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Summary

Introduction. A considerable amount of conflicting reports creates conditions for concern about the
effects of radiation on health. The adequacy of the assessment of problems and responses to these
challenges depends on the sources used by a person, his culture and education level, as well as the
emotional overtone of this assessment.

The aim of the study is to determine dynamic changes in the prevalence and structure of
population’s radiation anxiety states under stable social conditions based on a psychological and
hygienic assessment.

Materials and methods: In order to research and assess the perception of Kropyvnytskyi
residents about the degree and prevalence of radiation anxiety states, a survey was conducted on
Facebook and Instagram social networks from February to December 2019 using Google Form.
For assessment of dynamic changes in radiation anxiety, data from our own studies in 2014 were
used [9]. The questionnaire methodology was based on the principles of the previously tested
and patented «Methodology for determining radiation anxiety among the population» and the
monograph «Radiation anxiety among the population». Three hundred and twenty four residents
of Kropyvnytskyi aged 18 to 73 were included in the study, 155 (47.8 %) men and 169 (52.2 %)
women. The average age of the interviewees (Me (LQ; HQ)) was 27 (20; 33) years old.

Results. A specific psycho-emotional state is developed and maintained at some level in the
residents of cities with nuclear power plants —radiation anxiety, which is manifested by a complex of
neuropsychological and somato-physiological disorders against the fear of ionizing radiation sources
background. At the same time, such a psychogenic effect may not be related to the degree of actual
effects of ionizing radiation on human health. It was determined that in 2019, before the COVID-19
pandemic and Russia’s full armed aggression against Ukraine, more than 90 % of the surveyed
residents of Kropyvnytskyi, regardless of gender and age, were concerned about potential radiation
pollution of the environment and foodstuffs, medium level of radiation anxiety was in 34,9 %, and high
level in 14.8 %. Low radiation anxiety was detected in 41.4 % of respondents, and in 8.9 % it was absent.
Conclusions. Over 5 years (from 2014 to 2019), there were noticeable negative changes in the
structure of the radiation anxiety states among the surveyed urban residents, namely: the amount
of people without signs of radiation anxiety halved (8.9 % vs. 16.0 %) and respondents with the
high level of this psycho-emotional state increased almost four times (14.8 % versus 3.9 %). The
obtained results encourage the authors to future studies of specific radiation anxiety states among
the population to clarify their dynamics.

Keywords: radiation anxiety, depression, anxiety, uranium mining, uranium mines, nuclear
fuel cycle companies
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INTRODUCTION

The population’s recognition of danger from the
facilities of the nuclear energy complex causes anxiety;,
changes the perception of reality and people’s life
planning, forms a complex of specific psycho-emotional
reactions in the population, which is denoted by the term
«radiation anxiety». A considerable body of conflicting
reports creates conditions for concern about the effects
of radiation on health. The adequacy of the assessments
of problems and responses to these challenges depends on
the sources used by a person, his culture and education
level, as well as the emotional overtone of this assessment.
Emotional consequences of radiation anxiety states
include depression, unrest, anxiety, post-traumatic stress
disorders, and medically unexplained secondary somatic
symptoms [2, 9].

As shown in our previous publications, the
population’s radiation anxiety is actively developed even
in the absence of other, exceptional and larger social
perturbations. In this regard, the 2019 became a watershed
for Ukraine between a state of relative stability, even under
permanent low-intensity military operations in the east,
and subsequent specific and social catastrophes — the
COVID-19 pandemic (2019-2022) and explicit Russian
military aggression, which continues to this day. Therefore,
it was important to find out whether the prevalence and
quality of a specific psychological state of the population
(radiation anxiety) changes under relatively stable social
circumstances, in particular, in the absence of specific and
social problems — epidemics, wars, etc. [3].

THE AIM OF THE STUDY

To find out the dynamic changes in the prevalence
and structure of radiation anxiety states among the
population under stable social conditions on the basis of
a psychological and hygienic assessment.

