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Abstract. Hygienic characteristic of the electromagnetic situation created by the electromagnetic radiation of the
antennas of mobile base stations in Cherkasy region before and after the introduction of 4G technology.
Halak S.S., Dumansky V.Yu., Nikitina N.G., Bitkin S.V., Bezverkha A.P. This work is part of our researches to
study the distribution of electromagnetic radiation from mobile base stations in populated areas. The aim of this work
was to study and analyze the electromagnetic situation before and after the introduction of fourth generation 4G
technology at mobile base stations. We analyzed the maximum and average levels of electromagnetic radiation from
mobile base stations located in Cherkasy region. The electromagnetic situation was studied both in urban areas and in
rural areas. It was found that after the introduction of the fourth generation 4G technology at the mobile base stations,
the levels of electromagnetic radiation in Cherkasy region increased significantly. The median of maximum levels of
electromagnetic radiation increased by 155.6% (in particular, in urban areas by 194.1%), and the median of average
levels - by 75.2% (in particular, in urban areas by 141.1%). No significant changes in electromagnetic radiation levels
were detected before and after the modernization of mobile base stations in rural areas. It has been proven that there
are no prerequisites for increasing the maximum permissible level to 100 uW/cm® when implementing 4G and 5G
technologies at mobile base stations.

Pedepar. 'urueHnyeckasi XapakTepuCcTHKA 3JIEKTPOMATHUTHONH 00CTAHOBKH, CO3/1aBaeMOii 3J1eKTPOMATHUTHBIM
H3JIy4YeHHeM AHTeHH 0a30BBIX CTaHIMH MOOWJILHON cBsi3M B Yepkacckoil 00J1acTH, 10 M TNOcjJe BHEAPEHHUs
Texnosorun 4G. I'agak C.C., Aymanckuii B.10., Hukutuna H.I'., Butkun C.B., be3epxas A.Il. Oma paboma
SGNAEMCIL YACMbIO HAWUX UCCTIe008AHULL NO U3YUEHUIO PACIPeOeleHus JIeKMPOMACHUMHO20 U3LYHeHUsl Om 6a306bix
cmanyuii.  MOOUNbHOU C6A3U 8 HaceleHHvlX Mecmax. Llenvio oOanHou pabomosl ObLIO U3VUeHUe U AHAIU3
INEKMPOMAZHUMHOU 0OCMAHOBKU 00 U NOCle 6HEeOPEeHUs HA 0a308bIX CMAHYUAX MOOUNbHOU C8A3U MeXHOI02UU
uemeepmozo noxkoaenusi 4G. Hamu 6vinu npoanaiuzuposanvl MaxcuMaibHble U cpeoHue YPOosHU INEeKMPOMACHUMHO20
U3yueHuss om 0a308bIX CMAHYULL MOOUTBHOU C6:3U, pacnonodicennvix 6 Yepracckot obnacmu. Hccredosanace
INEKMPOMASHUMHASL OOCMAHOBKA KAK HA MEPPUMOpUU 20p0008, MaK U 8 CelbCKOU MeCHMHOCHU. YCcmanosneno, 4mo
nocie @HeOpeHus Ha 6A306blX CMAHYUAX MOOUTLHOU 63U mexnonozuu wemeepmozo noxonenuss 4G 6 Yepracckou
obnacmu  3HAYUMENbHO GbIPOCAU YPOGHU INECKMPOMASHUMHO20 U3yYeHus. Meouana MAakCUMAnbHulX yposHel
INEKMPOMASHUMHO20 U3YYeHus yseauuunacs Ha 155,6% (6 wacmnocmu, na meppumopuu 20pooos na 194,1%), a
cpeonux — Ha 75,2% (8 wacmmocmu, ma meppumopuu 20po0o8 na 141,1%). He 0Ovino 6viasieHo 00CmMOBEpHbIX
UBMEHeHUTl YPOGHell dNEeKMPOMASHUMHO20 ULYYEeHUsl 00 U NOCTe MOOEPHU3AYUY DA308bIX CIAHYULL MOOUTLHOU C8513U 6
CenbCKoll Mecmuocmu. JJoKazano, 4mo He cyujecmsyem npeonochllok OJisl YEeIUudenus npeo0eibHO 00NYCIMUMO20 YPOGHS
00 100 mxBm/cx’ npu énedpenuu na 6azo6vix cmarnyusx mobunshoi cészu mexnonocuii 4G u 5G.
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Due to the fact that Ukraine plans to introduce
5G mobile technology and is actively implementing
4G technology, we conducted research on the levels
of electromagnetic radiation (EMR) from the
antennas of mobile base stations before and after the
introduction of technology 4G.

