SCIENTIFIC HORIZONS

SCIENTIFIC

nnnnnnnn

Journal homepage: https://sciencehorizon.com.ua
Scientific Horizons, 25(10), 99-106

UDC539.1.04
DOI: 10.48077/scihor.25(10).2022.99-106

The Influence of the Radiation Background of City-Forming Settlements
with NPPs on Public Health and the Environment

Anastasiia Bolotnikova’', Hanna Malyshevska

Bohomolets National Medical University
01601, 13 Taras Shevchenko Blvd., Kyiv, Ukraine

Article’s History: Abstract. The radioactive decay of elements as a result of a nuclear reaction
Received: 09/13/2022 is a powerful source of energy used in the production of electricity and
Revised: 11/02/2022 heat in cities close to NPPs. The problem of using this kind of energy is
Accepted: 11/29/2022 the danger of radiation exposure. The production of nuclear energy has

many advantages, including the profitability of the final product and its
Suggested Citation: low cost; on the other hand, the half-life products of radionuclides in the

Bolotnikova, A., & Malyshevska, H. composition of gas-aerosol emissions from ventilation pipes settle in the
(2022). The influence of the radiation environment on the territory of city-forming nuclear power plants. The
background of city-forming settlements duality of the problems of the impact of radiation background on the urban
with NPPs on public health and the areas near NPPs has become the purpose of this study. It is necessary to
environment. Scientific Horizons, 25(10), investigate the negative effect of radioactive waste emissions during the
99-106. normal operation of nuclear power plants. For this purpose, the method of
a project experiment was used, during which, using laboratory monitoring
of external radiation safety and an automated radiation monitoring system,
indicators of exposure dose capacities were collected from points in the
30-kilometre zone around the NPP.As a result of the monitoring of radiation
samples from soil, atmospheric air and precipitation, and reservoirs, it
was revealed that the natural radiation background is insignificant; the
probability of harm from radiation exposure is small and insufficient for
the development of radiation sickness. However, potentially unsafe sources
of radiation exposure have been identified, such as natural radiation -
the consumption of contaminated food, solar and cosmic radiation from
radioactive elements present in the bowels of the earth; radionuclides,
whose emissions uncontrollably occur into the atmosphere; radioactive
waste, the disposal and storage technology of which is economically costly.
Therefore, it is justified to conduct regular design experiments to check
the operability of automated radiation monitoring systems. The materials
of the study are of practical value for chemists, environmentalists, and
ecotechnologists working at NPPs that monitor safety for human health
and environmental protection in the field of atomic energy use

Keywords: nuclear energy, nuclear power plants, radiation, exposure dose

indicators
Copyright © The Author(s). This is an open access article distributed under the terms of the
~ Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)

*Corresponding author



100

The Influence of the Radiation Background of City-Forming Settlements with NPPs on Public Health and the Environment

INTRODUCTION
lonising radiation enters the environment from vari-
ous sources - streams of photons or other elementary
particles capable of ionising matter. In the process of
a nuclear chemical reaction, radioactive elements are
released, the energy of which is converted into other
types of energy, such as heat or electricity. The back-
ground radiation can come from both natural and ar-
tificial sources. Unfortunately, the half-life products of
artificial nuclei, when ingested into the human body,
replace living cells, destroying tissues from the inside
(Environmental Safety Report, 2020).

P. Pereira et al. (2022) in their study provide re-
ports on how some radionuclides affect the human
body. Thus, the radionuclide Caesium-137 causes sarco-
ma, Strontium-90 replaces calcium, causing leukaemia,
bone and breast cancer; Krypton-85 leads to skin can-
cer. The main organs and parts of the human body that
take on radiation in the first place: skin, bone tissue,
bone marrow, lungs, stomach, intestines, inguinal zone;
the thyroid gland and spleen are the next to be exposed
to radiation; the trachea and liver are the last. The
changes in the environment that the radiation back-
ground produces are caused, firstly, by the extraction
of raw materials, during which the ecosystem of soil
and vegetation is destroyed, the atmosphere and the
aquatic environment are polluted by radioactive and
chemical products. Secondly, the reproductive capacity
of flora and fauna is reduced, and species mortality and
morbidity are increased. The risks lie in the fact that
environmental pollution by city-forming nuclear power
plants entails an accelerated process of extinction of
mankind, since by consuming contaminated food and
water, humans and animals expose themselves to ra-
diation from the inside, thereby accelerating the process
of spreading the radiation background.

