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ISSUES OF PREDICTINGTHE IMPACT OF NUCLEAR
POWER FACILITIES ACCIDENTS’ RADIATION
CONSEQUENCES

B. Cranosyb6os, 1. Kosnos, Xani Xaiio, O. Kosnos, 1. [Jyoapes, I'. Apoyvka. IINTaHHS NPOTHO3YBaHHsSI BILNIMBY pagiamiiiHux
HaCJHiAKIB aBapiii Ha 00'eKkTax siIEPHOI eHepPreTHKHM. AHANI3 HACHIAKIB HaHOLIBIIMX 3a ICTOPIIO SACPHOI CHEPreTHKH aBapiii Ha
Yopuobunscrkiii aromuiil enexkrpoctandii (AEC) ta AEC Fukushima-Daiichi BU3HauMB BenuKy pi3HOMAaHITHICTH pajiallifHUX JO30BHX
HaBaHTa)XECHb Ha JIKBIZAaTOPIB, HACENECHHS Ta JNOBKULLL [IpOrHO3yBaHHs IOJAJBLIOrO BIUIMBY paiialliiHAX HACTiAKiB Ha Oioyoriuxi Ta
€KOJIOTI4HI 00'€KTH CYTTEBO 3QJISKUTh HE TLIBKH BiJl Jiala30HY OTPUMAaHHMX BHACIIOK aBapiil paialiiiHUX HaBaHTaKeHb, a W BiN IHIIMX
4yHCIeHHUX (aKTOpiB, sKi O€3MOocepeHbO He MOB'sI3aHi 3 paialifHUMK HACTiKaMu aBapiil. AHai3 CTOXaCTUYHHX MIiIXO/IB IPOrHO3yBaHHS
BIUIMBY palialliiHUX HACTiJKIB BHU3HAYMB IX OOMEXEHI MOXIMBOCTI 4Yepe3 BiICYTHICTH JOCTAaTHHO aJCKBaTHHX Ta OOIPYHTOBAHHX
CTaTUCTUYHMX 0a3 JaHMX I1[0JJ0 HETaTHBHUX €(EKTiB B HACIIIOK aBapidHMX pajialliiHUX HaBaHTAXXEHb. AHAJI3 ACTEPMIHICTCHKHX METO/IB
MPOTHO3YBaHHS BIUIMBY pajialliiHUX HACIHIAKIB BU3HAYMB iX OOMEXEHI MOXIMBOCTI BHACIHIJOK CYTTEBUX KIUIBKICHUX Ta SKICHHX
pos6ixkHOCcTelt 3 pisHuX MeToxiB. Lli po30ikKHOCTI MOXKYTh OyTH BUKJIMKAHI Pi3HUIEIO K HEHTPOHHO-(I3HYHNX MozeNel «103a — eeKT», i
YMOB €KCIIEPUMEHTaIbHOI Bepudikauii pisHUX MeToAiB. [[ns mporHo3yBaHHs BIUIMBY pafialiifHux HacuifkiB aBapii Ha AEC aktyanbHO
pPO3pOOUTH aNbTEpPHATHBHUI PU3UK-OPIEHTOBAHUMA MiJXijA, LIO IPYHTYETHCS HAa KOMIUICKCHOMY BHUKOPHCTAaHHI K CTOXaCTHYHHX, TaK 1
JIETEpMiHICTCHKHX METOJIIB 3 ypaxXyBaHHAM OOMEKEHb 1X 3aCTOCyBaHHS. «BepxHsa» Mexa obnacTi IMOBIPHOCTI BHHUKHEHHS HEIIPHITYCTUMOT
HEraTUBHOI MOJI1 B 3aJI©KHOCTI BiJl OTPUMAHHX y HPOLECI aBapiil 103 ONPOMIHEHHS BH3HAYAETHCS CTOXaCTUYHUMU METOJAMHM, & KHIKHS»
Meka 001acTi KMOBIPHOCTI BUHMKHEHHS HEMPHUITYCTUMOTO HEraTUBHOTO €(eKTy BU3HAYAEThCS ACTEPMIHICTUUHMMH MeTonamu. I paHnuHe
(MakcUManpHe) 3HAYCHHS HMOBIPHOCTI HEHPHITYCTHMMOI HEraTHBHOI MOAII BH3HAYAETHCS T'PAHUYHO JOIMYCTHMOKIO O30 II0YaTKy
IIPOMeHeBOi XBopoOu. OTpuMaHi pe3yiIbTaTH MOXXYTh OYTH OCHOBOIO 00'€KTHBHHUX OL[IHOK iH(OPMYBaHHS IPOMAISIHCHKOTO HAaCEeNIECHHS PO
HacIIiIku pajiauiiinux aBapiii Ha AEC.

