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ELECTROMAGNETIC ENVIRONMENT CREATED BY MOBILE
COMMUNICATION AS A RISK FACTOR CAUSING HIGHER PREVALENCE
OF CIRCULATORY DISEASES

S.E. Shibanov, S.G. Yashchenko, S.Yu. Rybalko
V.1. Vernadsky Crimean Federal University, 5/7 Lenina Boulevard, Simferopol, 295007, Russian Federation

Our research goal was to examine energy and time parameters of electromagnetic environment created by mobile
communication terminals in Crimea and to detect a relationship between morbidity with diseases of the circulatory system
(DCS) among people living in the republic due to electromagnetic environment.

Electromagnetic environment was determined as per energy flux density (EFD) at terminals, average daily electro-
magnetic exposure (ADEE) and individual electromagnetic burden (IEB). Correlation analysis of all the obtained data was
performed to detect possible correlations with diseases of the circulatory system.

Measurements of electromagnetic environment created by terminals in the region during a period from March 2019 to
February 2020 (4,204 measurements at points where people used mobile communications intensely) yielded the following
results: average EFD value amounted to 1.43 + 0.04 pWt/cn?’; |EB, 117.80 + 6.55 (uWt/cm?)-min; ADEE, 60.56 + 1.15 min.

Electromagnetic environment parameters and prevalence of the most common DCSin Crimea were statistically proc-
essed and the following authentic correlations were revealed: between overall morbidity with circulatory diseases and en-
ergy (EFD (Tau=0.399; p < 0.01)) and integral (IEB (Tau=0.437; p < 0.01)) properties of electromagnetic radiation; be-
tween overall morbidity with diseases that involved elevated blood pressure and |EB (Tau=0.377, p=0.01); between primary
morbidity with diseases that involved elevated blood pressure and all electromagnetic radiation properties: EFD
(Tau=0.304, p=0.04), IEB (Tau=0.342, p=0.02), and ADEE (Tau=0.299, p=0.04); between primary morbidity with cere-
brovascular diseases (CVD) and ADEE (Tau=0.411, p < 0.01) astime property of the examined factor.

Energy and time parameters of electromagnetic environment created by mobile communication terminals that have
been measured in Crimea are authentically correlated with distribution of morbidity with circulatory diseases and exert their
influence on a risk of probable growth in morbidity with these nosol ogies among people living in Crimea.

Key words. electromagnetic radiation, electromagnetic burden, mobile phone, primary diseases, pathology of the cir-
culatory system.

Diseases of the circulatory system have
significant influence on labor and life poten-
tial of the contemporary world society as well
as demographic safety of any state; they are a
vital issue for contemporary medicine since
such diseases are among primary causes of
population mortality [1, 2]. However, morbid-
ity with diseases of the circulatory system and
its outcomes for population are different in
different countries. Thus, an authors’ team
conducted a research work based on analyz-
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ing trends in morbidity over 2001-2016 in
Great Britain and as a result it was established
that life expectancy grew approximately by
3 years per a decade. The primary factor here
was a decrease in frequency of hospitaliza-
tions, first of all, due to diseases of the circu-
latory system [2].

Statistical data collected in Belarus were
analyzed; as a result, the authors detected a
decrease in primary morbidity with diseases
from this nosologic category by 16 % from
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2011 to 2015 [3]. In Russia in 2018 a number
of registered cardiovascular diseases grew by
12.68 % against 2010'. When analyzing spe-
cific nosologies within the category, for ex-
ample, hypertensive diseases, experts de-
tected that morbidity grew by 28.12 % includ-
ing first diagnosed cases that grew by 78.69 %'.
Foreign researchers pay close attention to
conventional factors that influence risks of
cardiovascular diseases (imbalanced nutrition,
low physical activity, overweight, etc.) and
their scientifically grounded correction [4].
Some research works focus on patients’ age
and there are conclusions in them on the ne-
cessity to implement efficient preventive ac-
tivities for middle-aged and elderly people
[1]. Domestic researchers have revealed im-
pacts exerted by climatic-geographic and eco-
logic factors on deviations in population
health in a given region from the country
trends [5].

