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Summary

Abstract: The Semipalatinsk Nuclear Test Site (SNTS) in Kazakhstan was the site of extensive nuclear testing during
the Soviet era, leading to long-term environmental contamination and potential health effects for exposed populations.

Aim: Analysis of existing studies on radiation dosimetry and health effects of radiation exposure in the affected regions.

Search strategy: Relevant literature was identified through searches in PubMed, Scopus, and Web of Science
databases. The search covered studies published up to January 2025 using the following key terms: “Semipalatinsk nuclear
test site”, “radiation exposure”, “biodosimetry”, “transgenerational effects”, and “radiation-induced mutations”. No date or
language restrictions were applied at the search stage. A total of 74 records were initially retrieved. After duplicate removal,
70 articles were screened based on title and abstract. The full text of 45 articles was reviewed for eligibility, and 39
publications were selected based on their relevance to the objectives of this review.

Results: The article discusses key biodosimetric methods, including electron paramagnetic resonance (EPR),
fluorescence in situ hybridization (FISH), and glycophorin A (GPA) assays, which have been used to estimate radiation
exposure. Studies indicate increased mutation rates, potential transgenerational effects, and a heightened risk of oncological
diseases among exposed populations. Despite decades of research, uncertainties remain regarding radiation exposure's
long-term genetic and epigenetic consequences.

Conclusions: This review highlights the necessity for further investigations using advanced molecular techniques to
clarify the impact of radiation on future generations and improve radioprotection strategies.

Keywords: Semipalatinsk Nuclear Test Site, radiation exposure, biodosimetry, transgenerational effects, health risks,
radiation-induced mutations
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1HAO «MepauumHckui yHusepcuteT Cemeli», r. Cemel, Pecny6nuka Kasaxcrah;

2 LleHTp cyne6HO-mMeauUMHCKOM 3kcnepTn3bl no AGanckon o6nacTtu, r. Cemen, Pecny6nuka KazaxcraH;
BonbHuua ckopon MeauuuHckon nomolum r. Cemen, r. Cemen, Pecnyobnuka KasaxcraH;
BonbHuuya MegunumHckoro ueHTpa npu Agmunuctpauum MNpeamgenta Pecnyonukn KaszaxcraH,

r. ActaHa, Pecny6nuka KasaxcraH;

® [lenapTaMeHT MeaAULIMHCKOro o6pa3oBaHus MUHUCTEPCTBA 34PaBOOXPaHEHMS] Pecny6nuku KasaxcraH,

r. ActaHa, Pecny6nuka KasaxcraH;

® CoBeTHMK no Hayke [Adupektopa HUWU kypopTtomorum ¢ megmumHcKon peabunurtaumen, r. AcTaHa,

Pecny6nuka KasaxcTaH.

Beepenue: CemunanatuHckuin sgepHblii nonuroH (CAM) B KasaxcraHe Gbin MectoM OBLIMPHBIX SOEPHBIX WUCTbITaHWA B
COBETCKMIA MEepuoa, YTO MPUBENO K ANUTENBHOMY 3arpsisHEHUIO OKPY)XatOLEeN cpedbl M MOTEHUMAmNbHBIM MOCNeACTBUSM ANS
30,0POBbS MOABEPTLUMXCS 0BTYYEHMIO MPYNN HACENEHNS.

Llenb. AHanu3 CyLLECTBYHOLLMX MCCNIER0BAHIA MO PaanaLMOHHON JOUMETPUM 1 MOCNEACTBUAM 0BMyYeHus Ans 300poBbs B
3aTPOHYTbIX PEr1OHaX.