Kniouosi cnosa: papnianiiiii BUKHAH, 1030Bi HABaHTA)XKEHHS, 10HI3yl0ue BHIIPOMIHIOBAaHHS, OioNOriuHMH epeKT, HeNTPOHHO-(hi3nYHA
MOJIENb

V. Skalozubo, I.Kozlov, Hani Hayo, O. Kozlov, I. Dudarev, G. Yarotskaya. Issuesof predictingthe impact of nuclear power
facilities accidents’ radiation consequences. The analysis for history’s biggest nuclear accidents consequences, at Chernobyl Nuclear
Power Plant (NPP) and Fukushima-Daihichi NPP, identified various radiation dose loads on liquidators, civilians and environment.
Predicting the radiation subsequent effects on biological and ecological objects depends both on the radiation loads range and various other
factors not related directly to the accidents’ radiation consequences. The analysis of stochastic approaches to predicting the radiation impact
revealed their limited applicability cause of sufficiently adequate and substantiated statistical databases about the accidents-produced
radiation doses negative effects. The analysis of deterministic methods to predicting that impact determined their limitation due to significant
quantitative and qualitative discrepancies between methods caused by the difference in neutron-physical “dose — effect” models and those
methods experimental verification conditions difference. To predict the NPP accidents radiation impact, important is to develop an
alternative risk-oriented approach based on the integrated use of stochastic and deterministic methods, taking into account their applicability
limitations. The unacceptable negative event “upper” limit probability area depending on the radiation doses from the accidents, is
determined by stochastic methods, and the “lower” limit probability area is determined by deterministic ones. Such event probability
maximum value is determined by the maximum allowed dose at radiation sickness onset. The obtained results can serve in a basis for
objective assessments of civilians informing about the consequences of radiation accidents at NPPs.

Keywords: radiation emissions, dose loads, ionizing radiation, biological effect, neutron-physical model

1. Introduction

The largest accidents in the history of nuclear energy at the Chernobyl NPP and the Fukushima-
Daiichi NPP have determined large-scale catastrophic radiational and environmental repercussions.
The lessons of preventing and overcoming the repercussions of these accidents determined the limit of
applications of known approaches and methods for predicting the impact of the radiation effects of
accidents on personnel, the population, and the environment. In fact, it was possible to predict and, to
a certain extent, confirm an increase in thyroid cancer in children who received relatively high dose
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loads. However, many issues of predicting the impact of a wide range of doses during accidents on
personnel, population, and the environment remain unresolved.

Therefore, an urgent issue is the analysis of the adequacy and validity of methods for predicting
the impact of radiational effects of accidents at nuclear power facilities on personnel, population, and
the environment.

2. Analysis of Literary Sources and Problem Statement

Many studies have been devoted to the radiational and environmental impacts of the Chernobyl
accident in 1986 [1 - 6, etc.]. The main results of these studies allow us to draw the following general
conclusions.