At the same time there are data on effects
produced on non-carcinogenic health risks by
electromagnetic radiation (EMR) created in
radio frequency (RF) spectrum [6, 7]. New
procedures are being developed to estimate
intensify of electromagnetic background and
population exposure [8] and there are studies
focusing on possible health risks caused by
environmental pollution with electromagnetic
fields generated by mobile phone base stations
[7]. Levels of electromagnetic fields (EMF)
are being examined, among other things,
within a context of assessing population expo-
sure [9].

It is quite promising to examine epide-
miologic situation regarding cardiovascular
diseases in regions with different climatic and
geographic conditions [5]. In this respect Cri-
mea seems an interesting region, especially
given mass reconstruction of mobile commu-
nications that is taking place in the republic at
the moment. It allowed us to formulate our
research goal that was to examine energy and
time parameters of electromagnetic environ-

ment created by mobile communication ter-
minals in Crimea and to detect a relationship
between electromagnetic environment and
morbidity with diseases of the circulatory sys-
tem among population in the republic.

Data and methods. We took data from
statistical reports issued over 2015-2019 to
analyze primary and total morbidity with dis-
eases of the circulatory system among popula-
tion in Crimea; the data were provided by the
Crimean Medical and Information Analytical
Center. We analyzed total and first detected
morbidity rates calculated as per 100 thousand
people living in Crimea; rates were analyzed
for the following classes of diseases according
to the International classification of diseases
(ICD-10) (the latest edition as of 2019): hyper-
tensive diseases, ishaemic heart diseases, and
cerebrovascular diseases.

We applied several parameters to esti-
mate electromagnetic environment: energy
flux density (EFD) as an energy parameter of
EMR produced by mobile communication
terminals; average daily electromagnetic ex-
posure (ADEE) as a time parameter of the
examined factor; and individual electromag-
netic burden (IEB) as an integral parameter
that depended both on energy flux density and
duration of exposure.

Electromagnetic environment was esti-
mated in 22 administrative districts in Crimea
through mobile monitoring over energy flux
density in radio frequency spectrum of radia-
tion created by mobile communication termi-
nals. To do that, we used PZ-34 measuring de-
vice (NTM “Zashchita”, Moscow, RF) with
AP 3-34 VNF antenna. The antenna was fixed
on a support device together with two Sam-
sung 430 mobile phones 0.37 meters away
from them and was located in a box on a car’s
trunk. MS&2712E portative spectrum analyzer
(Anritsu, USA) with A4aronia AG antenna
(Aaronia, Germany) was used at each measur-
ing point to analyze the background and to re-
move side EMF sources in radio frequency

! Zdravookhranenie v Rossii. 2019: stat. sb. [Public healthcare in Russia. 2019: statistical data collection]. Moscow,
Federal State Statistic Service Publ., 2019, pp. 70-78 (in Russian).
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spectrum. Then, we determined energy flux
density three times during 1 minute at 1.7 me-
ters high, both background level and those cre-
ated by each mobile phone during a phone
conversation with a remote interlocutor (pro-
vided that background level was lower than
0.5 pW/cm?®). We determined access burst
(AB) for each call, a time period necessary to
establish a connection during which a mobile
phone creates maximum electromagnetic ra-
diation; duration of this period is linearly de-
pendent on overall loads on a mobile network
in a given region [8]. To determine an average
duration of a phone conversation, we applied
crowdsourcing that involved collecting data on
time spent on using mobile phones provided
by volunteers. They collected data on average
daily time spent on using mobile phones from
detail reports on phone calls provided by Mo-
bile TeleSystems (MTS). We calculated indi-
vidual electromagnetic burden (IEB) using
data on EFD, duration of a phone conversation
and correction index CI (normalizaiton of a
current value to a minimum one detected in a
given region). To estimate duration of people’s
exposure to the examined factor, we took av-
erage daily electromagnetic exposure (ADEE)
[8] that was calculated taking into account du-
ration of a phone call, CI, and average daily
number of phone conversations determined
according to detail reports on phone calls. Ex-
perimental data were tested to determine
whether distribution was normal according to
Kolmogorov — Smirnov procedure. In case a
data series was distributed normally, we calcu-
lated simple mean and error of mean; if distri-
bution was not normal, we calculated median
(Me) and upper and lower quartiles (Q1; Q3).
Data series with normal distribution were
tested with Pearson’s linear correlation analy-
sis to detect any correlations; data series with
distribution that was not normal, with Kendall
rank correlation coefficient.

