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1. Introduction

The health level of people is the key indicator of the optimized social ecological
system. Modern society creates and makes the best use of innovative technologies
in the field of science and technology that allow satisfying its growing needs. Such
a type of social development has to provide a dynamic balance in the system “soci-
ety —natural environment” — in the social ecological system. The most lability in the
context of technocratic society is the balance “society — natural environment” in the
urban ecological systems (urbanized social ecological systems). The level increase of
comfort of the people in the urban social ecosystems has led to becoming a greater
number of factors that can make affects on the balance of the system “society — natu-
ral environment” and, consequently, on the people health. Among them the special
place takes the influence of the electromagnetic radiation (EMR) on the human body.

To control the influence of electromagnetic fields (EMF) of industrial origin on
the human body was developed “The State Sanitary Regulations and Protection
regulation of the people from an influence of electromagnetic radiation” approved
by the order of The Ministry of Healthcare of Ukraine No. 239 dtd. 8.01.1996. This
document is the rules and regulations that protect people from an exposure of elec-
tromagnetic fields and includes chapter “The Sanitary Regulations and Protection
regulations of the people from an influence of electromagnetic fields forming the
radio technical objects” and “The Sanitary and Protection Regulations of the people
from electric field exposure, creating facilities of power transmission of industrial
frequency”. In accordance with this document “To the electromagnetic sources in
the populated area belong the radio, television and radar stations of various profiles
that are at work in the radio frequency band, and transmission network, which con-
sists of air high-voltage power line and electrical substations. To the substations may
belong: switchgear, electricity transformers, transformers, rectifier units and other
facilities and constructions”.

* Ivano-Frankivsk Oil and Gas National Technical University, Ivano-Frankivsk, Ukraine
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But, according to this document the maximum permissible limt (MPL) of elec-
tromagnetic fields that apply to the frequency range from 30 kHz to 300 GHz, is
much lower as such level in Russia and significantly lower as such level in Europe.
In addition, a list of radio technical objects (RTO) that radiate electromagnetic ener-
gy into the environment, needs to be extended due to the use of digital radio relay
stations and base stations of mobile communication. The Regulation of the Board
of Ministers of Ukraine No. 808 dtd. 28.08.2013 defines “The list of activities and
objects of increased ecological hazard”. In the clause 26 of this list are mentioned the
radio technical objects, which have increased ecological hazard: radio transmitting
stations, radio, TV and radar stations, digital radio relay stations, the base stations
of mobile communication.

That is why the regulatory base that governs the maximum permissible limit
(MPL) of electromagnetic fields in Ukraine needs to be renewed, and the influence of
electromagnetic waves in the radio frequency on the social component of ecological
safety of urban social ecological systems has a grate interest of scientific.

2. Methods of Ecological and Geographical Researches

For decision of given tasks there was chosen an urban social ecological system
of Ivano-Frankivsk city. In urban land of Ivano-Frankivsk city that was chosen as
a test area, were defined 122 points at a distance of 200-500 m. The choice of control
points of the test area was conducted in accordance with specific of building area
including large, crowded places with probably increased electromagnetic fields: ed-
ucational institutions, health facilities, religious structures, big domestic buildings,
bridges over the river Bystrytsa Nadvirnyanska and Bystrytsa Solotvynska, railway
station, railway track and bridges across it, big shops, cinemas, bus stops on streets
with trolley movement and others.

The urban ecological system in Ivano-Frankivsk city takes an area of 51.36 km?,
total area of Ivano-Frankivsk city — 83.73 km?[12]. The average density of placement
of control points on the test area is 2.4 points on 1 km?, and in the central part of the
city the density of placement of the control points is slightly higher.

