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Abstract: The purpose of the work was to analyze the ecological-radiation situation and its impact on the
state of the immune system in the residents of the Donetsk region during the war of Ukraine with the RF in
2014-2025. It was established that since 2014, as a result of military actions, the infrastructure of the
Donetsk region has been destroyed and the radioecological situation, which before the war was in a state
of crisis due to the overindustrialization of the region, has been steadily deteriorating. The destruction of
chemical, metallurgical, mining, and thermal power industry facilities leads to pollution and the spread of
xenobiotics and radionuclides in the environment. The latter come from both destroyed industrial facilities
and flooded fields and agricultural lands located in places of natural radioactive emanations that are part of
the geological platform of Donbas. In the dynamics of observation from 2014 to 2025, residents of the
Donetsk region have been experiencing negative changes in their psycho-emotional state and
psychoneuroimmune regulation, which are constantly deepening. Changes in nonspecific resistance cells
indicate its tension at the level of adaptation disruption, and the state of the immune system indicates a
tendency to the formation of immune deficiency and a decrease in the control of genetic homeostasis.
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1. Introduction

The ecological and radiation situation in the Donetsk region is associated with the
peculiarities of the geological platform of Donbas and the impact of pollution caused by the
mining, chemical, and metallurgical industries. The geological platform of the Donetsk region is
saturated with radioactive emanations, which causes a constant effect on the biota of low-intensity
ionizing radiation due to the presence of isotopes 226Ra, 232Th, and 40K [1, 2]. Soil, air, and
water contamination with radioactive elements constantly occurred during the extraction of
minerals and agricultural work. Waste dumps located near the residential area, which were formed
as a result of coal mining by mines, and the operation of thermal power plants, cause the
appearance of radioactive dust and ionizing y-radiation, which further complicates the radiation
situation in the region [3]. In the Donetsk region, 13,000 radioactive spots were formed as a result
of radioactive fallout after the Chernobyl accident, with radiation sometimes up to 1 km?rad. It
was established that raw materials and food products were contaminated with radionuclides of
Chernobyl origin [4]. In fact, before the military operations, the Donetsk region was constantly
under the influence of the combined action of technogenic and natural radiation and a complex of
harmful factors: chemical, metallurgical, mining, and mining processing industries [1, 3].
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The purpose of the work was to analyze the ecological radiation crisis and its impact on
the state of the immune system in the inhabitants of the region against the background of the
ecological and radiation situation in the Donetsk region in the pre-war period and in 20142025
during the Russian aggression.

2. Materials and methods

The study used cognitive, bibliosemantic methods, psycho-emotional state research, and
immunological studies. The psycho-emotional state was determined in 671 conditionally healthy
individuals, aged 18-65 years, from the contingent of displaced persons from areas not controlled
by Ukraine (UZOP) and residents permanently residing in the territory controlled by Ukraine
(UZOR) in the period 2017-2019 and 2022—-2025. The presence and degree of anxiety (An),
depression (Dep), post-traumatic stress (PTS), and functional state (FS) were determined in the
studied individuals. The questionnaire and assessment of the obtained results regarding the
psycho-emotional state were carried out on the basis of a test developed by the Kyiv-Mohyla
Academy based on the inclusion of anxiety and depression indicators (HADS) according to the
Hospital Scale in its own modification [5]. The state of the immune system was determined using
level 1 immunological methods. Additionally, cytomorphological methods were used to study the
state of neutrophils and lymphocytes [6, 7]. The following indicators of nonspecific resistance
were investigated, such as the content of rod-shaped (Rsh) and segmented (SN) neutrophils (N),
eosinophils (E), and monocytes (M). To assess the state of the immune system (IS), the content of
lymphocytes (L) and natural killer cells (NK) was determined. We studied the frequency of
detection of cytomorphologically altered neutrophils in their total pool: disintegrated cells (CR),
the number of cells with ruptures of the cytoplasmic membrane and swelling of the nucleus (SN),
fragmented (FN), hypo (HpsN) and hyper segmented (HrsN) nuclei, cells with villous chromatin
(vchr), and cells with toxigenic cytoplasmic granularity (TCG). When studying
cytomorphological changes in lymphocytes, the number of Botkin-Gumprecht disintegrations, the
content of aberrant lymphocytes (ABL), spindle-shaped lymphocytes (SpshL), lymphocytes in the
form of a mirror with a handle (MHL), young forms of lymphocytes (YnFL), elongated (EngL),
cells with a bean-shaped nucleus (BShN), large granular lymphocytes (LGL), plasma cells (PL),
broad-plasma lymphocytes (SPL), and scalloped lymphocytes (FL). And also degraded and
pathological lymphocytes: cells with a dry leaf nucleus (SL), villous lymphocytes (VOL), and
Ridder lymphocytes (RL) were determined. When analyzing cytomorphological changes in
neutrophils and lymphocytes, their number per 100 cells of a particular pool was taken into
account. The results obtained were expressed in percentages (%). Data analysis and statistical
processing were performed in the statistical program Statistica 12.0 (3BA94C4EDO07A). When
comparing mean values in normally distributed populations, the Student's t-test was calculated.
Differences between the control and experimental groups were considered statistically significant
at p< 0.05.