MATERIAL AND METHODS

In order to research and evaluate the perception of
Kropyvnytskyi residents about the degree and prevalence
of radiation anxiety states, a survey was conducted on
Facebook and Instagram social networks from February
to December 2019 using Google Form. For subsequent
assessment of dynamic changes in radiation anxiety,
data from our own studies in 2014 were used [9]. The
questionnaire methodology was based on the principles
of the previously tested and patented «Methodology for
determining radiation anxiety among the population»
and the monograph «Radiation anxiety among the
population» [9]. Three hundred and twenty-four residents of
Kropyvnytskyi city aged 18 to 73 included in the study — 155
(47.8 %) male and 169 (52.2 %) female. The average age of
the interviewees (Me (LQ; HQ)) was 27 (20; 33) years old.
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The main panel of questions in radiation anxiety
rating scale was aimed at determination of the attitude of
residents to environmental pollution in the Kropyvnytskyi
city and their awareness about its adverse effects on health.
The answer options had four gradations and were evaluated
on a proper four-point scale — from complete denial of
the proposed statement («no, it’s not true», 1 point) to
complete agreement with it («quite true», 4 points).

Statistical treatment of study materials was carried
out using STATISTICA v.6.1 software (serial number
AGAR909E415822FA). Taking into account the rule of
quantitative characteristic distribution in different groups
(the assessment as per Lilliefors-corrected Kolmogorov-
Smirnov test), the proper parametric or non-parametric
parameters and methods were used for description and
analysis of this quantitative characteristics. For a normal
distribution, the arithmetic mean (M), standard deviation
(SD), Student’s t-test for independent samples were used.
For other samples the median (Me) with quartiles (LQ;
HQ), prevalence (P) and prevalence error (pm), 95 %
confidence interval (CI) and Mann-Whitney test (U)
were used. The Bonferroni correction was suitable for
multiple comparisons of several groups [1]. The relative
parameters were compared by Pearson’s chi-square test
(x2). The correlation between criterions was assessed
using Spearman’s rank correlation coefficient (rS). The
critical level of statistical significance (p) when testing all
hypotheses was assumed as < 0.05.

RESULTS AND DISCUSSION

The obtained responses (table 1) show that
respondents, regardless of gender and age, are concerned
about radiation pollution in the city. Thus, 146 (45.0 %;
95 % CI 39.6-50.5) respondents considered the territory
of Kropyvnytskyi to be radiation-polluted (answers «quite
true» or «true»). Almost half of the respondents are sure
in the some radiation pollution of water (44.8 %; 95 %
Cl1 41.8-47.7), air (48.5 %; 95 % CI 41.9-45.6) and soil
(48, 8 %; 95 % CI 45.9-51.8). At the same time, only
a third of respondents gave affirmative answers regarding
food pollution — 108 (33.4 %; 95 % CI 31.3-35.5), mainly
associating this with considerable levels of environmental
pollution, in particular: water (r; =0.730, p<0.001), soil
(r; =0.652, p<0.001) and air (r, =0.655, p<0.001).

An analysis of the opinions of respondents of different
ages and genders regarding environmental radiation
pollution in the city revealed certain discrepancies.
Namely, women more often than men emphasized radiation
pollution of water (51.5+3.8 % vs. 37.4%3.9 %, p=0.011),
foodstuffs (38.5%£3.7 % vs. 27.8 £3.6 %, p=0.041), air
(55.0£3.8 % vs. 41.3%£3.9 %, p=0.013) and soil (54.4%+3.8 %
vs. 42.6 4.0 %, p=0.033). At the same time, there were no
statistically significant differences between respondents’
answers depending on their ages (p>0.05).
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Table 1
Assessment of environmental radiation pollution by respondents in Kropyvnytskyi (abs., %)
. . . Answer options (n=324)

Diioen e e e lridton No Probably true True Quite true
Territory 54 (16.7 %) 124 (38.3 %) 96 (29.6 %) 50 (15.4 %)
Foodstuffs 52 (16.0 %) 164 (50.6 %) 80 (24.7 %) 28 (8.7 %)

Water 40 (12.3 %) 139 (42.9 %) 110 (34.0 %) 35 (10.8 %)
Air 36 (11.1 %) 131 (40.4 %) 104 (32.1 %) 53 (16.4 %)
Soil 33 (10.2 %) 133 (41.0 %) 111 (34.3 %) 47 (14.5 %)

One hundred and thirty-seven (42.3 %; 95 % CI
40.4-44.2) respondents gave an affirmative answer to the
question «Have cancer diseases (leukemia, cancer) occurred
in your family?», 35 (10.8 %; 95 % CI 7.9-13.7) gave not
quite sure answers, and almost half of the respondents,
152 (46.9 %; 95 % C1 43.8-50.0), — gave a negative answer.
Family cancer cases were more often reported by the persons
over 40 years — 64.0£6.8 % versus 38.3£2.9 % (p<0.001).
Under results of the correlation analysis, the following cases
were reliably associated with respondents’ opinions about
environmental radiation pollution in the region: with territory
pollution as whole (r, =0.160, p=0.004), water (r; =0.310,
p<0.001), air (r; =0.316, p<0.001), soil (r, =0.302, p<0.001),
foodstuffs (r, =0.194, p<0.001).