1. The largest radiation fallout of cesium-137 was on the territory of the northern part of Ukraine
(more than 40 kBg/m?), as well as in the 30-kilometer exclusion zone (more than 1500 kBg/m?). Ap-
proximately 30 MCi of radioactive substances fell on the territory of the exclusion zone. Part of the
coniferous forests died, and a significant amount of hazardous radioactive waste, which could lead to
secondary air pollution, was formed. The radionuclides released during the accident contaminated for-
ests with an area of over 1.5 million hectares in Zhytomyr, Kiev, Chernigov, and Rivne regions.

Immediately after the accident, significant radioactive contamination of river ecosystems was
recorded — 10 kBqg/L in the Pripyat River, 5 kBg/L in the Uzh River, 4 kBg/L in the Dnieper River.

2. On the territory of other states, the greatest radiational impact was recorded in the southern
part of Belarus, the southwestern part of Russia, the Baltic states, and in the Scandinavian countries.
Thus, in Sweden in 1987, in 14000 lakes, the concentration of radio-cesium was more than
1500 Bg/kg.

In total, because of the Chernobyl accident, 1.1 million hectares of agricultural land were ex-
posed to radioactive contamination with cesium-137 with a density of more than 1 Ci/km?.

3. The population of the 30-kilometer exclusion zone received significant doses of thyroid irradi-
ation — from 70 mSv in adults and up to 1 mSv in children. For residents of Pripyat, within two days
after the accident, the average thyroid dose was 0.47 Gy.

4. The average value of the individual radiation dose for the plant employees, medical staff, and
firefighters was 0.31 Gy. The presence of acute radiation sickness was confirmed in 134 people. The
average registered effective dose of external exposure found in evacuators during post-accident events
(about 600 thousand people) was 170 mSv in 1986.

5. It was found that for the development of acute radiation sickness the minimum radiation dose
is more than 1 Gy, and for leukemia and oncology — 0.3 Gy.

In general, because of the accident, the deaths of 31 evacuators of the accident were registered and
more than 100 people suffered from radiation sickness and other health problems to varying degrees.

6. In medical examinations for 20 years after the accident, a significant increase in cases of thy-
roid cancer among children living in contaminated areas was recorded.

After the Chernobyl accident, the World Health Organization established a special international
program to study the effects of ionizing radiation on human health. The projected estimates of the
World Health Organization for a noticeable increase in thyroid cancer were justified only for children
living in contaminated areas and receiving high doses of radiation. General predictive estimates of the
impact of the radiational consequences of the Chernobyl accident on the environment and human
health are insufficient.

The radiational and environmental consequences of the major accident at the Fukushima-Daiichi
NPP were also considered in numerous studies (for example, [7 — 18, etc.]) and summarized in the
report of the IAEA Director General in 2014 [18].

1. Inert gases account for a significant portion of the initial emissions from the Fukushima-
Daiichi NPP; emissions were estimated [12] to be between about 6.000...12.000 PBq of ***Xe (initial-
ly 500...15.000 PBq). The average total activity of the released **'I was approximately 100...400 PBq,
and the activity of **’Cs was approximately 20 PBq (according to initial estimates, 90...700 PBq and
7...50 PBQq). Emissions from this accident are estimated to be about one tenth of those associated with
the Chernobyl accident in 1986. Most of the emissions into the atmosphere were dispersed over the
North Pacific Ocean onto the surface layer of the water. There were direct discharges, as well as dis-
charges into the sea from the site, with the main source of highly radioactive water being a trough near
the Fukushima-Daiichi NPP. The peak level of radioactive releases was observed in early April 2011.
The volume of direct releases and discharges of **!1 into the sea was estimated at 10...20 PBq [13].
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Direct emissions and discharges of **'Cs were estimated as 1...6 PBq as a result of most analyses, but
some estimates reported values from 23 to 26.9 PBq.