3. Results and conclusion

Since 2014, the infrastructure of Donbas has been destroyed as a result of military
operations: chemical and metallurgical industry facilities have been damaged, forests and gardens
are burning, agricultural lands are being destroyed, and rivers, natural and artificial reservoirs, and
the Sea of Azov are being polluted [8, 9]. Flooding of mines and adjacent territories led to
contamination of groundwater and surface waters with iron, chlorides, sulfates, other mineral salts,
and heavy metals, as well as radionuclides. The operation of water treatment and drainage facilities
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has been disrupted and stopped, and municipal sewage and water supply networks have been
damaged [9-11]. Explosions and shelling in areas of natural radiation led to the release of
radionuclides into the soil, water, and air. Since 2014, an increase in the level of y-radiation has
been recorded. In parallel, heavy metal pollution is increasing. Only during 2017-2018, an excess
of the content of such elements as mercury, vanadium, cadmium, and non-radioactive strontium
by 1.1-1.3 times was detected in the region. In most cases, the content of heavy metals in soil
samples taken in places of military operations exceeds the background value by 1.2-12 times.
Residents of the Donetsk region, as well as residents of other territories contaminated with
radionuclides, immunosuppression, and an increased frequency of endocrine pathology, were
observed [12-15]. It has been established that the population of Ukraine, especially the residents
of the Donetsk region, both displaced persons from uncontrolled territories and residents living in
territories controlled by Ukraine, have signs of explosive trauma [16]. Existence in conditions of
war and resettlement, sometimes multiple, from areas of hostilities, as well as a large flow of
information about destruction and deaths, causes constant fear for one's life and future. Being in
conditions of constant stress overloads the psyche and nervous system, causes emotional fatigue,
and is reflected in the deepening of disorders of psychoneuroimmune regulation [17].

In the conditionally healthy population of the Donetsk region, negative changes in psycho-
emotional state are observed, which are constantly deepening from 2014 to 2025.

Figure 1 shows data on negative changes in indicators of anxiety, depression, post-
traumatic stress, and functional ability among the contingent of displaced persons and residents,
compared with the norm. As can be seen from the data presented, in the period 2017-2019, the
indicators of the psycho-emotional state on average did not differ from the norm, with the
exception of the post-traumatic state, which was higher, but not significantly, in the persons of the
contingent of the UZOP. In the period 20242025, such indicators as depression, functional state,
and especially post-traumatic stress significantly increase, compared with the norm and the
previous period of the study.
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Fig. 1. Indicators of the psycho-emotional state of conditionally healthy residents (UZOR) and displaced
persons (UZOP) of the Donetsk region in comparison with the upper limit of the norm: anxiety (Tr),
depression (Dep), post-traumatic stress (PTS), functional state (F) VMN- upper limits of the norm for the
period 20172019 yy. (4) and 2024-2025 yy. (B)

Data on the dynamics of the content of leukocytes and cells that provide nonspecific
resistance: neutrophils, eosinophils, and monocytes and the functioning of the immune system in
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the peripheral blood of conditionally healthy residents of the Donetsk region during the
observation period (1992—-2024) are shown in Figures 2—4. The results of the study showed that
the reduced levels of leukocytes and leukogram elements in residents of the Donetsk region who
did not participate in the liquidation of the Chernobyl accident and did not work in the mines from
1992 to 2012 gradually recovered from the period of the Chernobyl accident (1986) to the regional
norm [10, 13, 14].