Crpaterusa noucka: AkTyanbHast nutepaTypa Obina HargeHa nocpeacTBoM noucka B 6asax gaHHbix PubMed, Scopus n Web
of Science. Mouck oxBaTbiBan nybnukauum fo saHeaps 2025 roga C MCMOMNb30BaHMEM KMHOUEBLIX CMoB: «CemmunanaTuHCKuiA
SAEPHbIN MOMUIOHY, «BO3AENCTBME paanaLumny, «BMOA03MMETPUSY, «TPaHCTEHEPAaLMOHHbIE SEKTbI», «MyTaLM, Bbi3BaHHbIE
paavaumeny. Ha atane noucka orpaHuyeHns Mo fate v f3blky He npumeHsnuck. Beero Obino otobpaHo 74 nybnukauuu. Mocne
ypanexus gyonukatoB Bbino npoaHanuampoBaHo 70 cTateii N0 Ha3BaHWIO M aHHOTaUuM. [MonHbIi TekcT 45 nybrvkaumin Obin
pacCMOTPEH Ha NPeAMET COOTBETCTBHSI KPUTEPUSIM BKITOYEHMS, 1 B UTore 39 cTaTelt Obinu BKIOYEHb! B 0630p.

PesynbTatbl: B cTatbe paccMaTpuBaroTCa KIHOuYeBble MeTombl DMOf03MMETPIM, Takue Kak SMEKTPOHHBIA NapaMarHUTHBIA
pesoHaHc (MP), dnyopecueHTHas mbpuansauus in situ (FISH) n aHamma no rmukodbopuHy A (GPA), npuMeHsiemMble Anst OLEeHKN
YPOBHS  pafMaLMOHHOIO BO3AEACTBUSA. MccrenoBaHNs  YKasbiBalOT HA  MOBbLILUEHHBIA YPOBEHb MyTaLMiA, BO3MOXHbIE
TPaHCreHepaUyoHHble 3EKTbI U YBENMMYEHHBIA PUCK OHKOMOTMYECKUX 3abomneBaHUi y NOABEPrLLMXCA OOMyYeHMto rpynn
HaceneHus. HecMoTpst Ha [OecATUNeTUs UCCNENoBaHMA, OCTAlOTC HepeLL&HHble BOMPOChl O JOMrOCPOYHBIX FEHETUYECKUX W
3MUrEHETUYECKVX NOCTEACTBISIX PAMALMOHHOTO BO3AEHCTBYS.

BbiBopabI: Hactoswmit 0630p nogyepkunBaeT HeOBX0AMMOCTb AanbHENLMX UCCRenoBaHuiA C MPUMEHEHWEM COBPEMEHHBIX
MOJEKYMNSPHBIX METOOB ANS YTOYHEHWS BRWSHUS paguauuy Ha Oyaylwme MOKONMEeHWst W YCOBEPLUEHCTBOBAHWUS CTpaTeruil
paauaLoHHON 3aLLuTbI.

Knioveeble cnosa: CemunanamuHckull s0epHbill nonuz2oH, paduayuoHHoe eo030elicmaue, 6uodo3umempus,
mpaHcaeHepayUoHHble 3¢hehekmb, pucku 0 300p08bs1, Mymalyuu, 8bi3gaHHble paduayuel

Ans yumuposarus: [iocynos A., YalixyHycosa H., balibycuHosa A., Macabaesa M., AbeHosa M., lNusuHa J1., Opexos A.,
Cmaunosa X., MykaHosa /1., [lenecbaes M., Kucura P., Axmaduesa T., Anubaesa I"., Anbacosa C., A6dunsOuHosa I, N30eHoe
A., Jocmazambemosa P., Lllabdapbaesa []. PagnaunoHHoe Bo3genctame B CeMMNanaTHCKOM PErvioHe: TpaHCreHepaLyoHHble
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! "Cemeit meanumHa yHuBepcuTteTi" KEAK, Cemen K., KazakctaH Pecnyb6nukachi;
2 pAGait 06MbICHI GOMBIHLIA COT-MeANLMHANBIK capantama opTanbifbl, Cemen K., KazakctaH Pecnybnukachbl;
% Xepen meaMumHanbIK XopaeM KepceTy 6ombiHWwa Cemen Kananblk aypyxaHachkl, Cemen K., KaszakcTtaH
Pecny6nukacsi;
4 KasakcTtaH Pecny6nukacsi NMpe3ungeHTi OkimwiniriHih MeguuuHanbik opTanbiFbIHbIH aypyxaHachl,
AcTaHa K., KasakctaH Pecny6nukacsi;