The amount of the dose received, the duration
of exposure to radiation, and the state of human health
and wildlife are the factors that affect the nature of
the course of radiation sickness or death. The power of
the absorbed dose of 10,000 rad on the human body
is fatal within a few hours or days (depending on the
degree of damage). The indicator of natural radiation
that a person acquires from terrestrial radiation is 0.1
rad (Pereira et al., 2022).

Modern studies by Ukrainian (Hromyka, et al.,
2020; Zabulonov, et al., 2021) and Western European
researchers (Partanen et al.,2020; Oe et al., 2021; Bold-
saikhan, & Juyoul, 2021) indicate that nuclear power
has been firmly embedded in the industry of the world
economy. V. Burtniak et al. (2018) and O. Trofymchuk
et al. (2021) cite the following statistics in their papers. To
date, 31 countries of the world produce electricity and
heat with the help of nuclear power plants,and 73 en-
ergy facilities are being developed in another 15 coun-
tries. 140 surface and submarine ships use nuclear reac-
tors,and in the last century, Soviet and American design
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engineers used nuclear reactors in spacecraft that are
still in Earth orbit. In connection with the facts presented,
the thesis that humanity will soon abandon nuclear en-
ergy is questionable. Moreover, the search for alterna-
tive energy sources is a complex and lengthy process
with high resource costs and low performance forecasts.
Therefore, the preservation of wildlife and the reduc-
tion of human morbidity associated with the effects of
radiation on the body is a promising plan for the devel-
opment of energy technologies of international atomic
protection organisations (Shielding radiation..., 2020;
Gender + Radiation Impact Project, 2022). The World
Nuclear Association (WNA, 2020), analysing trends in
the global nuclear industry, notes that compliance with
technological standards for the operation of nuclear
power plants reduces the risks of environmental pol-
lution, in turn, opponents of such an energy source cite
evidence of a threat to human life and natural resources.

This study is aimed at investigating the indicators
of the automated radiation monitoring system (ARMS)
using the indicators of EDR (exposure dose rate). The
purpose of the study is to investigate the influence of
the radiation background of city-forming nuclear power
plants on public health and the environment.

MATERIALS AND METHODS

The study was conducted from January 2020 to December
2021.The following methods were used in the process.
The theoretical ones include the analysis and synthe-
sis of academic literature on ecology, biology, chemistry,
physics,and nuclear energy. The concretisation and syn-
thesis of theoretical data showed the relevance of the
problem under study and allowed setting a goal and
objectives. A comparative analysis of the achievements
of world scientists in the nuclear power industry was
carried out using the method of analogies. An approach
to investigating the influence of NPP radiation on the
adjacent territories of settlements and wildlife is theo-
retically modelled. For this purpose, a diagnostic eval-
uation of the determination of the exposure dose rate
was carried out. The empirical study started with the
analysis of the experience of energy generating compa-
nies of the present and past years, regulatory and edu-
cational documentation, and reports on environmental
safety. The main experiment took place in three stages:
ascertaining, formative, and control. Methods of mathe-
matical statistics and graphical representation (figures,
tables, diagrams) were used to summarise the results
and generate conclusions. The experimental base of
the study was the Scientific and Production Association
“Typhoon”.