2. The largest deposition of long-lived **'Cs was found northwest of the Fukushima-Daiichi NPP:
the total deposition of **'Cs was estimated at about 2...3 PBq [14]. To the northwest of the Fukushi-
ma-Daiichi NPP, significantly higher levels of **'Cs deposition were recorded, up to 1000000 Bg/m?.
The maximum deposition of **'I exceeded 3 000000 Bg/m* immediately after the accident, but due to
the short half-life of **!l, the levels declined rapidly, and are currently not measurable.

3. In the affected areas, radionuclides such as **!1, ***Cs, and *’Cs have been detected in some
consumer goods and other items that are used on a daily basis by the population for personal or do-
mestic purposes, such as food, drinking water and some non-food items [15].

4. In the first four months, a number of estimates of individual effective doses resulting from ex-
ternal exposure in the “evacuation zone” and “planned evacuation area” were published. These doses
were below 5 mSv in 98.7 % of residents (with a maximum effective dose of 25 mSv). In Fukushima
Prefecture as a whole, including the evacuation zone and the planned evacuation area, doses were less
than 3 mSv in 99.4 % of the residents participating in the survey.

The analysis again confirmed that the annual individual dose equivalents are low with an average
effective dose of less than 1 mSv per year, which gives 95 % confidence that the value of effective
doses received by residents is below 5 mSv. Since the accident, more than 200000 residents have been
monitored in various areas of Fukushima Prefecture. Levels were generally below the lowest detection
limits for whole body radiometry, indicating little or no exposure to radionuclides.

5. When nuclear accidents occur with significant releases of *'1, thyroid gland exposure in chil-
dren is of great importance in terms of protecting public health. The main potential route of thyroid
gland exposure in children is usually through the consumption of milk containing **'I. However, the
typical exposure of **I through cow's milk after the accident was very low due to a number of factors.
Estimates of the equivalent dose in the thyroid gland in children were carried out by monitoring the
levels of external exposure based on the action of **'I in the gland. These levels were measured on the
skin near the thyroid gland in children from areas where high thyroid doses were predicted. The high-
est ambient dose equivalent recorded near the thyroid gland of one-year-old children was 0.0001 mSv
per hour, which is consistent with an absorbed thyroid dose of about 50 mGy (namely, a thyroid
equivalent dose of 50 mSv).

6. Between March 2011 and March 2012 174 out of almost 23000 workers on site exceeded the
primary criterion for an effective dose during an accident, which was 100 mSv, while six of them ex-
ceeded the indicator of (temporarily revised) work during accident, which was 250 mSv. None of the
workers exceeded the effective dose of 100 mSv in subsequent years. One worker exceeded the annual
effective dose limit of 50 mSv between April 2012 and March 2013. Internal doses are mainly thyroid
equivalent doses resulting from inhalation of **I. Even though the overwhelming majority of Fuku-
shima-Daiichi workers received equivalent thyroid doses of less than 100 mSv, 1757 workers received
equivalent thyroid doses higher than this level, 17 workers received equivalent thyroid doses more
than 2000 mSv, and two workers received more than 12000 mSv [16, 17].

7. Neither the workers nor the public had any early radiation-induced health effects that could be
attributed to the accident. However, the latency period for the long-term health effects of exposure to
radiation can last for decades.

In the period immediately after the accident, there were some limited observations, but no direct
radiation-induced effects on plants and animals were recorded.

3. Purpose of the presented work

The above known results of studies of the consequences of accidents in Chernobyl and Fukushi-
ma may be the necessary initial data for predicting radiational consequences for the future of environ-
mental safety. However, to date, the actual issue remains, more specifically, the issue of determining
adequate and sufficiently substantiated methods for predicting the impact of radiational consequences
on objects of biosystems and the environment.

The aim of our study is to analyze the known methods of predicting radiational consequences of
the largest accidents at the Chernobyl NPP and the Fukushima-Daiichi NPP for the future of environ-
mental safety.