KasakctaH Pecny6bnukachl [leHcaynblik cakTay MUHUCTpPRIriHiH, MeauunHansik 6inim 6epy genapTtameHTi,
AcTaHa K., KazakctaH Pecny6nukachi;
® MeanumHanbIk peabunuTauusMeH anWHanbiCaTblH KypPOPTOJIOrMS FbUbIMU-3€PTTEY WHCTUTYTbIHbIH
OUPEKTOPbIHbIH FbINbIMU KeHecwwici, AcTaHa kanachl, KasakctaH Pecnybnukachbil.

Kipicne: Cemeit spponbik cbiHak nonurobl (CACH) — KeHec payipiHoe KasakcTaH aymafblHOa opHanackaH saponbik
CblHaKTapAblH ayKbIMIbl aiMarbl 60mbIN, KopLUaraH OpTaHbIH, yY3aK Mep3iMai NacTaHyblHa XaHe XarbIKTbiH AEHCAY bIFbIHA SCEp
€Ty KayniHe anbin kengi.

3epTTeydiH MakcaTbl: 3apdan LUeKkeH aiiMakTapAarbl paguaumanblK JOUMETPUS XSHe AeHCayrblKKa Scepi XeHHAeri
FbirbIMU 3epTTeynepai Tanfanas!.

I3pey crparerusicbl: Katbictol agebuettep PubMed, Scopus xaHe Web of Science aepexkopnapbinaa isgengi. lagey 2025
XblNdblH KaHTapblHa OeMiH xapusnanFaH eHOekTepai kamTbigsl. KonpaHbinFaH Herisri ce3mep: «Cemen soponblK CblHak
MONMIOHbI», «pagmraLms acepi», «B1oo3MMETpUsy, «yprakka bepinetiH acepnepy, «pamuaumUsMeH LWaKbIpbIFaH MyTauusnapy.
l3gey GapbiCbiHAa xapusrnaHFaH yakbiTbl MeH Tini GoMbHILA LueKTey KondaHbinFaH oK. bapnbifbl 74 makana Ttabbinbin,
KaiTanaHaTbiHAApbl anblHbIN TacTanFaH coH, 70 Makana TakplpblObl MeH aHaatnacsl OoMbiHWa capantangpl. TONbIK MaTIHL]
LIoNy HaTUXeCHAE 45 Makarna Kapasnbin, 39 Makara OCbl LWONyFa eHri3ingi.

Hoatuxkenep: Makanaga paguaumsnbik acepai baranayra apHamnFaH Herisri O1ofosMMeTpUsIbIK SMiCTep — 3NEKTPOHAbIK
napamarnuTTik pesoHaHc (OMP), dnyopecueHTTi in situ rubpuamaauuscel (FISH), xaHe rmukocopuH A (GPA) chiHakTapbl
TangaHadbl. 3epTTeynep MyTauus XuiniriHiH XoFapbinaybl, bIKTUMan yprakapanblk Scepriep XaHe OHKOMOrUsrbIK aypyrnap
KayniHiH, apTkaHblH kepcetedi. OHpaFaH >xblnjapFa CO3blFaH 3epTTeynepre KapamacTtaH, paguauusHbiH, y3aK Mepsimii
FeHeTUKabIK XaHe anureHeTUKanbIK acepnepi Typarb! CypakTap allblk KyiiHae Kanbin oTbIp.

KopbITbiHgbl: Byn wony paguaumsHelH, Oonawak yprakka oCepiH HaKTbinay jkeHe papuauusnblk  Kayinciadik
cTpaTersinapbIH XeTingipy YLLiH 3amaHayu MonekynarbIK 94iCTepMeH KOChIMLLA 3epTTeyrep XyprisyaiH e3exTinirH kepceTeai.