Results and discussion. Having analyzed
data on morbidity with diseases of the circula-
tory system among population in Crimea over
2015-2019, we were able to calculate medians
(Me (Q1; Q2)) of total morbidity that
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amounted to 47,923.3 (43,230.1; 51,877.8)
cases per 100 thousand people for diseases
of the circulatory system; 18,266.6 (6,877.7;
19,747.5), for hypertensive diseases; 19,543.9
(18,742.1; 20,740.2), for ishaemic heart dis-
eases; and 6,050.7 (5,557.8; 6,676.2), for cere-
brovascular diseases. Therefore, we can note
that diseases of the circulatory system are
mostly ishaemic heart diseases and hyperten-
sive diseases. As for primary morbidity with
diseases of the circulatory system among
population, medians calculated for primary
morbidity amounted to 2,911.8 (2,780.2;
4,355.7) for diseases of the circulatory sys-
tem; 697.2 (688.2; 1,187.0), for hypertensive
diseases; 906.6 (808.9; 1,538.4), for ishae-
mic heart diseases; and 811.7 (774.2; 951.8),
for cerebrovascular diseases. Given that, it
seems interesting that a share of cerebrovas-
cular diseases has grown considerably in the
structure of primary morbidity with diseases
of the circulatory system in comparison with
the same parameter in total morbidity with
the same diseases.

Experimental studies on electromagnetic
environment created by mobile communica-
tions in the region from March 2019 to Febru-
ary 2020 (4,204 measurements accomplished
at points where people used mobile communi-
cations quite actively) yielded the results given
in Table.