4. Methods for predicting the impact of radiational consequences

Prediction of the impact of radiational consequences can be carried out by risk-oriented and de-
terministic methods. Risk-based methods consist of determining the probabilistic indicators of the in-

EHEPI'ETHKA



ISSN 2076-2429 (print) 67

ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 2(66), 2022

fluence of radiational consequences on “negative effects” in biosystems and the environment. The
main problem of the implementation of risk-oriented approaches is the need for representative and ad-
equate statistics among the registered consequences of the radiational impact of accidents that have
occurred. However, the creation of such a statistical database is associated with many difficulties,
among which the main one is the need to “cut off” the influence of numerous factors not related to the
Chernobyl and Fukushima accidents from their radiational consequences: changes in climatic and
technogenic conditions, pathological and hereditary diseases, lifestyle, and others.

The deterministic approach is based on the study of ionizing radiation direct influence at both biosys-
tems and the environment microlevel and is considered in the works by Rusov V.D. and Zelentsova T.N.
[19, 20].

A diagram of the primary physicochemical processes from initial ionization to the final biological ef-
fect is shown in Fig. 1 [21]. Radiolysis products, primarily free radicals containing unpaired electrons, are
characterized by extremely high reactivity, so that their lifetime ranges from 10 to fractions of a second.
During this period, they either recombine with each other, or react with nearby organic compounds.

Photon or a charged, Fast neutron giving off
rarely-ionizing recoil protons or heavy,
particle charged particles

f f

| Molecule or atom |

{

| lon pairs |

{

| Free radicals |

| Chemical changes resulting from broken bonds |

| Biological effect |

Fig. 1. Diagram of primary physical and chemical processes from initial ionization
to the final biological effect [21]

The effects of different types of radiation on biosystems and the environment also differ.

Alpha particles, when passing through matter and colliding with atoms, ionize them, knocking
out electrons. Under certain conditions, these particles are absorbed by the nuclei of atoms, transform-
ing them into a state with higher energy, and the excess energy contributes to the occurrence of vari-
ous chemical reactions. Alpha radiation can have a strong effect on organic matter (fats, proteins, and
carbohydrates).

Under the influence of p-radiation, radiolysis (decomposition) of water occurs with the formation
of hydrogen, oxygen, hydrogen peroxide (H,O,), and charged particles (ions, OH,  and HO, ). The
decomposition products of water have oxidizing properties and cause the destruction of many organic
substances.

The action of y- and X-ray radiation is mainly due to generated free electrons. Neutrons, passing
through a substance, produce the biggest changes in the substance as compared to other ionizing radiation.

The biological effect of ionizing radiation comes down to a change in the structure or destruction
of substances (molecules), which leads to disruption of the biochemical processes occurring in cells, or
even cell death. lonizing radiation causes “breakage” of chromosomes — chromosomal aberrations,
after which the torn ends form new combinations, called chromosomal translocations. This leads to a
change in the gene apparatus and the formation of daughter cells that differ from the mother cell.
If persistent chromosomal aberrations occur in germ cells, then this leads to mutations, i.e., the ap-
pearance of offspring with other characteristics in irradiated individuals.

The presence, and hence influence, of ionizing radiation in the body disrupts the function of
hematopoietic organs, causes an increase in the permeability and fragility of blood vessels, upsets the
gastrointestinal tract, decreases the body's resistance, increases its depletion, induces the degeneration
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of normal cells into malignant cells, etc. The effects develop over different periods: from fractions of a
second up to many years.

The damaging effects of radiation manifest themselves in various forms on the body and are col-
lectively called radiation sickness. The variety of these manifestations depends on the following fac-
tors: type of exposure — general or local, external or from incorporated radioactive substances; time
factor — single, repeated, prolonged, chronic irradiation; spatial factor — uniform or uneven irradiation;
volume and localization of the irradiated segment of the body and skin surface, etc. Low degree devel-
opment of a mild form of radiation sickness occurs at a radiation dose equivalent to approximately
1 Gy; a severe form of radiation sickness, in which half of all exposed people die, occurs at a radiation
dose equivalent to 4.5 Gy. 100 % death from radiation sickness corresponds to a radiation dose
equivalentto 5.5...7.0 Gy [22].