Tyliindi ce3dep: Cemeli 0pONbIK CbiHAK NOMUROHBLI, paduauyus acepi, 6uodo3umempusi, ypnakapanbiK aceprep,
OeHcaynbiKKa Kayin, paduayusisibIKk Mymayusiap.

Haiiekce3 ywiH: [iocynos A., YalxyHycosa H., balibycuHosa A., Macabaesa M., AbeHosa M., [MusuHa /1., Opexos A,
Cmaunosa X., MykaHosa /., Jlenecbaes M., KucuHa P., Axmaduesa T., Anubaesa I"., Anbacosa C., A6dunbOuHosa I, N30eHoe
A, [ocvazambemosa P., lllabdapbaesa []. Cemeil eHipiHIeri pagunaumsanblk acep: ypnakapanblk Kayintep xoHe
po3umeTpuanblk Tacingep // Foinbim xaxe Jencaynbik. 2025. T.27 (3), b. 165-174. doi: 10.34689/SH.2025.27.3.019
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Introduction

The study of the medical consequences of radiation
exposure from the Semipalatinsk Nuclear Test Site (SNTS)
on the population of nearby regions has been ongoing for
more than 50 years, beginning with the narrative studies of
the consequences of nuclear tests aimed at assessing their
long-term impact on public health. However, there is still no
consensus on the long-term consequences of nuclear tests
for second- and third-generation individuals exposed to
ionizing radiation.

Some scientists associate the increased morbidity
among populations living near the SNTS with internal
radiation exposure [1]. Delayed effects of radiation
exposure have been identified, which may be transmitted
across generations and increase the frequency of
spontaneous mutations [2]. Studies confirm DNA damage in
individuals exposed to low doses of radiation, consistent
with cytogenetic research conducted in the region [3-6].
Additional data on the radiological effects of nuclear war,
presented in the British Institute of Radiology report "The
Radiological Effects of Nuclear War," indicate that long-term
exposure to ionizing radiation in populations may result not
only in genetic mutations but also in an increased incidence
of oncological diseases, impacts on reproductive health,
and reduced immune function [7]. These findings
underscore the need for further investigation into the effects
of radiation contamination in areas affected by nuclear
testing, such as the Semipalatinsk region.

Aim. To analyze existing data on the effects of radiation
exposure on the residents of the SNTS, including the
possibility of transgenerational mutation transmission. It
also involves a comparison of biodosimetry methods used
to evaluate the level of radiation exposure and its long-term
consequences.

Search strategy

This narrative literature review was conducted to
summarize and critically analyze existing studies on
radiation exposure and its potential transgenerational
effects among populations residing near the SNTS. To
ensure a structured and comprehensive approach,
elements of systematic selection were incorporated into the
review process.

Literature Search

Relevant literature was identified through searches in
PubMed, Scopus, and Web of Science databases. The
search covered studies published up to January 2025 using
the following key terms: “Semipalatinsk nuclear test site”,

‘radiation exposure”, “biodosimetry”, ‘“transgenerational
effects”, and ‘radiation-induced mutations”. No date or
language restrictions were applied at the search stage.

Study Selection and Data Extraction

A total of 74 records were initially retrieved. After
duplicate removal, 70 articles were screened based on title
and abstract. The full text of 45 articles was reviewed for
eligibility, and 39 publications were selected based on their
relevance to the objectives of this review.

Articles were included if they:

+ Focused on health risks or genetic effects associated
with radiation exposure in the Semipalatinsk region;

* Provided biodosimetric data (EPR, GPA, or FISH
methods);

+ Discussed potential transgenerational outcomes or
molecular effects.

Studies were excluded if they:

+ Focused solely on environmental or ecological
aspects without medical or genetic endpoints;

+ Lacked sufficient methodological detail;

« Did not include primary data or were non-peer-
reviewed sources.

The selection process is summarized in Figure 1.

Scope of Analysis

Extracted data were analyzed to compare biodosimetric
methodologies and their application to the Semipalatinsk
population. Additionally, findings on radiation-induced
mutations and possible transgenerational effects were
critically evaluated across included studies.