Regardless of the answer to the previous question,
every fourth respondent (84 persons —25.9 %; 95 %

CI 22.8-29.0) considers direct relationship between
cancer cases in the family and radiation exposure; the
same amount of respondents (90-27.8 %; 95 % CI
24.8-30.7) reported the possibility of such exposure,
other respondents (150-46.3 %; 95 % CI 44.4-48.2)
don’t think so. However, there is a reliable direct
relationship with medium strength between respondent
opinions regarding the radiation exposition and actual
cases of oncology in the family (1o =0.506, p<0.001).
In particular, emphasize the relationship of oncology
diseases with ionizing radiation (answers «quite true» or
«true») only 11.9+2.6 % of respondents with complete
negation cancer cases in families (fig. 1), while among
persons who reported a cancer cases, such opinions have
69.3+3.9 % (p<0.001) of respondents (r, =0.022, p=0.688
and ry, =0.094, p=0.090, respectively).
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Z 20% 17,9% o
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12,8%
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Are there any cases of cancer in the family?

Figure 1. The distribution of respondents’ answers regarding the relationship between family history of cancer and exposition to ionizing radiation

A direct correlation with medium strength was
determined between respondents’ confidence in the
detrimental effects of the uranium mine on the health of
citizens and environmental pollution: water (ry =0.477,
p<0.001), air (r, =0.480, p<0.001), soil (r; =0.517, p<0.001),
foodstuffs (ry =0.452, p<0.001), as well as on cancer disease
causing (r; =0.530, p<0.001). One hundred and thirty seven
(42.3 %) respondents are convinced of this, another 121
(37.3 %; 95 % CI 35.4-39.2) are not quite convinced.

At the same time, the analysis of respondents’
opinions regarding the construction of new NPP power
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units in Ukraine and their safety for the environment
showed a somewhat another situation: only 21.9 %
(95 % CI 18.8-25.0) of respondents have a negative
attitude to increasing NPP power, approximately as
many same (23.8 %; 95 % CI 20.8-26.7) are convinced
of the detrimental effect of nuclear power plants on the
environment.

Based on the survey results, the respondents’ levels
of radiation anxiety in score points were calculated and
the total sample was classified into groups with no, low,
medium, and high level of radiation anxiety (table 2).
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Table 2
Distribution of respondents by level of radiation anxiety
ag . Respondent quantity (n)

Radiation anxiety Score Absolute P% (95 % Al)
No 9-15 29 8.9 (5.8-12.0)
Low 16-22 132 41.4 (39.3-43.5)
Medium 23-29 113 34.9 (31.8-38.0)
High 30-36 48 14.8 (11.8-17.7)
Mean, points M (SD) —22.9 (5.8), Me (LQ; HQ) — 22.0 (19.0; 27.5)

It was established that more than a third of
respondents — 34.9 % (95 % CI 31.8-38.0), have radiation
anxiety, that corresponds to the medium level. Specifically,
these are persons, who are concerned about radiation
pollution of the residential area, food, water, air, and soil,
but does not consider the operation of nuclear power
plants harmful and can support their construction.

A high level of radiation anxiety, which is
characterized not only by a person’s concern about
radiation pollution of the environment and foodstuffs,
but also by confidence in the NPP danger, was observed
in 14.8 % (95 % CI 11.8-17.7) of respondents.

A low level of radiation anxiety was determined in
41.4 % (95 % CI 39.3-43.5) of respondents. These people
are not worried about the effects of radiation on their
health, do not consider the operation of nuclear power
plants harmful, support their construction, but recognize
the possibility of radiation pollution on the residential
territory, foodstuffs, water, air, and soil. Overall, the
average severity of radiation anxiety among participants
was M(SD) = 22.9 (5.8) points, which corresponded to
the upper limit of the low level interval.