Chronic radiation sickness develops when the total dose reaches 0.7...1 Sv. The recovery process
is very slow after the cessation of irradiation. The essence of the recovery process, both in acute and in
chronic radiation sickness, is the process of reproduction of cells that have retained their viability, and
on this basis, the restoration of the functional activity of organs occurs. However, even the complete
restoration of the organism does not guarantee the absence of danger from future manifestations of
long-term consequences of the action of nuclear radiation, and its offspring, namely it does not guar-
antee the absence of hereditary or congenital disorders. These effects can be observed for several years
after acute exposure. Their severity mainly depends on the dose, dose rate, age at the time of exposure,
and the state of health of the victim.

In the long term (in mice and rats after a few months, in humans — after many years and decades)
after irradiation and, it would seem, in an organism that has completely recovered from radiation dam-
age, various changes occur, which are called long-term effects of radiation. It is customary to distin-
guish between two types of long-term consequences — somatic, developing in the irradiated individuals
themselves, and genetic — hereditary diseases that develop in the offspring of irradiated parents. The
somatic effect of ionizing radiation is a direct effect on the body. It results in radiation sickness, local
damage to individual organs and tissues, and other negative consequences.

Genetic effects are the result of irradiation of the germ cell genome. Such effects are manifested
in the offspring of irradiated individuals in the form of inherited disorders. Genetic long-term conse-
guences or hereditary diseases belong to the second group of stochastic effects of radiation, which are
manifested not in the exposed people themselves, but in their offspring. They are the result of radiation
mutations in the germ cells of irradiated parents, in contrast to malignant neoplasms that arise as a re-
sult of mutations in the somatic cells of the irradiated individuals themselves.

5. Research results

Deterministic methods for predicting the impact of radiational consequences are based on various
neutron-physical models of the effect of ionizing radiation on the molecules of matter [23 — 28].

One of the first theoretical models was the “target” model [27, 28]. Its essence is as follows: en-
ergy absorption is a process that obeys statistical laws, a principle. This means that the observed ef-
fect, for example cell death, occurs only when the particles enter the sensitive volume inside the cell
(target). The calculated dose-effect curve for this interaction model was consistent with individual ex-
periments. The calculation results also showed that small portions of the energy of ionizing radiation
could only give a strong effect when they fall on a small target. The critical structure in the cell is the
chromatin of the cell nucleus, chromosomes, and DNA molecules. Later, with the help of microbeams
of ionizing particles with a diameter of less than 0.1 microns, it was possible to show that the lethal
dose for a cell nucleus is 10...100 times less than when other parts of it are irradiated [29].

In the course of the development of radiobiology, studies were carried out that significantly com-
plicated the picture of radiation damage to a cell. It turns out that the primary damage that has arisen in
the cell under the influence of radiation can intensify and deepen over time. The structures on which
the actions of these mechanisms for enhancing radiation injury are played out are cell membranes. As
a result of these studies, the next step has been taken in understanding the mechanism of radiational
damage to cells. It was concluded that, along with the main target, DNA, the second most important
target is the membrane. Many of the advances in the radiobiology of radiation injury have been stud-
ied only qualitatively.

A report from the National Academy of Sciences’ Committee on the Biological Effects of loniz-
ing Radiation notes “most of the available data does not suggest any “dose-response” model [30]. For

EHEPI'ETHKA



ISSN 2076-2429 (print)
ISSN 2223-3814 (online)

Proceedings of Odessa Polytechnic University, Issue 2(66), 2022 69

most cancers of radiation origin, the “dose-response” relationship is best described as a linearly-
quadratic function with a non-negative degree. However, there are arguments in favor of other models,
especially linear and quadratic, although they lead to a large discrepancy in the estimates.”