During the first, ascertaining stage, after analys-
ing the necessary scientific and methodological litera-
ture, it was decided to investigate the annual indicators
of the results of determining the exposure dose rate. A
laboratory experiment to control the radiation situation




was carried out on the territory of the Khmelnytskyi
NPP, on the shore of the Netishinskyi reservoir of the
Hnylyi Rih river. The industrial site of the Khmelnytskyi
NPP accommodates 2 departments of reactor power
units and workshops of construction and installation
organisations. The city-forming settlements of residen-
tial areas of the Khmelnytskyi NPP form the territories
of the Khmelnytskyi (part of the Shepetivskyi district)
and Rivne (part of the Rivnenskyi district) oblasts. The
release of radionuclides is carried out through venti-
lation pipes as part of gas-aerosol waste coming from
each power unit.

Soil sampling was carried out 1 time a year at
8 radiation monitoring stations. Using the envelope
method, 5 soil samples 5 cm deep were excavated in
each square with 10 x 10 m sides. Water samples were
taken from the nearby Hnylyi Rih river water reservoir.
Several samples were taken: one from the basin of the
cooling reservoir of the Khmelnytskyi NPP and the
second from the water area of the fishing station.

During the next, formative part of the study, in
the 30-kilometre zone of the Khmelnytskyi NPP, expo-
sure dose indicators were taken from sensors of the
automated radiation monitoring system located at ra-
diation monitoring points at different distances from
the NPP. With the help of dosimeters, the indicators of
annual dose absorption in settlements were measured.
Summing up the above indicators, conclusions were
drawn about the state of the radiation background in
the atmosphere, soil, and reservoirs. The EDR measure-
ment was carried out with a DRG-01 T dosimeter.

At the final, control stage, after analysing all the
data obtained from the annual survey of radiation back-
ground indicators from all points on the territory of the
30 km zone of the NPP, it turned out that the indicators
of radionuclide emissions increased, but are within ac-
ceptable limits. As in general, the data of the dosimeter
of the calculation of the EDR, which ranged from 0.09
to 0.16 mSv/h.The sums of all other sample indicators are
presented in the following sections using mathematical
and graphical methods of providing information.

65%
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RESULTS AND DISCUSSION
The industrial site of the Khmelnytskyi NPP is a sani-
tary zone where any economic activity and permanent
residence of people are prohibited, but temporary stay
of workers of category A (personnel who work directly
with artificial sources of ionising radiation) and B (per-
sonnel who do not work directly with artificial sources
of ionising radiation, but their workplaces are located
in the zone impacts) is allowed. The time spent at the
industrial site is limited to 180 days per year. The dose
loads on the territory of the sanitary protection zone
were estimated from external (emissions of radioactive
clouds and their deposits in the soil) and internal (in-
halation of atmospheric air and consumption of con-
taminated food) exposures. Outside the 30-km zone,
the radiation background in residential areas of the
Khmelnytskyi NPP is determined by the values of the
total safety factor on the ground, equal to the ratio of
the annual radiation dose to the permissible dose limit.

The population density near nuclear power plants
within a radius of 3 km to 10 km is very high and is
about 316 people/km? at the expense of the urban
population, and the density of the rural population in
this radial interval is 70 people/km?. In general, in the
30-km zone around the Khmelnytskyi NPP, the popu-
lation density is 134 people/ km2. Currently, the NPP
region is densely populated with a fairly high level of
industrial and agricultural development, where indus-
trial and transport companies are located. In agricul-
ture, the 30-kilometre zone is an area of intensive ag-
riculture with developed animal husbandry, dairy, and
vegetable growing areas.

During the formative experiment, the authors of
the study investigated the contribution of various ra-
diation sources to the collective radiation dose of the
population of the Netishynskyi district in the vicinity of
the NPP (Fig. 1). It can be seen that the main dose of
radiation the population of the district receives from
enterprises with sources of ionising radiation (65%) and
from natural sources (35%). These indicators are different
for each of the regions and are not constant over time.