Calculated average EFD values varied
from 0.94 £ 0.03 pW/cm? (Belogorskiy district)
to 2.04 + 0.06 uW/cm® (Simferopol); average
value in Crimea was 1.43 + 0.04 pW/cm?, and
simultaneously measured access burst (AB)
varied from 6.35 + 0.19 sec (Dzhankoyskiy
district) to 11.31 = 0.41 sec (Simferopol), av-
erage value in Crimea was 9.05 + 0.41 sec.
Average daily duration of phone conversa-
tions varied from 44.5 = 2.76 min (Pervo-
maiskiy district) to 67.51 + 3.07 min (Yalta),
and average value in Crimea amounted to
56.94 + 2.77 min. Average calculated 1EB
in the region amounted to 117.80 £ 6.55
(uW/cm?)-min. Having analyzed the parame-
ter in greater detail, we spotted out cities
(Simferopol (254.11 + 11.51 (uWW/cm?)-min),
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Table
Parameters of electromegnatic environment created by mobile communications
on administrative districts in Crimea in 2019-2020
Adminitrsative EFD' Access burst | Duration of phone IEB’ Average daily
district (WW/cm?) (sec) calls a day (min) (uW/cm? min) | exposure (min)
Crimea 1.43+0.04 9.05+0.41 56.94 +2.77 117.80 £ 6.55 60.56 + 1.15
Simferopol 2.04 £ 0.06 11.31+£0.23 6732+1.94 254.11+11.51 7296 +1.34
Yevpatoria 1.30+0.05 9.39 +0.68 58.11+2.45 108.09 +£5.11 62.79 +1.07
Feodosyia 1.22 +0.05 9.39+£0.71 55.62 +1.87 102.75 +£4.89 60.30 + 1.75
Kerch 1.11+£0.04 8.08+0.43 62.41+3.44 79.60 +3.94 60.44 +0.89
Yalta 1.45+0.05 9.99 +£0.51 67.51 £3.07 156.44 +6.17 7249+ 1.11
Alushta 1.52+£0.06 11.13+0.44 47.10+£2.75 124.76 +4.34 52.67+2.97
Armyansk 1.09 + 0.04 7.94+0.17 4528 +3.10 64.11+2.84 49.17+1.91
Sudak 1.34+0.05 9.14+0.22 62.84+3.23 120.16 +5.34 67.37+2.77
Krasnoperekopsk 1.74 +£0.06 8.89+0.40 58.55+2.18 136.16 £4.71 62.95+2.51
Bakhchysaray district 1.23+0.05 9.71 £0.34 51.91+2.19 91.26 +3.58 56.76 +2.75
Belogorskiy district 0.94+0.03 7.57+0.29 46.46 + 1.88 54.13 +1.87 50.19+1.77
Dzhankoyskiy district 1.24+0.04 6.35+0.19 64.86 +2.54 80.35+2.90 67.85+2.54
Kirovskiy district 1.24+£0.05 8.62+0.28 58.21+2.32 104.58 +£2.15 62.62+2.82
Krasnogvardeiskiy district| 1.76 + 0.06 9.44 +0.32 65.44 +2.95 152.17 +£5.52 70.16 £3.72
Lenisnkiy district 1.48 £0.05 9.36+0.26 61.6+2.78 140.04 +4.88 66.29 +2.09
Nizhnegorskiy district 1.37+£0.06 8.22+0.39 452+2.11 83.34+4.51 49.31+1.94
Pervomaiskiy district 1.88£0.05 9.43+0.39 445+2.76 130.63 +6.02 4928 £2.11
Razdol’nenskiy ditsrict 1.32+0.04 8224032 62.8+3.07 114.70 +4.31 67.02+1.52
Sakskiy district 1.54 £ 0.06 11.05+0.27 59.7+2.95 162.47 +6.53 6522+292
Simferoplskiy district 1.27 +£0.03 8.65+0.41 53.1+1.85 91.56 +3.70 57.50 +1.87
Sovetskiy district 1.35+0.05 6.52+0.32 56.5+2.78 80.40 +2.98 59.72+2.14
Chernomorskiy district 1.98 £0.07 10.38 £ 0.41 48.1+1.95 159.41 £4.74 5329+1.84

Note: !

Yalta (156.44 + 6.17 (uW/cm?®)'min)) and
districts  (Chernomorskiy  (159.41 +4.74
(uW/cm?)'min) and Sakskiy (162.47 + 6.53
(uW/cmz)-min)) where individual electromag-
netic burden was higher than on average in
Crimea. IEB was next to minimal in some cities
(Armyansk (64.11 + 2.84 (WW/cm?)'min), Kerch
(79.60 + 3.94 (WW/cm®)'min)) and districts
(Belogorskiy (54.13 + 1.87 (wW/cm®)-min),
Dzhankoyskiy (80.35 + 2.90 (uW/cm®)-min).
Calculated average daily electromagnetic expo-
sure (ADEE) varied from 49.17 £ 1.91 min
(Armyansk) to 72.96 + 1.34 min (Simferopol)
and amounted to 60.56 + 1.15 min on average
in Crimea.

Next, we applied Kendall correlation pro-
cedure to statistically calculate correlations
between EFD, IEB, ADEE, and basic parame-
ters of morbidity with diseases of the circula-
tory system in Crimea. We managed to detect
authentic correlations between average annual
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means energy flux density; > means individual electromagnetic burden.

EFD and total morbidity with diseases of the
circulatory system (7au = 0.399; p < 0.01) and
primary morbidity with hypertensive diseases
(Tau = 0.304; p = 0.04); we also detected au-
thentic correlations between IEB and total
morbidity with diseases of the circulatory sys-
tem (7au = 0.437; p < 0.01), total morbidity
with hypertensive diseases (7au = 0.377;
p = 0.01), and primary morbidity with hyper-
tensive diseases (7au = 0.342; p = 0.02). Hav-
ing analyzed overall annual data, we detected
authentic correlations between ADEE and pri-
mary morbidity with hypertensive diseases
(Tau = 0.299; p = 0.04) and primary morbidity
with cerebrovascular diseases (7au = 0.411;
p<0.01).