Biodosimetry Methods

Three key methods were used to assess radiation
exposure doses:

Electron Paramagnetic Resonance (EPR): A method for
retrospective dose analysis based on tooth enamel. Both
classical EPR analysis and in vivo L-band EPR (1.0-1.2
GHz) are utilized.

Glycophorin A (GPA) Assay: A method for detecting
somatic mutations in erythrocytes, enabling assessment of
radiation-induced cellular damage. Suitable for large-scale
screening but requires individual calibration.

Fluorescence In Situ Hybridization (FISH): A
cytogenetic method that identifies radiation-induced
chromosomal rearrangements. It allows evaluation of long-
term radiation effects even decades after exposure.

Each method has its own advantages and limitations
and is applied depending on the research objectives [8].

Records identified through database searching (PubMed, Scopus, Web of Science) n=74 I

J

| Records after duplicates remowved —n = 70 |

J

| Records screened by title and abstract — n = 70 l

5

| Records excluded based on title /abstract

J

n =25 ‘ .| excluded— n = zﬁ

| Full-text articles assessed for eligibility —n = 45 |

| Full-text articles excluded (irrelevant or insufficient data) —n - 6 |

-,| excluded—n = 9

J

| Studies included in qualitartive synthesis n=39 |

Figure 1. PRISMA flow diagram showing the selection process of studies included in the narrative review.
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Results

Assessment of radiation exposure doses is a critical
component of radiation biology and epidemiology. This
section presents the key biodosimetry methods (Figure 1).
Each biodosimetry method has its own characteristics and
limitations when studying the long-term effects of radiation.

Radiobiological studies of populations living near the

SNTS have identified statistically significant genetic and
cellular changes in individuals exposed to chronic low-dose
and acute radiation [9,10,11]. In this context, comparing
biodosimetry methods and their applicability for assessing
the consequences of radiation exposure in residents of
nearby regions is crucial (Table 1).

Methods for Assessing Radiation Exposure Dose

Cytokine & Oxidative Stress Markers

EPR Analgsis

FISH Analysis

Somjatic Mutation Analysis

PCR Analysis

Hematological Analysis

Micrenucleus Test

Chromosomal Aberration Analysis

Acute Exposure Assessment

Chronic Exposure Assessment
Figure 2. Key methods for assessing radiation exposure doses.
Table 1.
Comparison of biodosimetry methods for radiation exposure at the SNTS.
Method Applicability in the context of the SNTS Limitations
EPR Determination of accumulated dose, particularly in Requires tooth extraction; not suitable for
cases of acute exposure mass screening
GPA Detection of somatic mutations in exposed groups Sensitive to individual factors; requires
calibration

FISH Assessment of long-term genetic damage Requires precise dosimetric correlation, but is

the most informative

The EPR method revealed accumulated radiation doses
in residents of the region exposed to prolonged radionuclide
exposure. EPR-based studies indicated average cu-
mulative radiation doses ranging from 150 to 250 mSv,
which is comparable to the levels observed in Chernobyl
liquidators [12]. lonizing radiation induces the formation of
stable radicals in dental enamel in proportion to the dose
received, making EPR an effective tool for retrospective
biodosimetry, especially in cases of radiological
emergencies [13-15]. However, the method requires the
isolation of tooth enamel and is therefore unsuitable for
mass screening. Recent technological advances have
enabled in vivo EPR analysis in the L-band range (1.0-1.2
GHz), expanding its potential for rapid screening
applications [15-17].

lonizing radiation can cause mutations in human cells,
which are associated with the development of cancer. To
reliably and rapidly detect such mutations, the GPA was
developed. It was first employed at the Lawrence Livermore
National Laboratory (USA) to assess cellular damage
resulting from radiation exposure. The GPA method plays a

key role in biodosimetry, allowing for the fast and efficient
detection of radiationinduced genetic damage.