35%

Natural sources

m Enterprises with SIR

Figure 1. The results of the study of the general effect of background radiation
from various sources on the regions adjacent to the NPP territory

Proponents of nuclear energy claim that the de-
scribed radiation doses are too low to cause any “proven”
harm, however, the results of research (Arguments against

nuclear energy, 2020) indicate that among children and
pregnant women, leukaemia diseases and disorders
of the nervous system are associated with doses that
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are within the levels “background” radiation, which is
claimed by the industrial industry. Low doses of radia-
tion can cause serious oncological diseases, including
blood diseases (leukaemia) and diseases not related to
oncology, for example, diseases of the cardiovascular
system, genetic damage to the DNA of reproductive
cells, deterioration of the development of the nervous

system, and many other diseases that may manifest
several years after exposure. This phenomenon has been
called the “delayed action” of radiation.

Table 1 shows the average monthly values of
EDR indicators of surface and atmospheric air, soil and
water samples obtained during the formative stage of
the experiment.

Table 1. The results of the study of the average monthly and average annual indicators of the radiation background
samples of the residential area of the city-forming Khmelnytskyi NPP

Atmospheric

Month EDR indicators  Sround it precipitation Soilsamples  Water samples
(Ba/m?)

January 0.09 27 0.47 0.12 88
February 0.12 20 0.54 0.15 78
March 0.12 22 0.50 0.17 69
April 0.13 13 0.49 0.19 245
May 0.10 10 0.46 0.18 264
June 0.11 26 0.52 0.13 235
July 0.15 15 0.45 0.11 246
August 0.17 17 0.56 0.24 267
September 0.11 21 0.84 0.10 92
October 0.09 12 0.73 0.20 152
November 0.12 18 0.82 0.22 105
December 0.11 16 0.67 0.21 211
Average for the year 0.85 18.9 0.58 0.16 171

After analysing the data on the ARMS of the re-
ception and transmission points of the average monthly
values of EDR in the 30-km zone for 2021, the authors
of this study note that there were no significant devi-
ations from the radiation background in the surveyed
area. The average annual rate of 0.85 mSv/h is within
the fluctuations of the global background and does not
exceed the normative indicators for the territory. The
average annual radioactivity of the surface layer of air
is 18.9-10° Bg/m?, which is 2.9 times lower compared to
the surveys for 2020, which were analysed by P. Pereira
et al. (2022). High precipitation rates are observed for
the period from September to November, which affected
the average annual value of 0.58 Bg/m®. Table 1 shows
that the average annual value of the background radi-
ation in these territories is 0.16 kBg/m?% The average
background radiation in the cooler basin is 3 times
higher than in the riverbed - 171 mBg/L. It follows from
this that the increased content of radionuclides in cooling
basins does not affect their content in rivers.

The state of radiation activity in samples of
agricultural products is significantly lower than the
permissible specific activity of radionuclides: meat -
0.70 Bg/kg, milk — 0.35 Bg/kg, vegetables and cereals -
0.35 Bg/kg. Meat and milk sampling was carried out
1 time a year in the summer.Vegetables, root crops, and
grains were sampled during the seasonal harvest. The
planned catch of fish was carried out to take samples
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to study the activity of radionuclides in fish products.
The samples were also taken once a year, the indicator is
0.70 Bg/kg per year. The number of radionuclides identi-
fied on the territory of the Khmelnytskyi NPP and adjacent
territories included: *Cr, *°Fe, >8Co, ¢*Zn, #Sr, %°Zr, 1%Ru, 1],
1#1Ce, **Ce. The data indicators collected on the territory
of the Khmelnytskyi NPP are 0.91 mGy. As a result, it can
be argued that the average annual total risk of radiation
exposure for the population in the area near the NPP is
equal 8.6:107,directly on the territory of the Khmelnytskyi
NPP it is equal 5.6-107, which is 65% of the total percent-
age of radiation occurring in the surveyed area.