Electromagnetic radiation from mobile devices,
including 4G and 5G standards is a dangerous factor.
The International Agency for Research on Cancer
(IARC) classifies non-ionizing electromagnetic
radiation from the antennas of mobile base stations
to Group 2B as a "potentially human carcinogen"
factor. Animal studies have shown that EMR affects
the  physiological, biochemical, cytological,
embryological parameters of the body of experi-
mental animals, and leads to the development of
malignant tumors [6, 7, 8, 9].

In addition to the risk of cancer from electro-
magnetic radiation, several studies have shown other
possible adverse effects on the health of people
living near mobile base stations. Symptoms such as
fatigue, sleep disturbances, headache, dizziness,
cardiovascular symptoms, depression and difficulty
concentrating and remembering have been
reported [4, 5]. The study [10] found an increase
in cancer incidence among the population living
near mobile base stations, and found a correlation
between cancer mortality rates and capacity of
mobile base stations.

The aim of the work was to study and analyze the
electromagnetic environment created by electro-
magnetic radiation of antennas of mobile base
stations in Cherkasy region before and after the
introduction of 4G technology.

MATERIALS AND METHODS OF RESEARCH

This study analyzed the results of calculations of
the distribution of electromagnetic radiation from
the antennas of mobile base stations located in the
Cherkasy region before (2016-2017) and after
(2019-2020) the introduction of 4G technology.

The results of the calculations were taken from
the section "Environmental Impact Assessment" of
projects for the construction and / or modernization
of mobile base stations.

Calculations of electromagnetic radiation distri-
bution were performed in accordance with the
requirements of the State Sanitary Norms and Rules
for Protection of the Population from Electro-
magnetic Radiation (Order of the Ministry of Health
of Ukraine of August 1, 1996 Ne 239) [2] according
to the methodology approved by the Ministry of
Health of Ukraine [3].
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We analyzed data from 106 projects for the
construction and modernization of 53 base stations
of mobile communications which are located in the
Cherkasy region. The same base stations before and
after the modernization were considered.

The results of calculations of EMR levels from
base stations both in urban areas (31 base stations)
and in rural areas (22 base stations) were analyzed.
We considered urban-type settlements as rural areas.

The following indicators were studied (before
and after modernization): the maximum level of
EMR at a height of 2 m from the ground surface;
average level of EMR (average value of maximum
levels of EMR in the directions of maximum
radiation of panel antennas of base stations) at a
height of 2 m from the ground surface.

The following statistical methods were used in
data analysis: finding the average; finding the
median; Kolmogorov-Smirnov criterion; Shapiro-
Wilk criterion; Wilcoxon T-test [1].

The lack of normal data distribution was found in
the statistical analysis, so further analysis of the
results and conclusions were made on the basis of
Wilcoxon's T-test and the median EMR levels.

STATISTICA 10 (licensed No. STA999K347156-
W) was used for statistical analysis and calculations.

RESULTS AND DISCUSSION

The results of the study were based on the
analysis of projects for the construction and / or
modernization of 53 mobile base stations before
and after the introduction of 4G technology. The
generalized results of this analysis are shown in
Tables 1-3.

Statistical analysis of the results showed a
significant increase in the median of both ma-
ximum and average levels of EMR from mobile
base stations in Cherkasy region after their mo-
dernization.

Significant changes (increase in median) of maxi-
mum and average levels of EMR from base stations
in the urban area of Cherkasy region were revealed.
No significant changes in EMR levels before and
after modernization were found in rural areas.

After the introduction of 4G technologies at the
base stations of mobile communication in Cherkasy
region, the median maximum levels of EMR
increased by 155.6% (in particular, in urban areas by
194.1%), and average — by 75.2% (in particular, on
the territory of cities — by 141.1%).

After analyzing the above results, we found that
the increase in EMR levels around mobile base
stations occurs mainly in cities.