In 8.9 % (95 % CI 5.8-12.0) of cases, the sum of
points was lower than the level of radiation anxicty
presence (9-15 points). This are people who are not

concerned about the effects of radiation on their health,
do not consider their residential territory to be radiation-
dangerous, do not see any harm in the operation of
nuclear power plants, and support the construction of
new power units. It should also be noted the absence of
significant differences between indices of radiation anxiety
in respondents of different genders and ages.

To find out dynamic changes in the structure,
including level and prevalence of radiation anxiety states
in the population, we used the results of a similar our
study in the Kropyvnytskyi city (formerly Kirovohrad) in
2014 (table 3). At that time, only 3.9 % (95 % C1 0.3-8.1)
of respondents had a high level of radiation anxiety,
characterized not only by concern about radiation pollution
of the environment and foodstuffs, but also by confidence
in the danger of nuclear power plants. In another quarter
of respondents (27.6 %; 95 % CI 24.1-31.1) radiation
anxiety reached a medium level, specifically, concern about
radiation pollution of the residential territory, foodstuffs,
water, air, soil, support for the future construction of the
NPP and not notice the damage from NPP operation. In
16.0 % (95 % CI 10.7-21.3) of cases, the sum of points
was lower than level of radiation anxiety presence [9]. The
obtained results show an essential increase in the levels of
medium and high radiation anxiety among residents of
Kropyvnytskyi over a 5-year period.

Table 3

Comparative characteristics of the radiation anxiety level among residents of Kropyvnytskyi for different years

Radiation anxiety Point score

P % (95 % CI)

2014 2019
No 915 16.0 (10.7-21.3) 8.9 (5.8-12.0)
Low 16-22 52.5(49.3-55.7) 41.4 (39.3-43.5)
Medium 23-29 27.6 (24.1-31.1) 34.9 (31.8-38.0)*
High 30-36 3.9(-0.3-8.1) 14.8 (11.8-17.7)*

Note: * differences in indices p<0.05

In 2016, the complex measures to prevent
radiation anxiety states were offered to the authorities
of Kropyvnytskyi city [9]. However, results of the latest
(2019) study may indicate an insufficient implementation
of such measures in the city.

In our studies, respondents’ suspicious attitude
towards radiation exposure was revealed. Same results were
also obtained in other studies. In particular, the authors
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from the Palermo University surveyed of 343 patients who
had to undergo X-ray examination, MRI, and CT. Eighty-
three of 343 patients were excluded due to non-completion
of the questionnaire. Thirty-one percent of female patients
underwent MRI, 18 % breast imaging, 10 % X-ray, 22 %
computed tomography, and 19 % ultrasound. Forty-one
percent of patients applied for the examination due to
oncological diseases, and 59 % — due to non-oncological
diseases. A high level of anxiety was present in the majority
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(approximately 91 %) of patients. Anxiety level was higher
in non-oncology patients (54 %) and in patients awaiting
MRI (29 %) [6, 8].

Mental outcomes such as depression, anxiety and
post-traumatic stress disorder (PTSD) are highly prevalent
in the population affected by a radiation disaster. Swedish
scientists investigated the effects of the Fukushima nuclear
accident on mental health. After a nuclear disaster, the
most common mental health disorders are PTSD, anxiety
and depression. PTSD is characterized by severe anxiety
and high levels of stress, the most marked symptoms are
hypervigilance, unusual behavior, and re-experiencing the
trauma, such as flashbacks or nightmares. These authors
found PTSD in 14-59 % of evacuees in the first year after
the Fukushima nuclear accident. The results of the Mental
Health and Lifestyle Survey (MHLS) (Fukushima Medical
University) among people from evacuated areas should also
be mentioned. This study found that the likely prevalence
of depression among adult evacuees was 14.6 % in 2012
and slowly declined to 9.7 % in 2014, but was significantly
higher than the average in Japanese, i.e. approximately
3 % of respondents. The surveyed depressive states indicate
the need for further activities on educational measures
to elucidation the real danger of NPP accident [7]. The
discrepancies between these results and our studies of the
radiation anxiety level dynamics can be explained by the
nonrecurrent nature of the Fukushima nuclear incident,
which interpreted by the population as a «disaster in
the past», in contrast to the permanent threat from the
operating nuclear fuel cycle facilities in Ukraine [5].