In addition, according to the authors, the use of
new equipment, the closure of reactors and the aban-
donment of nuclear power facilities that have exceeded
their service life can reduce the dose of human radia-
tion exposure, and avoiding the consumption of food
produced in contaminated areas naturally leads to a de-
crease in collective radiation doses. However, according
to J. Perkins, et al. (2019), many people carry artificial
radiation in their bodies as a result of the work of nu-
clear technologies, especially emissions that occurred
as a result of atomic bomb tests and accidents at nu-
clear power plants. The largest of them are: the acci-
dent at the Mayak plant, 1967 (Chelyabinsk Oblast, Rus-
sia); Windscale, 1957 (Scotland, UK); Three Mile Island,
1979 (USA); the accident at the Chornobyl NPP, 1986
(Ukraine); and in 2011, Fukushima (Japan) (Nuclear




reactors..., 2020; Fukushima catastrophe at 6..., 2019).
The consequences of these accidents have caused ir-
reparable harm to the world's population and their nat-
ural environment (Rowlatt, 2020).

J.F.Barquinero et al. (2021) noted that changes
in radiation emissions into the environment should
be made considering comprehensive assessments of
the risks existing in the region, and the mandatory es-
tablishment of appropriate priorities. This approach
allows focusing only on those problems that require
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attention. However, M. Partanen et al. (2020) consider
the transition to an ecocentric approach in the field
of ethics of relationships with nature, which are not
found or very rarely found in the industrial sector,
to be a priority. Having investigated the experience
of Western European countries (Kosovets, 2015; Chu-
mak et al, 2016) on the assessment of background ra-
diation control in (Table 2), the authors of this study
presented the main observations obtained from this
information.

Table 2. Examples of automated radiation monitoring systems in some countries of the world

Technological support

Features of the application

Country Controlled territories of NPPs of ARMS Availability
Scandinavian countries . . .
. - . L 290 stations across The results are entered into To the authorities.
Finland 20 stations in the Leningrad the country the National Data Bank. In real time
NPP district
Monitoring centre indicators Gamma backaround control The indicators are To the authorities
Bulgaria  from 35 stations across the g transmitted to the control . :
system In real time
country and response centre
RIMNET - national network .
. 94 posts across the country . It mainly tracks the .
United ; A for analysing the dose rate - UK National Nuclear
- th a large location in the T consequences of foreign
Kingdom (wi of gamma radiation in the : Database
coastal area) atmosphere nuclear accidents.
Automatic registration
. 212 measuring posts across TEI.‘ERAD - a system . of artificial r'ad.|oact|ve Official website, freely
Belgium of 4 rings around nuclear isotopes, consisting of 10- -
the country > available
power plants 30 m. masts of stations for
mobile measurement
The system of forecasting
. the radiation situation, . .
Japan 19 prefectures and 217 posts Computerised dose observing weather conditions On the official website,

determination system

near radiation-hazardous freely available

enterprises

The studies by O. Hromyka et al. (2020) and
J. Rowlatt (2020) show that mainly developed countries
define ensuring safety from radiation catastrophe as a
priority area of policy (Table 2). ARMS will not protect
from radiation, but it will allow taking timely measures
to prevent a man-made disaster. Adopting the expe-
rience of developed countries, it is possible to organ-
ise a single automated network with the countries of
the second and third world at the international level.

F. Krasnogorova (2015) has revealed that on the territory
of the city-forming enterprises of the Khmelnytskyi NPP
there are radionuclides that are of natural origin and
can be isolated as a result of chemical reactions at an
industrial site. By their nature, such radionuclides are
unpredictable and, without constant monitoring and
compliance with safety measures, can cause harm even
during normal operation of power plants. For example,
the main radionuclides are presented in Table 3.