Licensed under CC BY 4.0
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Table 1
The results of the distribution of EMR levels from mobile base stations,
located in Cherkasy region (53 base stations)
Value Mean Median Min Max
Maximum level before modernization 0.6309 0.4269 0.0020 2.4187
Maximum level after modernization 1.3851 1.0910 0.0520 6.2280
Average level before modernization 0.5455 0.3500 0.0010 2.4187
Average level after modernization 0.9194 0.6131 0.0493 3.9410

Notes: Mean — average value of EMR levels, pW/cmz; Median — median EMR levels, uW/cmz; Min — minimum value of EMR levels, pW/cmz;
Max — maximum value of EMR levels, pW/cm®

Table 2
The results of the distribution of EMR levels from mobile base stations,
located in the cities of Cherkasy region (31 base stations)
Value Mean Median Min Max
Maximum level before modernization 0.8058 0.5975 0.1650 2.4187
Maximum level after modernization 1.9872 1.7570 0.1670 6.2280
Intermediate level befor modernization 0.7171 0.4913 0.1392 2.4187
Average level after modernization 1.3260 1.1847 0.1317 3.9410

Notes: Mean — average value of EMR levels, pW/cm?; Median — median EMR levels, pW/cm*; Min — minimum value of EMR levels, pW/cm?;
Max — maximum value of EMR levels, pW/cm?;

Table 3
The results of the distribution of EMR levels from mobile base stations,

located in the countryside of Cherkasy region (22 base stations)

Value Mean Median Min Max
Maximum level before modernization 0.3843 0.3072 0.0020 1.3038
Maximum level after modernization 0.5366 0.3320 0.0520 2.7400
Average level before modernization 0.3037 0.2690 0.0010 0.7732
Average level after modernization 0.3465 0.2112 0.0493 1.1873

Notes: Mean — average value of EMR levels, yW/cm?; Median — median EMR levels, yW/cm?®; Min — minimum value of EMR levels, pW/cm?;
Max — maximum value of EMR levels, pW/cn’.

It should be noted that in Ukraine during our - until May 16, 2017 — 2.5 pW/cm® (Order of the
study, the maximum allowable level (MAL) of Ministry of Health No.239 of 01.08.1996.
electromagnetic radiation from mobile base stations Registered with the Ministry of Justice of Ukraine
varied and was: on August 29, 1996, No. 488/1513);
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- from May 16, 2017 to January 8, 2021 —
10 pW/cm?* (Order of the Ministry of Health No. 266
of March 13, 2017. Registered with the Ministry of
Justice of Ukraine on May 16, 2017 No. 625/30493);

- from January 8, 2021 — 100 uW/cm® (Order of
the Ministry of Health No.2760, 30.11.2020.
Registered in the Ministry of Justice of Ukraine on
January 08, 2021, No. 26/35648).

As can be seen from the results of the study, no
case of exceeding the maximum allowable level was
detected, which before modernization (2016-2017)
was 2.5uW/cm?, and after modernization —
10 pW/cmz. However, after the modernization of
base stations, the maximum levels of EMR in 18.9%
of cases (10 out of 53), and the average levels of
EMR in 5.7% of cases (3 out of 53) exceeded the
"old" maximum allowable level — 2.5 pW/cm®.

It was found that the median value of the
maximum levels of EMR before modernization was
0.4269 pW/ecm® (17.08% of MAL — 2.5 uW/em?),
and after modernization — 1.0910 pW/cm* (10.91%
of MAL — 10 pW/cm?).

These results show that there are no technical
prerequisites for increasing the maximum permis-
sible level to 100 pW/cm® when implementing 4G
and 5G technologies at mobile base stations.

CONCLUSIONS

1. It is established that after the introduction of 4G
technology at the base stations of mobile com-
munication in the Cherkasy region, the median of the
maximum levels of EMR increased by 155.6% (in
particular, in the cities by 194.1%), and average — by
75.2% (in particular, in urban areas by 141.1%).

2. It is shown that the increase in EMR levels
occurs mainly in the cities of Cherkasy region. No
significant changes in EMR levels were observed
before or after the modernization of mobile base
stations in rural areas.

3. No cases of exceeding the maximum permis-
sible levels of EMR were detected both before and
after the modernization of base stations.

4. It was found that after the modernization of
base stations, the maximum levels of EMR in 18.9%
of cases, and the average levels of EMR in 5.7% of
cases exceeded the "old" maximum allowable
level — 2.5 uW/cm2.

5. It is proved that there are no prerequisites for
increasing the maximum allowable level to
100 pW/cm® when implementing 4G and 5G techno-
logies at mobile base stations.
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