Studies have shown that GPA correlates well with
physically derived dose estimates [18,19]. The method
recorded a 1.5-1.8-fold increase in the frequency of
somatic mutations [9]. Due to the simplicity and speed of
blood sample analysis, GPA is an effective tool for
assessing genotoxic radiation exposure in large populations
[20,21]. However, the results remain inconsistent, as similar
studies conducted in Japan did not identify significant
changes in the offspring of atomic bomb survivors [11].
Additional research, including work by Tawn et al., supports
the usefulness of GPA for biodosimetry in radiation
emergency scenarios [22]. Furthermore, data from Sram et
al. demonstrate the successful application of GPA under
conditions of chronic low-level exposure to air pollution,
highlighting the method’s versatility [23].

The GPA, present on the surface of erythrocytes, exists
in two forms corresponding to the M and N blood groups
and is associated with a gene located on chromosome 4q.
Flow cytometry using fluorescent monoclonal antibodies is
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employed to detect somatic mutations. The frequency of
cells with a loss of the GPA allele reflects the level of
radiation exposure: the higher the frequency, the higher the
cumulative dose. This method is particularly useful for
assessing acute radiation exposure; however, its
application in cases of chronic exposure is limited due to
the complexity of accounting for accumulated effects.
Nevertheless, GPA remains an important tool for the
individualized  assessment of radiation  exposure
consequences [24,25].

The FISH with chromosome staining is used for
retrospective dosimetry, even long after radiation exposure
[26]. In radiation cytogenetics, chromosomal translocations
are considered a key biological dosimeter for estimating
radiation doses [27].

Studies by Dubrov Yu.E. (2002) and Takeichi N. (2006)
confirmed an increased frequency of mutations in
individuals exposed to radiation, suggesting the possibility
of transgenerational transmission of radiation-induced
changes [9,28]. FISH analysis has demonstrated high
sensitivity to radiation-induced chromosomal
rearrangements in exposed populations. According to
Salomaa et al. (2002), the level of chromosomal
translocations in residents of areas adjacent to the
Semipalatinsk Test Site corresponded to doses of
approximately 180 mSv [10]. This is comparable to findings
from studies on Chernobyl liquidators and individuals
affected by nuclear testing on the Marshall Islands [29]

Transgenerational effects in populations exposed to
radiation

Studies on the impact of radiation from the
Semipalatinsk Test Site (STS) on second and third
generations remain inconclusive. An analysis of mutations
in the offspring of exposed residents revealed an increased
level of genetic instability [10]. However, similar studies
conducted in Japan [11] did not find significant radiation-
induced mutations in the descendants of individuals
exposed to ionizing radiation, suggesting the possible
influence of other factors such as background mutations or
differences in radiation dose. Nevertheless, Japanese
researchers continue to pursue investigations in this area
[36-38].

Epigenetic studies have identified altered gene
expression in the descendants of radiation-exposed
individuals, indicating potential radiation effects at the level
of genome regulation [26]. Research on the offspring of
Chernobyl cleanup workers has also produced mixed
results—some studies confirm the presence of mutations,
while others do not [19,22,30,34,35]. This further
emphasizes the need for longitudinal studies utilizing
nextgeneration sequencing (NGS).

Thus, current data indicate that the FISH and GPA
methods are the most informative for assessing the effects
of radiation exposure among populations near the STS.
However, evidence of transgenerational effects remains
contradictory and calls for additional molecular genetic
research, including NGS and epigenetic analysis.

Discussion

Radiobiological consequences for the population of the
Semipalatinsk region

The SNTS was the site of 456 nuclear explosions
conducted between 1949 and 1989. These tests led to
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significant environmental radioactive contamination and
long-term exposure of the local population to low-dose
ionizing radiation. Research confirms that residents of the
region were subjected to both acute and chronic radiation
exposure, which has manifested in increased frequencies of
both somatic and hereditary mutations [9,10,27].

Various biodosimetry methods are employed to assess
these consequences, with the most widely used being the
EPR, GPA and FISH methods. Each method has its own
advantages and specific applications.