At present there are different opinions on
impacts exerted by exposure to EMR created
by mobile phones on the cardiovascular sys-
tem. Thus, for example, authors of a review
[10] based on results obtained in several ex-
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perimental studies came to a conclusion that
mobile phones didn’t produce any effects on
hemodynamic parameters (heart rate or blood
pressure) or on electrical activity of the heart.
However, authors of a similar review [11],
though having mentioned absence of any ef-
fects on the heart by EMR created by mobile
phone frequencies, still stressed there were
certain compensatory mechanisms that would
weaken over time together with growing ad-
verse potential of probable cardiovascular
effects. If we keep in mind that a disease of the
circulatory system occurs after a necessary
time period, such potential growth of cardio-
vascular effects makes our detected correlation
between total morbidity with diseases of the
circulatory system and EFD and IEB look
quite regular. In its turn, results obtained by
colleagues from India who revealed changes in
blood pressure, heart rthythm, and heart rate
under exposure to GSM standard electromag-
netic radiation provide another illustration for
our detected correlation between total morbid-
ity with hypertensive diseases and individual
energy burden [12, 13].

Duration of phones calls using a mobile
device also has its impacts on the cardiovascu-
lar system. Szyjkowska A. and colleagues
(2019) proved in their experimental study that
if a person communicated over mobile phone
for more than 60 minutes a day, it had signifi-
cant influence on his or her blood pressure; it
was authentically (p = 0.04) different from
blood pressure of people who spent less than
1 hour a say on communicating over a mobile
phone [14]. Our detected correlations between
primary morbidity with hypertensive diseases
and ADEE confirm these data.

Another interesting finding is a correlation
between primary morbidity with cerebrovascu-
lar diseases and ADEE; it is in line with litera-
ture data on detected ischemia of the brain ves-
sels under exposure to electromagnetic radia-
tion created by mobile phones [15]. It is also
indirectly illustrated with research works that
focused on influence exerted by different EMF
frequencies on hormones and enzymatic activ-
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ity of the brain [16]; the authors examined
mechanisms that underlay effects produced by
EMF at tissue and cellular levels and described
how calcium channels in membranes activated
as a response to exposure to EMF. Besides, in
our research, we detected a difference between
a place that belonged to cerebrovascular dis-
eases in total and primary morbidity with dis-
eases of the circulatory system as well as con-
siderable growth in a share belonging to such
diseases in primary morbidity with diseases of
the circulatory system. So, we can assume that
the overall structure of morbidity with diseases
of the circulatory system might change in fu-
ture. Given that, it seems vital to accomplish
further experimental epidemiologic research
focusing on adverse effects produced by expo-
sure to EMF created by mobile phones.
Conclusion. We examined electromag-
netic environment created by mobile phones in
Crimea from March 2019 to February 2020; as
a result, the following average parameters
were determined: energy flux density (EFD),
1.43 £ 0.04 pW/cm?; individual energy burden
(IEB), 117.80 = 6.55 (pW/cmz)-min; average
daily electromagnetic exposure (ADEE),
60.56 £ 1.15 min. Having analyzed correla-
tions between prevalence of circulatory dis-
eases and parameters of electromagnetic envi-
ronment, we revealed the following authentic
correlations: between total morbidity with
diseases of the circulatory system and the en-
ergy parameter of electromagnetic radiation or
EFD (Tau = 0.399; p<0.01) and its integral
parameter or IEB (7au = 0.437; p < 0.01); be-
tween total morbidity with hypertensive diseases
and the integral parameter or I[EB (7au = 0.377,
p = 0.01); between primary morbidity with hy-
pertensive diseases and all three parameters, or
EFD (Tau=0.304, p=0.04), I[EB (7au=0.342,
p = 0.02), and ADEE (Tau = 0.299, p = 0.04);
between primary morbidity with cerebrovascu-
lar diseases and the time parameter of the ex-
amined factor or ADEE (7Tau=0.411, p<0.01).
Therefore, energy and time parameters of elec-
tromagnetic environment created by mobile
phones that have been measured in Crimea are
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