In our work, the insufficient information awareness of
the population regarding the radiation pollution of the territory,
water, and foodstuffs was revealed. The spread of gossip and
the most incredible rumors had a negative effect on the
radiation anxiety status. Similar studies of Japanese scientists
was aimed to investigate the relationship between receiving
radiation information from media and radiation anxiety among
Fukushima residents 5.5 years after the nuclear power plant
accident. Between August and October 2016, two thousand
randomly selected residents of Fukushima Prefecture were
surveyed. Seven hundred and ninety (39.5 %) residents gave
reliable answers. The obtained results showed that radiation
anxiety can be increased not by receiving information from
media, but by interpersonal communication and unidirectional
information exchange [4, 10].

The obtained results encourage the authors to
future research for finding out correlations and the effects
of larger-scale social shocks — in particular, prolonged
military aggression and accompanying social troubles on
the structure of «traditional» anxiety states of the population
in the territories with nuclear fuel cycle facilities.

CONCLUSIONS

1. It was shown that, along with the well-known
ecological consequences of the operation of nuclear fuel
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cycle companies, including the formation and spread of
steady radioactive pollution of the environmental facilities,
in residents of cities with nuclear fuel cycle companies
develop and maintain a specific psycho-emotional
state — radiation anxiety, which is manifested by a complex
of neuromental and somato-physiological disorders against
the fear of ionizing radiation sources background. However,
this psychogenic effect may not be associated with the
degree of real health consequences of ionizing radiation.

2. Developing and maintaining at a certain level of
specific anxiety states among the population, including
radiation anxiety, usually occurs against the background
of even relatively stable military and socio-economic
situation in the country. It was determined, that in 2019,
before the COVID-19 pandemic and the full military
aggression of Russia against Ukraine, more than 90 % of
the surveyed Kropyvnytskyi residents, regardless of gender
and age, were concerned about possible radiation pollution
of the environment and foodstuffs; 34.9 % had medium
level of radiation anxiety, 14.8 % — high. Low radiation
anxiety was detected in 41.4 % of respondents, and in
8.9 % it was absent.

3. It is shown that within 5 years (2014-2019) there
have been noticeable negative structural changes in the
radiation anxiety states of the surveyed urban residents,
in particular: the amount of people without signs of
radiation anxiety has halved (8.9 % vs. 16.0 %) and nearly
quadrupled the number of respondents with a high level
of this psycho-emotional state (14.8 % versus 3.9 %).

Perspectives of further research. The obtained
results encourage the authors to continue the studying
of specific radiation anxiety states of the population to
find out the dynamics of their qualitative and quantitative
characteristics against the background of more vigorous
and dangerous consequences of specific and social
disasters, and also taking into account that in Ukraine
the main factor of radiation anxiety remains actual today —
the activity of nuclear fuel cycle companies.
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BeTyn. 3HauHMIT 06CAT CyIIepeYAMBIX IIOBIAOMAEHD CTBOPIOE YMOBY AASL 3aHEIIOKOEHHS IIIOAO BIIAMBY paaiarii
Ha 3A0pOB’sl. AAeKBAaTHICTb OITiHKM IIPOOAEM Ta BIATIOBiA€ Ha ITi BUKAVKY 3aA€XKUTD BiA AXKEpPeA, SIKMMI KOPU-
CTY€TBCS AIOAVMHA, 11 KYABTYPH i OCBITH, & TAKOXK €MOIIIfHOTO 3a6apBAeHH$I ITi€T OIIiHKIA.

MeTa — Ha MiACTaBi IICMXOAOTO-Tiri€HIYHOI OI[iIHKM BU3HAYMUTV AMHaMidHi 3MiHM OIIMPEHOCTI Ta CTPYKTypH
PaAlOTPMBOXKHIX CTaHiB HACEAEHHS 3a CTAAMX COITIaABHMX YMOB.