The EPR allows for retrospective assessment of
accumulated radiation doses. For example, studies by
Tolstykh et al. (2000) indicated that the average dose,
calculated from the dental enamel of residents of East
Kazakhstan, ranged from 150 to 250 mSv, comparable to
doses received by Chernobyl liquidators [12]. However,
widespread application of this method is limited due to the
scarce availability of the required biological material (teeth).

The GPA assay enables the assessment of somatic
mutation frequency. Several studies have reported a 1.5
1.8-fold increase in mutation frequency among residents of
the Semipalatinsk region compared to control groups [9].
Nonetheless, other studies have not consistently confirmed
this trend, which may be attributed to individual population
characteristics and differences in radiation doses [28].

The FISH is considered the most precise method for
studying the long-term effects of radiation. According to
Salomaa et al. (2002), the frequency of stable chromosomal
aberrations (translocations) in residents of East Kazakhstan
significantly exceeded control values and corresponded to
doses of approximately 180 mSv [10]. These results are
consistent with findings from studies of Chernobyl
liquidators and atomic bomb survivors in Japan [27],
confirming the high sensitivity of the method to chronic
exposure and the reliability of FISH for retrospective dose
estimation and analysis of long-term genetic effects of
radiation. Its application, particularly when combined with
other cytogenetic and molecular-genetic techniques, allows
for a more accurate assessment of both individual and
population level radiation risks.

Each of the biodosimetry methods discussed has its
own value. EPR is suitable for ret-rospective dose
assessment but is limited by the availability of biological
material. The GPA assay helps detect somatic mutations,
although results are sometimes inconclusive. FISH, in turn,
provides high accuracy in studying the delayed effects of
radiation exposure but requires calibration to account for
the conditions of chronic exposure.

Transgenerational Effects in the Context of the SNTS

One of the key unresolved questions is the possibility of
transmitting radiationinduced mutations to the descendants
of populations exposed to radiation in areas surrounding the
SNTS. Studies investigating this phenomenon have
produced inconsistent results.

For instance, Dubrov (2002) reported a significant
increase in mutation frequency among the children of
iradiated parents living in areas contaminated by
radionuclide fallout [9]. In contrast, a similar study by
Cologne et al. (2022) found no statistically significant
differences in the offspring of atomic bomb survivors in
Japan, raising doubts about the universality of this
phenomenon [28].
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The situation concerning the descendants of Chernobyl
residents also remains controversial. While some studies
confirm the heritability of radiation-induced mutations [9],
others [22] do not find significant changes, and more recent
whole-genome sequencing research [31, 32] has not
detected a statistically significant increase in the number of
de novo mutations among the offspring of exposed
individuals. These discrepancies may be due to differences
in radiation doses and exposure conditions and highlight the
need for further investigation.

An additional perspective is provided by the analysis of
epigenetic changes. Studies of populations residing in

Critical analysis of contradictions.

radiation-contaminated areas, including Fukushima, have
revealed gene expression modifications that may be linked
to radiation exposure. This suggests that even in the
absence of structural DNA changes, radiation may affect
future generations through epigenetic mechanisms [24].

Despite  numerous investigations, the data on
transgenerational effects of radiation remain contradictory.
A comparative analysis of three key regions SNTS,
Chernobyl, and Japan shows variation in outcomes (Table
2). These differences can be attributed to the diversity of
radiation  doses, population  characteristics, and
methodological variations across studies.

Table 2.

Region Confirmed mutations Negative findings Research characteristics
SNTS Dubrov (2002): increased mutation  Several studies found no Chronic exposure; limited
frequency in descendants mutations in the second sample sizes
generation
Chernobyl Jensen et al. (1995): increase in Bebeshko et al.: no statistically Methodological and
GPA mutations significant effects dosimetric
inconsistencies
Japan Kyoizumi et al. (1987): isolated Cologne et al. (2022): no Background mutations

mutations in A-bomb survivors

mutations in offspring

and relatively lower
radiation doses

The data obtained do not provide a definitive answer
regarding the transgenerational effects of radiation
exposure in the context of the SNTS. To more accurately
assess the impact of radiation on heritable changes, further
molecular-genetic studies are needed, including next-
generation sequencing (NGS) and epigenetic analysis.

