemselves, or it alfects alsoe other {ndividuals, the public, the community,
ar rhe soclety asawhole.

‘The problem of solving these questions calls directly for adaptation,
streamliniog, and codification of norms or regulations. This should be
done as soon as possible In Internaticnal documents, so that a few years
{rom now one would not hear comments that ... and so on. Standardizers,
acting In harmonious cooperation with electrotechnical engineers, have

a new content to deal with. This content 1s certainly not easy in terms
of formulation, but it is also complex in terms of apolying the results
in practice.
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It is relatively easy to determine that in additlon to the glven human
aspects of the present need for deallng with certain general ecological
questions, there exlsts a certain "driving motor" which results in the
need for dealing with the problems of interference. This 1s almost
certainly the Fact that manufacturers and egpecially distributors of
electric power are == in contrast to the past -- confronted with their
consumers. And the consumers are beginning to denand a certain quality
of energy which 1s being delivered to them. However, at the same time,
the "nonlinear" properties of the use of electric power on the part of
the consumers is -- to put it simply == having a bad effect on the efforts
of the suppliers. 1In fact, this effect 1is auch that they cause more
difficulties sometimes to the suppliers than to themselves. Distribu-
tion systems represent on the one hand a binding factor between the two
partners, but on the other hand a suitable environment which within a
short time may become infected unbentably by a defect in the form of
{nterference —- 1f they let things develop as they have been developing
up to now.

the demand for standardlzatlon at the internatlonal level was accepted,
and so the LEC dectded in 1973 at ity sesslon Iin Mundleh to create a
Pechnical Commission No 77 -- HKlectromagentic Compatibility Between
Electric Tnstruments, Including Networks. TFor the time befog, the area
of interest of the TC 77 concentrates on ... "prepavatlon of international
recommendations pertalning to electromagnetic compatibility of electrlc
or electronic instruments with regard to cach other and with regard to
electric distribution wetworks." At the same time, the program of the
operations of the Technlcal Commission No 77 will be coorddnated with
other technical commissions of the TEC, which are interested In these
problems, bul outside of the framework of the CISPR.

The preceding sentence s also an expression of the fact that in addition

to a broader study of the problems of electromagnetic comparibilicy,

that Is problems of electromagnetie ecology, it will be necessary to take

in conslderation the results of the studies made by the CISPR, partlcu-
larly in terms of the working methods, standardization of the methods

of measurcment, and determination of the limits of interference effects,

and especially in the creaclon of terminology. Also, apecialized Inter-
antional orgenizations are being inviced to parvicipate lo this on a

hroad seale. This applies for example to the CCIR -- loternational Con-

aul ting Committee for Radto, CCLV -- Interputienal Consulting Committece

for Telephone and Telepraph, UIE —- International Union for LElectric leat,
CICRE -- International Conference on Electric Systems of Very High Voltage,
CIRED -- International Conference on Distribution of Electricity, UNIPEDE =--
International Unlon of Proadocers and Plstributers of Energy, and others.

While the TC 77 deals with problews of electromagnetic compatibillty,
Lhe Action Commlttee of the LEG vetains the control and framework handling
of the problems of electromagnetic ecology. 1ts special work team of
flve members, whose activicles have been reperted previously in the press,
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has proposed a definition of both wain concepts for purposes of various
technical commissions and aubcommissions of the IEC:

Electrowggnetic ecology -- & study of relationship between electrically
live elements and the resulting electromaguetlc environment (natural
environment as well as artifical enviromment).

Note: We are dealing with an analogy and definition of ecology, which
deals with the study of relaticns between living creatures and the natural
environment.

Electromagnetic computibility -- an element of electromagnetic environ-
ment 1s compatible, 1f its mutual reaction with other elements of this
environment is acceptable.

This led to the creation of a conceptual basis for studies of other tasks,
wvbich include specifically the preparation of a survey of techniecal
problems in the area of electromagnetic compatibilicy, with delimitation
of studies carried out 8o far and other needes involving the use of the
results or continued to be dealt with in cooperation with other technical
commigsions of the TIEC. This includes apalyais of available information
obtained from the CISPR and TC 77, which will lead to a proposal of
measures to he taken by the Action Committee of the IEC. In view of the
need for standardization coverage of the problem, this involves also
proposals of suitable internal and external relatlons of the IEC by

means of mixed working groups consilsting of representatives of the inter-
ested organizations. Last but not least, it is a preparation of proposals
for the Actlon Committee to standavdize specific functional characteristics
of instruments in view of electiomagnetic compatibility.
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