At each point of the test area the intensity of the electric field (E), the intensity of
the magnetic field (H) and the intensity of the surface density of energy flow (u) were
measured. For the measurements tester Tenmars RF three-Axis Field Strength Me-
ter TM-195 were used [13]. The facility is used to measure electromagnetic fields of
anthropogenic origin in the frequency range from 50 MHz to 3.5 GHz, in particular
for measuring the field intensity of high-frequency electromagnetic waves, surface
density of energy flow of antennas for mobile communication databases, units for
wireless communication (CW, TDMA, GSM, DECT), transmitters, wireless networks
LAN (Wi-Fi), the leak detection of microwaves, determination of safety radiation
level of mobile phones, the determination of electromagnetic safety of work and
domestic establishments. The facility is working with discretization interval — three
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measurements in 1 second and allows making measures of immediate, average and
maximum measured value. For isotopic measurements of electromagnetic fields the
facility is equipped with three-channel sensor. The settings allow for the use of a sep-
arate axis X, Y or Z sensor (non-isotopic measurements of electromagnetic field), or
all axis in the same time (isotopic measurements of the electromagnetic field).

At each point of the test area was conducted isotopic measurements of EMF
at a distance of 1.8 m from the soil surface during 10 minutes, and the facility was
placed immovably at a distance not less than 1 m from the experimenter. Also the
facility was placed with the sensor towards potential sources of electromagnetic ra-
diation. Received data are presented in the Table 1.

The space around the source of EMF conventionally is divided into the near
zone (zone induction) and distant zone (zone of radiation). The near zone covers the
space with a radius of about 1/6 wave length. In this zone the electromagnetic wave
is not formed yet because the intensity of EMF is measured separately with inten-
sion of magnetic and electric field components, negative effect of EMF in this area is
mainly caused by the electrical component.

In accordance with the order of the Ministry of Healthcare of Ukraine No. 1040
dtd. 29.11.2013 “About approval of the measurements methodology for levels dis-
tribution of electromagnetic fields” including the “The State Sanitary Regulations
and Protection Regulations of the people from the influence of electromagnetic ra-
diation”, approved by the order of the Ministry of Healthcare of Ukraine No. 239
dtd. 01.08.1996, the maximum permissible limit (MPL) of EMF in the frequency
range of 30-300 MHz is 3 V/m and in a frequency range from 300 MHz to 300 GHz —
2.5 mW/cm? For comparison, in the Russian Federation and in Belarus this rate is
10 mkV/cm? and in some European countries — 100 mW/cm?.

The received data show the maximum permissible limit (MPL) of surface densi-
ty of energy flow of the electromagnetic field in terms of average values of this factor
in the such streets as Evgen Konovalets street — Sichovi Striltsi street — Academician
Sakharov street — Vyacheslav Chornovil street (Fig. 1), in terms of the maximum
values of this factor in the such streets as Evgen Konovalets street — Sichovi Striltsi
street — Academician Sakharov street — Vyacheslav Chornovil street; Zaliznychna
street — Mariya Pidhiryanka street — Nezaleyhnosti street; Pylyp Orlyk street (Fig. 2).

The elevation of the maximum permissible limit (MPL) of electric field intensity
in terms of average values of this factor are seen in Korolya Danyla street — Evgen
Konovalets street — Sichovi Striltsi street — Academician Sakharov street — Vyacheslav
Chornovil street — Nezalezhnosti street — Pryvoksalna street (Fig. 3), in terms of the
maximum values of this factor Korolya Danyla street — Evgen Konovalets street — Si-
chovi Striltsi street — Academician Sakharov street — Shevchenko street — Vyacheslav
Chornovil street — Nezalezhnosti street — Pryvoksalna street and the intersection
Ivasyuka — Vovchynetska street and Ivasyuka — Tysmenytska street (Fig. 4). The
maps are created using geographic information system MAP INFO, and the points
of test area are marked using the service Google Maps.
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Energy flux density of electromagnetic field
(maximum values)

[] 0-2,5 mW/cm2

B 2,510 mW/cm2

B 10-100 mW/cm2

(average values)