Table 3. The main radionuclides formed as a result of the operation of nuclear power plants

Source of radiation Main features

Radiation doses

Beta particles have an energy charge of 18.6 keV
65 % - in the world ocean

Tritium Hydrogen isotope 27 % - in the biosphere
8 % - in the atmosphere
0.01 % - in the human body
Carbon - 14 Beta particles with emitted energy Particle energy - 155 keV

Potassium - 40

Natural mixtures of potassium isotopes 30 Bq

Content in marine biota - 90-100 Bqg/kg
The human body contains 0.23% of the total body
weight

Radon Half-life products

50-60 Bg/m? indoors

Scientific Horizons, 2022, Vol. 25, No. 10
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0.Trofymchuk et al. (2021) argue that technogenic
tritium formed as a result of nuclear fuel reprocessing at
nuclear power plants depends on the type of reactor and
its parameters. Tritium fills the biosphere as a by-prod-
uct of the use of atomic energy, the isotope actively af-
fects natural processes, genetic structures, as it is easily
assimilated in water, turning it into tritiated water. Its
half-life is 12.3 years. Thermonuclear explosions led to
an increase in the concentration of tritium in the strato-
sphere for 1 year, most of which settled in the Northern
hemisphere, since almost all tests were conducted in this
area. Concentrating in atmospheric precipitation, tritium
decay products began to move closer to the equator
(Krasnogorov, 2015). This is conditioned by the process of
global warming. Tritium ions enter the human body in a
matter of minutes, assimilating with the liquid in the hu-
man body, they are also quickly excreted. In this regard,
this radionuclide does not pose a danger to public health
and the environment. Technogenic Carbon-14 is formed
as a result of nuclear weapons tests at the enterprises of
the nuclear complex. It takes 5,730 years for the decay
products to fully decompose.

The third largest radionuclide-causing radiation
in the Earth's biosphere is Potassium-40. A. Chumak,
etal. (2016) noted that the presence of this radionuclide
is concentrated mostly on the Earth's surface. The accu-
mulation of Potassium-40 in the bowels of the Earth
leads to an increase in the natural heat of the planet.
As already noted, radionuclides increase their concen-
tration when they enter water. Thus, in the waters of
the world ocean, the concentration of Potassium-40 is
12 Bg/kg, and in the cells of the body, its amount is
30 times higher than outside the cells. With age, its
concentration decreases. Of all the listed radionuclides,
Radon has the shortest half-life — 92 days. During its
half-life, it is able to irradiate the largest number of
living organisms. Its concentration in the atmosphere
is 5,200 PBg, which is 5 times higher than the concen-
tration from nuclear tests. The greatest amount of radi-
ation a person receives in residential premises. Assimi-
lating with water, the Radon concentration is 0.05 Bg/L.
In production, when generating 1GW of electricity, the
Radon background radiation is 0.03%. Thus, the safety
of emissions does not exceed the values of the norm
obtained by radiation exposure. In fact, the emissions
of all controlled radionuclides are 4.0% of the per-
missible. The release of radionuclides with wastewa-
ter at the Khmelnytskyi NPP is carried out in cooling
reservoirs and spray pools located on the territory of
the NPP industrial site. The cooling pond is used at the
Khmelnytskyi NPP for the organisation of technical cir-
culating water supply. The maximum values of radia-
tion indicators were recorded at the northern border of
the sanitary protection zone. When calculating the con-
centration of radionuclides, all pathways of infection,
including food chains, were considered. The distribution
of emissions of ionising radiation sources outside the
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industrial sites does not exceed 1 m?/year. The het-
erogeneous nature of local maxima near the sanitary
protection zone is associated with changes in climate,
wind direction, precipitation, changes in these factors
are beyond human control.