Marepiaru Ta MeTOAU. AAST BUBUEHHS i OIIHKY CIIPUITHATTS XXUTEAIMY M. KpoTTMBHUIIbKII PiBHSA i OIpe-
HOCTi paAiOTPMBOXKHIIX CTaHiB 6YAO IIPOBEACHO OIIMTYBAaHHS B COITIaABHIIX MepeXKaX 3 AIOTOTO II0 rpyaAeHb 2019
poxy 3 Buxopucranaam Google Form. Aast oIliHKy AMHaMiYHMX 3MiH paAiOTPMBOXKHOCTI BUKOPMCTOBYBAaAU
AaHi BAACHIX AOCAiAXeHB, IpoBeaeHnX y 2014 pomi. MeToAMKa aHKeTyBaHHs 6asyBaAach Ha 3acaAax paHi-
IIle BUITPOOyBaHOI i 3armaTeHTOBaHOI «MeTOAMKIY BUSHAYEHHS PaAlOTPUBOXKHOCTI HaCeAeHHs» Ta MOHOrpadil
«PaAlOTpMBOXHICTD HaCeA€HHS». Y AOCAIAKEHHI B3SIAM y4dacTh 324 xurteaiB M. KponmBHMIIbKIIL BikoM Bia 18
AO 73 POKiB, 3 HMX YOAOBiKiB — 155 (47,8 %), xiHoK — 169 (52,2 %). Cepeaniit Bik onurannx (Me (LQ; HQ)) -
27 (20; 33) poxis.

PesyabpTaTn. Y Memxaniiis Mict 3 06’exramu ATTL popmyeTbest Ta MIATPUMYETHCS Ha TOMY YU iHIIOMY PiBHi
crienyipiuHMI IICUXOEMOIIITHII CTaH — PaAIOTPUBOXKHICTB, IO IIPOSIBASIETHCST KOMIIAEKCOM HEPBOBO-TICUIXITHIIX
i coMaTo-i3ioAOriYHIMX PO3AAAIB Ha TAl 60sI3HI AXepea 10HI3yI0Uol paaiamii. Pasom 3 1uM, Takuii IICUXOreH-
HUI epeKT MOXKe Oy Ty He IIOB’sI3aHMIA 31 CTyIIeHeM PEaAbHOTO BIIAUBY 10HI3yI0YOTO BUIIPOMIHIOBAHHS Ha 3A0-
poB’s AfoaAVHM. BusHadeHo, 1m0 craHom Ha 2019 pix, Ao mommpenss masaemii COVID-19 Ta moBHOMacmTabHOI
36poiiHoOI arpecii pocii mpotn Yxpainn, nonaa 90 % onmraHux MerkaHIiB M. KponmBHUIBKII, HE3aAEXKHO Bia
CTarti Ta BiKy, CTypOOBAHO CTaBUAVICH AO MOXKAVBOTO PaAiallifiHOTO 3a0pyAHEHHS AOBKIAAS i IIPOAYKTIB Xap4y-
BaHHS, 34,9 % MaAM cepeAHilt piBeHb paaioTpuBOXHOCTI, 14,8 % —Bucokmii. Husbka paAioTpMBOXHICTD BUSBAE-
Ha B 41,4 % pecrioHA€HTIB, a B 8,9 % — BIACYTHS.

BucnoBku. ITpotsrom 5 poxis (3 2014 Ao 2019) BiaGyAMch IOMITHI HeraTuBHi 3MiHI y CTPYKTYpi paaioTpuso-
JKHVIX CTaHiB OIIMTaHMX MEIIKAHIIiB MiCTa, 30KpeMa: YABi4i 3MeHIIAACh KiABKICTB 0Cib 6e3 03HaK paAlOTPMBOXK-
HocTi (8,9 % nporu 16,0 %) Ta Maii>ke BUETBEPO IMODIABIIIAAO PECIIOHAEHTIB 3 BICOKMM PiBHEM IIHOTO IICUXOEMO-
miiiHoro crany (14,8 % npotu 3,9 %). OTpuMaHi pe3yAbTaTi CIIOHYKAIOTh aBTOPIB IPOAOBXIUTI AOCAIAKEHHS
crnenyivHNX paAiOTPUBOXHIX CTaHIB HACEAEHHS 3 METOIO 3'CYyBaHH: X AMHAMIKI.

Kniouoei cnoea: papioTpMBOXHICTB, Aelpecisi, TPUBOXKHICTH, BMAOOYBaHHS ypaHy, YpaHOBi IIaxTH,
MiATIPMEMCTBA SIAEPHO-TIAAVBHOTO IIVIKAY
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