[] 0-2.5 mWicm2
M 2,510 mW/icm2
[l 10-100 mW/cm2

Fig. 1. Average values of surface energy flux density in Ivano-Frankivsk Fig. 2. Maximum values of surface energy flux density in Ivano-Frankivsk
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Fig. 3. Average values of electric component strength of electromagnetic field
in Ivano-Frankivsk

Fig. 4. Maximum values of the electric component strength of electromagnetic field
in Ivano-Frankivsk
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So, in the urban social ecological system in Ivano-Frankivsk city is seen the el-
evation of maximum permissible limit for surface density of electromagnetic field
power p in terms of average values of this factor by 7 points of test area and is
from 2.62 mW/cm? to 17.16 mW/cm?, and in terms of the maximum values of this
factor — by 22 points of test area, is from 2.73 mW/cm? to 25.28 mW/cm? (maximum
permissible limit is 2.5 mW/cm?). The average valu p__ in Ivano-Frankivsk city, is
calculated taking into account the parameters p_ by all 122 points of test area and
is 0.65 mW/cm? and the average value p__, calculated taking into account the pa-
rameters p__ by all 122 points of test area, and is 1.73 mW/cm?®. The elevation of
maximum permissible limit of electricical field intensity E in terms of average values
of this factor is seen by 11 points of the test area, and is from 3.03 V/m to 5.29 V/m,
and in terms of the maximum values of this factor — by 29 points of the test area is
from 3.08 V/m to 12.65 V/m (maximum permissible limit is 3 V/m). The average val-
ueof E__ in Ivano-Frankivsk city, calculated taking into account the parameters E_
by all 122 points of the test area, is 0.97 V/m and the average value E__ calculated
taking into account the parameters E__ by all 122 points of test area is 231 V/m.

3. Methods of Medico-Ecological Researches

Medical research shows that the most sensitive to the influence of EMF of indus-
trial origin in the human body are the nervous, cardiovascular, endocrine, reproduc-
tive systems and the eyes, and EMF can also cause a significant influence on the met-
abolicrate [1, 2, 4, 6], encourage such syndrome as a medical phenomenon as a result
of acute and chronic exposure of EMF of radio frequency range of nonlethal intensity
equal to or above 10 mW/cm? To the symptoms belong reactions of the central ner-
vous system and clinical signs of autonomic systems that are appear in changes in
mood manipulations and behavior. Clinical signs are cardiovascular, gastrointesti-
nal or endocrine nature [8]. Regulation of the heart functions in the human body is
made through the local and central mechanisms. To the local regulation mechanisms
apply myogenous, nervous and humoral, that are presented in the heart.

The myogenic regulatory mechanisms:

1) preloads — the more ventricle of heart is extended with running blood, the

greater is his contraction power;

2) afterloads — increasing of contraction power of the left ventricle by increas-

ing the diastolic pressure in the aorta;

3) rate of heart contraction — by increasing of the heart rate is growing up the

power contraction.

The local nervous regulation mechanism of the heart functions is provided by
the cardiac conduction system (sino-atrial node, intermodal atrial tracks, atrioven-
tricular node, bundle of His branch block and its legs, Purkinje fibers), that is capable
of impulsive rhythmic membrane depolarization, which leads to the generation of
the action potential and reduction of cardiac muscle.
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The local humoral regulation of the heart functions consists in the heart synthe-
sis of biologically active substances (natriuretic hormone, catecholamines, etc.), that
are able to influence the contractile activity of the myocardium.

The central regulation mechanisms of the heart functions are provided by a nice
branch of the nervous system (increases the power contraction of myocardium, in-
creases heart rate, getting up speed of conduction of excitement by the leading heart
system, increases the excitability of the heart) and parasympatic nervous system
(reduces the power contraction of myocardium, reduces heart rate, reduces speed of
conduction of excitement by the leading heart system, reduces the excitability of the
heart). So, the regulation of the heart functions is determined by the cooperation of
intracardiac and extracardiac mechanisms [10]. The humen cardiovascular system
is characterized by adaptive meteotropic reactions. And the best adaptive reactions
are typical for young people at the age of 18-25. By the medical investigations anal-
ysis of heart rate variability in young people it was found that the most resistant
to various types of weather are young women, and the minor stress of adaptation
mechanisms of the cardiovascular system appears by the II type of weather (atmo-
sphere pressure change from 3.75 to 5.5 mmHg a day, changing the average daily
temperature at 5-10°C, relative humidity at 60-85%, low cyclonic activity) [3, 5].