The qualitative relationship “dose-effect” for various models is shown in Fig. 2 [31]. When con-
sidering the effects of stimulating vital activity (hormesis), the curve first descends into the area of
“beneficial effects”, before changing direction and rising to the area of detrimental effects. The part of
this curve that is to the left of the minimum represents radiational deficit (shortage) conditions.

Linearly-quadratic

f2]
[&)
£ .
2 Linear
S
[
=
= Hormesis
=
[«5)
e

Threshold
B N—
% Radiation dose
[
D
m

Fig. 2. Plots representative of various
theories of radiation exposure [31]

Due to the lack of convincing evidence of the existence of a threshold model, the ICRP publica-
tions recommend accepting the assumption that any action of ionizing radiation may carry some risk
of developing somatic or genetic effects [32]. Therefore, for stochastic effects, a linear, threshold-free
relationship between dose and the likelihood of an effect is recommended. Nevertheless, the applica-
tion of the concept of a threshold-less linear dose-effect relationship significantly overestimates the
real danger.

The following results of long-term observations can be arguments in favor of the “threshold” model:

1. Among the consequences of the adverse effect of ionizing radiation, it is possible unambigu-
ously to establish a connection between health damage and the effect of radiation only in relation to
radiation sickness, which is characterized by symptoms exclusive to only radiation sickness.

The characteristic signs of radiation sickness under conditions of acute irradiation can be reliably
recorded starting from a dose of 1 Gy. Therefore, in human radiobiology, doses over 1 Gy are consid-
ered high, which are certainly accompanied by transient or permanent damage to health.

2. At lower doses of irradiation, there are no injuries arising from the action of an exclusively ra-
diational agent. As a result, diseases which humanity suffers without any connection to an increased
irradiation (in relation to the background level) are recorded. It is possible to reveal an increase in the
incidence rate at doses less than 1 Gy only by statistical methods, by comparing the frequency of man-
ifestation of the studied deviation from the norm in the irradiated and control groups.

Conclusions

1. Analysis of the consequences of the largest accidents in the history of nuclear power engineer-
ing at the Chernobyl NPP and the Fukushima-Daiichi NPP determined a wide range of radiation dose
loads on the evacuators, the population, and the environment. Predicting the influence of radiational
consequences on subsequent biological and ecological states essentially depends not only on the spec-
trum of radiation loads obtained as a result of accidents, but also on numerous other factors that are
not directly related to the radiational consequences of accidents.

2. Analysis of stochastic approaches for predicting the impact of radiational consequences deter-
mined their limited capabilities due to the lack of sufficiently adequate and substantiated statistical
databases on negative effects of only emergency radiation loads.

3. Analysis of deterministic methods for predicting the impact of radiational consequences de-
termined their limited capabilities due to significant quantitative and qualitative discrepancies in dif-
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ferent methods. These discrepancies can be caused by differences in both the neutron-physical dose-
effect models and the conditions of experimental verification of different methods.

4. To predict the impact of radiational consequences of accidents at nuclear power facilities, it is
important to develop an alternative risk-oriented approach based on the integrated use of both stochas-
tic and deterministic methods, while taking into account the limitations of their applicability.

5. Despite the high level of safety achieved and lessons learned from radiational consequences, there
is a gap between scientific knowledge about the severity of medical consequences, factual evidence, and
public opinion, which presents a serious problem. The idea of deadly danger related to nuclear energy is the
main reason that people perceive information about nuclear energy with great apprehension. For example,
people are apprehensive about the thought of construction of nuclear power plants near their residence. A
state that plans to develop nuclear energy must ensure that the population is provided with timely, thor-
oughly verified, and scientifically confirmed information. However, it is important to note that using the
advantages of social networks and new media (free access to them, the ability to exchange quickly re-
sources and information) carries certain risks. Social networks are practically not regulated, which casts
doubt on the accuracy and reliability of the information provided, and therefore contributes to the spread of
rumors and myths about threats that nuclear energy can pose.
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