A constant content of leukocytes and leukogram elements, with the exception of
monocytes, the content of which gradually increased within normal limits (0-0.6 G in 1), was
recorded for 10 years, including 2012. After the beginning of the Russian aggression in 2014,
changes were detected in the content of leukocytes and leukogram elements when compared with
the indicators of the pre-war period and in the dynamics of military operations from 2017 to 2024.
Thus, a tendency to increase the content of leukocytes to the upper limit of the norm was
established. Changes in the content of leukocytes occurred mainly due to cells that provide
nonspecific resistance: neutrophils, especially rod-shaped ones, eosinophils, and monocytes. The
content of the latter increased significantly (P < 0.05) from 2012 to 2017 and had a tendency to
increase during the active phase of the war with the Russian Federation in 2024. Unlike cells that
provide nonspecific resistance, the content of L practically did not change in the dynamics of the
study from 1992 to 2024 and corresponded to the average norm (AN). At the same time, the content
of natural killer cells (NK) was within the regional norm from 1992 to 2017, and in 2024 it
significantly decreased (P < 0.05).
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Fig. 2. Dynamics of leukocytes, neutrophils (N), and lymphocytes (L) content in residents of Donetsk
region 3 from 1992 to 2024.
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Fig. 3. Dynamics of the content of rod-shaped neutrophils and eosinophils in residents of the Donetsk
region 3 from 1992 to 2024.
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Fig. 4. Dynamics of the content of monocytes and natural killers in residents of the Donetsk region 3 from
1992 to 2024.

Figure 5 shows data on cytomorphological changes in cells that provide nonspecific
resistance in dynamics from 1992 to 2022.

Cytomorphological changes, such as cell disintegration, nuclear swelling, villous nuclear
chromatin, toxigenic granularity of neutrophil cytoplasm, nuclear fragmentation, and nuclear
hypersegmentation, were recorded in 100% of the examined contingent at all reference points of
the study. But their content in the neutrophil pool differed.

As can be seen from the data presented in Figure 5, the content of SN cells, the appearance
of which indicates an increase in lipid peroxidation processes, doubled from 2017 to 2024
(P < 0.05). The average content of Vchr cells, the presence of which in the neutrophil pool
documents the presence of initiated and incomplete cell division, more than doubled during the
study period from 2017 to 2024 (P < 0.05). The presence of \Vchr cells in the neutrophil pool also
indicated a decrease in the function of lymphocytes in removing such cells, i.e., a partial loss of
the function of controlling genetic homeostasis by lymphocytes. The content of young hypo
segmented cells in the neutrophil pool practically did not change from 1992 to 2012 and had a
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slight tendency to increase during the ATO/JCO period and significantly increased before the start
of the war in 2024 (P < 0.05). The content of old hypersegmented cells (HrSN) in the neutrophil
pool had no significant differences from 1992 to 2012 and increased more than 10 times in 2024
(P < 0.05). The content of TCG cells in the neutrophil pool, the content of which indicates the
presence of endogenous intoxication, increased significantly in 2017 compared to 2012, and in
2024 it was three times higher than the indicators of 2017 and the norm (P < 0.05). The content of
degraded cells with fragmented nuclei (FN) was stable from 1992 to 2012 and more than doubled
since 2017 (P < 0.05). The frequency of cell decays (CR) tended to increase in 2017 compared to
the pre-war period and significantly increased by almost 2.5 times (P < 0.05) in 2024 compared to
the indicators of 2012. That is, on the one hand, since 2017, the processes of aging and cell decay
have significantly accelerated, and on the other hand, the myelocytic germ of hematopoiesis has
been activated, which is reflected in the increased release of young neutrophils with
hyposegmented nuclei into the peripheral blood. These processes occur against the background of
significantly increased toxic-inflammatory processes.
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Fig. 5. Dynamics of the content of cytomorphological altered cells in the neutrophil pool of cells with
nuclear swelling (SN), chromatin villainess (Vchr), fragmented (FN), hypo (HpSN), and hypersegmented
(HrSN) nuclei, with toxigenic cytoplasmic granularity (TCG) and cells in a state of disintegration (CR) for
the period 2012-2024.