Offered estimation method for environmental effects on the cardiovascular sys-
tem, which is a sensitive indicator of violations of human physiological processes.
The corresponding data were measured by the thermometer Omron M2 Basic. Into
the base of the invention was taken the task to find a way which allows for identifying
and investigating the impact of anthropogenic electromagnetic fields on the cardio-
vascular system of the people. The method is based on the observation of the human
heart, which is within the territory of increased effect of EMF and for data comparison
within the territory of the controled area where the impact of EMF does not exceed
the norm. For conducting observations as a rate of arterial pressure ¢ is convenient to
use the share, which is reached by lower (diastolic) pressure D in relation to the upper
(systolic) S: 9 = D/S [7]. For the medical and environmental research at selected points
of test area of urban area of Ivano-Frankivsk city (Tab. 1) at one time with intensity
measurements of electric field (E), magnetic field () and the surface density of energy
flow (1) conducted measurements of heart rate (HR), systolic arterial pressure (S) and
diastolic arterial pressure (D). To determine the value of S and D and heart rate were
involved young people at the age of 2022, students of State higher education insti-
tution V. Stefanyk Carpathian National University. The indicators were determined
separately for men and women at each point of the test area. The measurements were
conducted five times at an intervals of 10 minutes separately by five men and five
women. The determination conducted under meteorological conditions of type II. At
each point of the test area was determined the arithmetic average value for S and D
and heart rate separately for men and women. Based on the determined average val-
ues S and D at each point of the test area separately for men and women was deter-
mined the value of arterial pressure ¢. The research results are presented in Table 2.
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4. Methods of Statistical Research

For the obtained data reproduced correlation coefficients were calculated using
spreadsheet Microsoft Excel (CORREL functioned) for indicators S, D, ¢ and heart
rate (Tab. 2) and indicatorsE__ ,H__,u ,E  H (Tab. 1) separately for men
and women. The results of the relevant calculations are represented in the Tables 3
and 4.

aver/ K aver

H

max’ H’max’

Table 3. The index of correlation between the value S, D, ¢, HR and E E

max’ aver’

H_ .. W, inthe points of test area, the men at the age of 20-22
Parameters S [mmHg] D [mmHg] ¢ [D/S] HR [beats/min]
E_ . [V/m] -0.0068 -0.3018 -0.3487 -0.3249
H__ [mA/m] 0.0058 -0.2813 -0.3351 -0.3260
u,,.. [mMW/em?] -0.0242 -0.2524 -0.2778 -0.3824
E, . [V/m] -0.0023 -0.2951 -0.3418 -0.3767
H . [mA/m] 0.0014 —-0.2868 -0.3375 -0.3778
u. [mW/cm?] -0.0820 -0.3261 -0.3186 -0.3458

Table 4. The index of correlation between the value S, D, ¢, HR and E

max’

H

max’ H’max’ Eaver’

H_ ., W, in the points of test area in the points of test area, women at the age of 20-22

Parameters S [mmHg] D [mmHg] ¢ [D/S] HR [beats/min]
E, o [V/m] 0.0033 -0.2811 -0.3254 -0.2922
H . [mA/m] 0.0151 —0.2622 -0.3111 -0.2951
o [MW/em?] -0.0128 -0.2631 -0.2946 -0.3315
E, o [V/m] 0.0185 -0.2449 -0.2925 -0.3101
H_ . [mA/m] 0.0248 —0.2247 -0.2744 -0.4133
Mo [MW/em?] -0.0624 -0.2236 -0.22033 -0.3075

The index of correlation r can take the value in the interval from -1 to +1, it
means -1 < 7 < 1. The correlation relationship can be positive (direct) and negative
(inverse). If r > 0, then it talks about positive correlation or direct connection be-
tween values when with increasing of one value increases on the average value of
the others. If r <0, the correlation is negative and it is inverse relationship between
values. This means that during the growth of the second value will on the average
decrease [9].