Despite significant progress in the field of biodosimetry,
the present study has revealed several limitations. First,
many studies rely on retrospective radiation dose
assessments, which introduce uncertainties due to limited
access to historical data and individual variability in
radiosensitivity. Second, biodosimetric methods such as
FISH and GPA analysis are effective at detecting
chromosomal aberrations but do not fully capture epi-
genetic changes or the long-term hbiological effects of
radiation that extend beyond direct DNA damage. Third,
studies on transgenerational effects remain inconclusive, as
most of the available data are derived from small samples
and lack long-term follow-up. Finally, methodological
differences across studies hinder comparative analysis and
metaanalytical approaches, underscoring the need for
standardization of research protocols and continued
molecular-genetic investigation.

Thus, a comparative analysis of biodosimetry methods
indicates that FISH and GPA are currently the most reliable
for assessing radiation exposure in SNTS-affected
populations. However, further calibration is required,
particularly considering chronic exposure scenarios. The
question of heritable mutations remains contentious, as
existing studies yield conflicting results. This highlights the
necessity of longitudinal monitoring and molecular-genetic
analysis to identify potential long-term effects of radiation
exposure on the second and third generations, given that
the long-term health consequences of radiation exposure
are well-documented [33, 39].

It is recommended to integrate advanced technologies
such as NGS and epigenetic approaches to improve the
accuracy of transgenerational effect assessments.
Additionally, the development of preventive health programs
for populations living in radiationaffected areas is crucial.

Limitations:

1. Lack of standardized
complicates data comparison.

2. Insufficient long-term cohort studies of second and
third generations.

3. Small sample sizes
Chernobyl-related studies.

4. Limited data on epigenetic effects and their
underlying mechanisms.

Conclusion

The territories of the Abay Region adjacent to the
former SNTS remain areas of elevated radiological risk. A
significant portion of the population exposed to ionizing
radiation during nuclear testing, as well as their second-
and third-generation descendants, continue to reside in
these regions.

Contemporary research confirms the potential for
transgenerational effects of ionizing radiation, necessitating
further investigation into the mechanisms of radiation-
induced mutations and their health implications. The
advancement and refinement of biodosimetry methods
including FISH analysis, cytogenetic and molecular-genetic
approaches, as well as mathematical modeling of radiation
doses—offer promising opportunities for the assessment of
both individual and population evel risks.

One of the key mechanisms proposed to explain
transgenerational effects is radiationinduced genomic
instability (RIGI), whereby numerous non-clonal genetic
alterations occur in the descendants of irradiated cells. This
phenomenon has been observed across various species,

dosimetric  protocols

in several SNTS and
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including humans, and may persist across multiple gen-
erations, thereby increasing the risk of oncological and
other diseases.

Biodosimetric methods, such as the analysis of
chromosomal aberrations in peripheral blood lymphocytes -
including dicentrics and micronuclei - as well as FISH
analysis, enable quantitative assessment of radiation dose
and identification of radiation-induced genetic damage.
These techniques are especially relevant in the absence of
physical dosimetry data and in cases of chronic or low-dose
exposure.

Moreover, studies have demonstrated that ionizing
radiation can induce epigenetic changes such as DNA
methylation that may also be transmitted to offspring and
impact their health. Thus, the integration of cytogenetic,
molecular-genetic, and epigenetic approaches into
biodosimetry, combined with mathematical modeling,
represents a promising direction for the more precise
evaluation of radiation-related risks and the development of
effective public health protection strategies.

Further investigation of radiation risk among second-
and third-generation individuals is a critical area of research
in radiation medicine and epidemiology. Such efforts will not
only enhance our understanding of the long-term
consequences of ionizing radiation but also contribute to the
development of targeted preventive measures and medical
monitoring for affected populations. Particular emphasis
should be placed on a comprehensive approach that
includes molecular-genetic, epigenetic, and bioinformatic
methods of analysis.
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