Only 3% of the world's population receives a ra-
diation dose of 1 mSv/year, another 1.5% - 1.4 mSv/year,
the remaining 95% - 0.3-0.6 mSv/year. Low radiation
dose rates and short-time influence reduce the Llikeli-
hood of serious consequences. Being near a radiation
source with low indicators for a long period of time
increases the risk of diseases that may manifest them-
selves in years and decades (Arguments against nuclear
energy, 2020). The likelihood of such risks increases for
children, adolescents, pregnant women and their un-
born children. According to the World Nuclear Associ-
ation (2020), from 1 to 8, and from 25 to 40 weeks of
pregnancy, there is no risk of radiation to the fetal brain
even with indicators of 100 mSv and higher. However,
the risk of developing cancer in the foetus is equivalent
to the risk of developing cancer in an early child. Terres-
trial animals receive the most external radiation. The
dose of internal radiation depends on the content of
radionuclides in the local components of the environ-
ment. The increased radiation dose of terrestrial plants
in comparison with animals is most likely due to a num-
ber of the following factors: the presence of 40K in the
plants themselves; dust and fragments of rock settle on
the leaves; rhizome and young shoots are in close con-
tact with the soil. Accordingly, invertebrates and micro-
organisms, in contact with the settled half-life products
in the soil, receive high doses of radiation. A. Chumak,
et al. (2016) claim that simple microorganisms, unicellu-
lar plants, animals, and bacteria are also sensitive to ra-
diation doses. However, they are also more stable, as they
are adapted to aggressive environmental conditions.
For example, bacteria form spores, in this state their
metabolism stops, and they withstand lethal doses of
radiation. Invertebrates are also resistant to ionising
radiation 1,000 times higher than the lethal dose for
humans. For example, the DNA of water bears contains
the Dsup protein, which forms the protection of genes
from various damages.

CONCLUSIONS

The analysis of the influence of the radiation back-
ground in residential areas of settlements of city-form-
ing NPPs on public health and the environment showed
that with the normal technical condition of the sys-
tem and elements of nuclear power plants important
for safety, the risks of radiation contamination are re-
duced - 0.85 mSv/h (65%). While natural radiation (30%)
and medical radiation (5%) are no less dangerous for
the population and the environment.

Radiation acting on a living organism from the
outside can be harmful because it affects DNA, cells,
tissues, and organs of a person. lonising radiation leads




to the formation of free radicals and ions, which, in turn,
destroys the structure of cells and tissues of the body.
Such processes usually take place irreversibly, without
the possibility of regeneration of the systems of a liv-
ing organism, and improper restoration of cells leads
to various diseases. However, it is possible to stop the
harmful effects by protecting from external radiation
or avoiding its effects. However, if a person consumes
radioactively contaminated food or inhales radioactive
air, radionuclides still enter the body. This is a serious
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problem because the human body mistakenly perceives
these radionuclides as natural elements. Thus, radioac-
tive isotopes are deposited in bones and muscles, irra-
diating a person from the inside, for a long time. This
process is called internal irradiation. It is more danger-
ous than external exposure due to the long period of
exposure. Summarising the results of the study of the
impact of atomic radiation on the environment, the au-
thors came to the conclusion that nuclear energy is not
capable of causing serious harm if handled reasonably.
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Bnnue pagiauiiHoro poHy MiCbKMX nocesieHb 3 aTOMHUMM €JIeKTPOCTaHUiaMMU
Ha 340pPOB'A HaceNleHHS Ta HAaBKOJIMLLHE cepeaoBuLLe

AHactacia OnerisHa bonoTtHikoBa, MaHHa IropiBHa ManuweBcbka

HauioHanbHui MegnuHui yHisepcuteT iMmeHi O. O. boroMmonbus
01601, 6-p Tapaca LeBueHka, 13, M. Kuis, YkpaiHa