According to the data of correlation analysis is seen moderate negative corre-
lation relationship between heart rate in men and women and measures E__, H__,
W Ever Hor 1,0 Moreover, the maximum relationship is observed between heart
rate in men and p max. and heart rate in women and H

aver’
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The indexes of the correlation as a measure of relation between random values
are also random values, and have stohestic nature. The index of correlation as sam-
ple characteristics, is tested for significance due to Student criterion ¢. The real val-
ue t of the statistics t,  is compared with the table value t-distribution with n +m -2
degrees of freedom, and by the given significant level p<0.05.1f, I£ 1>t it canbe
concluded that the index of the correlation is positiv (significant), and the relation-
ship between the dependent variable and all independent factors is significant [11].

For the obtained data was calculated paired Student t criterion with one sided
distribution using spreadsheet Microsoft Excel (TTEST function) for the values S; D;
¢ and heart rate (Tab. 3) and the valuesE__ ,H_ ,u_,E ,H__ u (Tab.2)sepa-
rately for men and women. The results of the relevant calculations are represented
in Tables 5 and 6.

Table 5. Paired t-Student criterion with one sided distribution (texp),
men at the age of 20-22

Parameters S [mmHg] D [mmHg] ¢ [D/S] HR [beats/min]
E_. [V/m] 3.271 4.745 8.425 1.263
H__ [mA/m] 3.938 4.183 6.270 1.898
W, [mW/cm?] 7.321 9.407 0.001 3.074
E, . [V/m] 2.843 1.208 0.001 7.891
H . [mA/m] 5.385 4.369 8.143 2.220
.., [mW/cm?] 4.093 2.585 0.464 5.364

Table 6. Paired t-Student criterion with one sided distribution (top)r
women at the age of 20-22

Parameters S [mmHg] D [mmHg] ¢ [D/S] HR [beats/min]
E_  [V/m] 2.218 2.979 2.634 1.182
H,_ [mA/m] 5.483 7.237 3.926 2292
u, . [mW/cm?] 2.176 4.343 0.001 1.447
E, . [V/m] 3.401 2.907 7.574 2.540
H, . [mA/m] 1.299 1.267 2.977 2.175
W, o [MW/cm?] 2.550 3.896 0.349 1.982

The number of degrees of freedom f for all calculations is as follows (122 + 122) —
—2=242. In the table we find the value Student f-test (at p = 0.05) — 1.960 (¢
The positive (significant) index of correlation is when | texpl >t

tabl) :
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5. Conclusions

The conducted research and calculations suggest that the value of the human
arterial pressure and heart rate in general correlate with indicators of the electro-
magnetic field of the urban social ecological system in Ivano-Frankivsk city. In
particular:

— There is a statistically significant negative index correlation between the val-
ues of heart rate [beats/min.] and E__ [V/m], H _[mA/m], p__[mW/cm?] for
men and women at the age of 20-22 showing an inverse relationship between
these values at moderate correlation ratio between them.

— There is a statistically significant negative index of correlation between ar-
terial pressure ¢ and E__ [V/m], H _ [mA/m] for men and women the age
of 20-22 showing an inverse relationship between these values at moderate
correlation ratio between them.

— The moderate correlation ratio and negative index of correlation in men at
the age of 20-22 and the lower correlation ratio and negative index of correla-
tion in women at the age of 20-22 are statistically significant for indicators of
diastolic arterial pressure D [mmHg] and E__ [V/m].

— For the parameters of systolic arterial pressure S [mmHg] and electromagnet-
ic field indicators of urban social ecological system in Ivano-Frankivsk city
significant correlation relationships were not found.
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