Figure 6 shows data on cytomorphological changes in the lymphocyte pool. As can be seen
from the data presented, the content of immature T-lymphocyte populations in the pool: SpSpL
and MHL was stable and corresponded to the norm for the region from 1992 to 2017, and in the
dynamics of the study from 2017 to 2024, it significantly increased by more than 6 and 8 times,
respectively. The content of young lymphocytes (YnFL), which was stable in 1992-2017,
increased threefold in 2024 and significantly exceeded the previous indicators and the norm
(P < 0.05). At the same time, the content of natural killer precursors — BshN - gradually increased
within the normal range from 1992 to 2017 inclusive, and in 2024 it significantly decreased
(P < 0.05), compared with the indicators of 1992-2012 and the norm. The constant content of
natural Killer analogues — LGL - had a tendency to decrease in 2024, compared with the results of
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previous studies, but remained within the normal range. In the B-lymphocyte population in 2024,
a tendency was recorded to increase the pools of plasma cells PL and broad plasma cells SPL, the
indicators of which remained within the normal range, and a probable increase in the pool of
scalloped lymphocytes FL (P < 0.05), compared with the norm and data from previous studies.
The content of pathological lymphocytes with a deformed membrane in the form of a dry sheet SL
and Ridder lymphocytes RL fluctuated during 1992-2017 from low to high values within the
normal range, and in 2024 it significantly and reliably increased (P < 0.05), compared with the
data of previous studies, and went beyond the upper limits of the norm. The results obtained
showed that 10 years after the beginning of the Russian invasion of Ukraine, in the lymphocyte
pool of conditionally healthy individuals of the Donetsk region, the content of immature low-
functioning T-lymphocytes significantly increases, the content of NK and their precursors
decreases, and the content of B-lymphocytes also increases, creating an imbalance in the
populations of T- and B-lymphocytes and disrupting the homeokinesis of the organism. This is
manifested by a probable and significant increase in the lymphocyte pool of pathological cells in
the form of SL and RL and indicates not only stress but also a violation of adaptation at the level
of the T-link of the IS. At this time, the T-link insufficiency is probably still compensated by the
B-link of the IS and the tense functioning of the non-specific resistance at the level of the disorder,
which was established by us in previous studies. [11, 13, 14].
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Fig. 6. Dynamics of the content of cytomorphological altered cells in the lymphocyte pool of neutrophils:
spindle-shaped lymphocytes (SpSpL), mirror-shaped lymphocytes with a handle (MHL), young forms of
lymphocytes (YnFL), cells with a bean-shaped nucleus (BShN), large granular lymphocytes (LGL), plasma
cells (PL), broad-plasma lymphocytes (SPL), scalloped lymphocytes (FL), lymphocytes with a dry leaf
nucleus (SL), and Ridder lymphocytes (RL) for the period 2012—2024.

Thus, it was established that the residents of the Donetsk region, both displaced persons
from territories not controlled by Ukraine and residents, have observed changes in psycho-
emotional state and psycho-neuro-immune regulation, which are constantly deepening from 2014
to 2024. Changes in non-specific resistance cells indicate its tension at the level of disruption of
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adaptation, and, in the immune system, a tendency towards immune deficiency and a decrease in
control of the genetic homeostasis of the organism.

4. Conclusion

The Russian military aggression, which began in 2014, has catastrophic consequences for

the economy, natural resources, and ecosystems of the Donetsk region and causes a significant
negative impact on the health of the population of the Donetsk region, which is manifested by
violations of psycho-neuro-immune regulation, a decrease in the ability to adapt non-specific
resistance at the level of disruption, dysregulation, and a decrease in the functioning of the immune
system.
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BJIMSTHUE BOEHHBIX JEVCTBHUI HA PAITMOSKOJIOTMYECKYIO CUTYAIIUIO
U UMMYHOJOTMYECKHUA CTATYC ) KUTEJIEW TOHELIKOI'O PETUOHA BO
BPEMSI BOMHBI YKPAUHBI C P®