AHoTauif. PafioakTMBHMI po3naf eneMeHTiB B pe3ynbrati 94epHOT peakLii € NOTYXXHUM IXXepenom eHeprii, Wwo
BMKOPUCTOBYETLCA NPY BUPOOHMLTBI €N1eKTPUYHOI Ta TENIOBOI eHeprii B MicTax, HabnmxkeHux no AEC. Mpobnemoto
BMKOPWMCTAHHS Takoro BuAy eHeprii € Hebe3neka pafiauiiHOro onpoMiHeHHs. BUpobHMLUTBO saepHOi eHeprii Mae
6araTo nepesar, cepes, SKMX peHTabebHiCTb KiHLEBOro MPoAYKTY i MOro H13bka CoBiBapTICTb, 3 iHLWOro 60KY, NpOAYKTU
HaniBpo3nany pafioHyKNifiB y CKNafi ra30aepo30/bHUX BUKMIB 3 BEHTUAALIMHMX TPYD 0CifatoTb B HABKOULLHBOMY
cepenoBuL Ha Teputopii MictoyTBoptotoumx AEC. [1BoicTicTe npobnemu BNAMBY pagiauiiHOro GOHY Ha MicbKi
TepuTopii nobnusy AEC ctana MeTo AAHOro AoCNigKeHHs. HeobxiAHO LOCNIAUTU HEraTUBHMIA BMNAUB BUKUAIB
pafioaKTMBHMX BiAXOAIB MPW HOPMAasbHIM ekcnayaTauii aTOMHMX enekTpocTaHuin. [1na uboro 6yn0 BUKOPUCTAHO
MeToZ, NPOEKTHOr0 eKCNepPUMEHTY, Nif Yac SKOro 3a LONOMOro IAbopaToOpHOro KOHTPOJIK 30BHILUHLOI pafiaLiiHoi
6e3nekn Ta aBTOMATM30BaHOI CMCTEMM pafialiMHOrO MOHITOPUHIY Oynu 3i6paHi MOKa3HWKM EKCMO3MLiMHMUX
[L030BMX MOTY>KHOCTeN 3 To4ok 30-kinomeTpoBoi 30HM HaBkono AEC. B pe3ynbtaTi MOHITOPUHIY pagiauiitHmux npob
IPYHTY, aTMOChepHOro noBiTpsa Ta aTMochepHUX OMNaAiB, BOLOMM BCTAHOBMEHO, WO NPUPOAHUIN padialiiHuin GoH
He3Ha4YHWI, MMOBIPHICTb WKOAM Bif pagiaLiiHOrO ONPOMiHEHHS HEBEMKA | HEAOCTATHA A1 PO3BUTKY NPOMEHEBOT
XBOPO6U. Pa3oM 3 TUM, BU3HAUEHO NOTEHLIMHO Hebe3neuHi fxepena pagialiiHOro onpoMiHeHHS, Taki SK NpupoaHe
BMMPOMIHIOBAHHS - CMOXMBAHHS 3abpyAHEHNX NPOAYKTIB XapyyBaHHS, COHiUHE Ta KOCMiYHE BMMPOMIHIOBAHHS Bif,
pafioaKTUBHWUX eNeMEeHTIB, NPUCYTHIX B HAAPaX 3eMi; paAioHyK/iaW, BUKUOM SKMX HEKOHTPObOBAHO BiAOYBaOTLHCS
B aTMocdepy; paflioaKTUBHI BiAX0AM, TEXHOJOTIS 3aXOPOHEHHS Ta 30epiraHHs SKMX € eKOHOMIYHO 3aTpaTHO. ToMy
NPOBeLEeHHS PerynspHMX Po3paxyHKOBMX EKCNEPUMEHTIB 3 NMepeBipKM NpaLe3faTHOCTI aBTOMATU30BaHUX CUCTEM
pafiauiiHOro MOHITOPUHIY € BMNpaBAaHMM. MaTepianu AOCAIAXKEHHS MaTb NMPAKTUYHY LIHHICTb ANS XiMiKiB,
€KOJI0riB Ta eKOTEXHOMOTIB, WO npautotoTb Ha AEC, ki 3L4iACHIOTL KOHTPO/b 32 6e3MeKoto ANs 340POB'A NHOAMHU Ta
OXOPOHOI HaBKOJIMLLHBOIO cepenoBuLla y chepi BUKOPUCTaHHS aTOMHOI eHeprii
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