E.A. Pakma-CmocapeBa, O.A. Cirocapes, H.. Onepuyk,
51.B. Typ, I.M. Pammnnosa

Pe3rome: llenpio paboThl OBIT aHATU3 AKOJOTOPAAMAIMOHHON CHUTyallid M €€ BIUSHHE Ha COCTOSIHHE
CHCTEMBI IMMYHUTETA y HaceJIeHus [JOHeTIKoro pernoHa B TedeHe BOHHBI YKpauHsl U PO ¢ 2014 mo 2025
roJsl. YcraHoBieHo, uTo ¢ 2014 roxa, B pe3ynbraTe BOGHHBIX JEHCTBUI, pa3pymaercs HHPPaCTPyKTypa
Hdonbacca u CcTpeMHUTENBHO YXYALIAETCS PaJMOdKOJIOTMYECKasl CUTyalus, KOTopas, B pe3ylbTare
CBEPXMHAYCTPUANIHM3AIMA PEruoHa, HaxXoAWiach B KPHU3MCHOM COCTOSHHM W [0 Hadajla BOIHBI.
Paspyiienne 0OBEKTOB XMMHYECKOH, METAJUTyprHYECKOH T'OPHOMOOBIBAIOIICH, TEMJI0HEPreTHYECKON
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MPOMBIIIIIEHHOCTH MPUBOIUT K 3aTPA3HEHUIO M PACIIPOCTPAHEHHIO B OKPYKAIOIIEH cpeie KCeHOONOTHUKOB
U paguoHykiaunoB. [lociennue moctynaroT, Kak U3 pa3pylIeHHBIX WHIYCTPUAIBHBIX OOBEKTOB, TaK M 3
3aTOIUICHHBIX INAXT W CEIIbCKOXO3SIMCTBEHHBIX YrOAWH, pPACIIONIOKEHHBIX B MECTax MPUPOJHBIX
PanoaKTUBHBIX AMaHAIMH, BXOISIIIMX B COCTaB reoiornyeckoil miardopmel Jonbacca. B nuHamunke
Habmogenust ¢ 2014 1. mo 2025 r. y xwuteneit Jlombacca HaOMIOZArOTCS HETATHBHBIE CABHUTH
IICHXO3MOIIMOHATBHOTO  COCTOSHHUSA ¥ TNCHUXOHEHPOMMMYHHOH PETYISALUH, KOTOPhIE ITOCTOSHHO
yrayonstoTes.  M3MeHeHUsl KIIETOK HecTeNU(HUYECKOH PE3UCTEHTHOCTH CBHICTEIBCTBYIOT O €€
HanpsDKEHUH Ha YpPOBHE CpBIBA aJalTallid, a COCTOSHHE WMMYHHOM CHUCTEMBI — O TEHICHIHUH K
(GOopMHPOBaHUIO IMMYHHOH HEJOCTATOYHOCTH ¥ CHIDKEHHUIO KOHTPOJISI TEHETHYECKOT0 TOME0CTasa.

Knrouegwle cnosa: BoliHa, YKpanHa, SKOJIOropaJualliOHHas CUTYyalusl, CHCTeMa UMMYHHTETA.

UKRAYNA VO RUSIYA FEDERASIYASI ARASINDA MUHARIBO ZAMANI
DONETSK BOLGOSIi SAKINLORININ RADIOEKOLOJi VO iIMMUNOLOJI
VOZiYYOTINO HORBi OMOLIYYATLARIN TOSIRI

0.A. Raksa-Sliusareva, O.A. Sliusarev, N.I. Opercuk,
Ya.V. Tur, S.M. Rasidova

Xiilasa: Bu todqigatin mogsadi 2014-cii ildon 2025-ci ilo godor Ukrayna ilo Rusiya arasinda bas veran
miitharibs zaman1 Donetsk vilayatinin ekoloji vo radiasiya voziyyatini vo shalisinin immun sistemina tasirini
tohlil etmok olub. Miioyyon edilmisdir ki, 2014-cii ildon bari horbi amaliyyatlar noticosinds Donbasin
infrastrukturu dagidilib vo radioekoloji vaziyyat siiratls pislogib. Regionun haddindoan artiq sanayelogmosi
sababindan miiharibadan avval onsuz da kritik vaziyystds olan vaziyysti daha da gorginlosib. Kimya,
metallurgiya, madan va istilik enerjisi sonayesi obyektlarinin dagidilmasi ¢irklanmaya va ksenobiotiklorin
vo radionuklidlorin  otraf miihito yayilmasina sabab olur. Sonuncular hom dagidilmis sonaye
miiassisalorindon, hom do Donbas geoloji platformasinin bir hissasi olan tobii radioaktiv emissiya
arazilorinda yerlogon su basmis modoanlordon vo kond tosorriifatt torpaglarindan golir. 2014-cii ildon
2025-ci ilo godor miisahide dinamikasinda Donbas sakinlorinin psixo-emosional voziyyatlorindo vo
psixonevroimmun tanzimlonmasinda daim darinloson manfi dayisikliklor yasadigi miisahids edilmisdir.
Qeyri-spesifik miigavimot hiiceyralorindoki doyisikliklor onun adaptasiya catismazligi soviyyasinds
gorginliyini, immun sisteminin voziyyati iSo immun catigmazhigmin inkisafina meylliliyi vo genetik
homeostazin nazaratinin azalmasini gostarir.

Agar sézlar: miiharibs, Ukrayna, otraf miihit vo radiasiya voziyysti, immun sistemi.

33



