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Abstract

The study is aimed to analyze the death causes of the population exposed to prolonged ionized radiation due to living
near the Semipalatinsk nuclear test site.

Materials and methods of the study. The initial information for creating the cohort was the data of the study
implemented in 1998-2002 with 3539 randomly selected individuals affected by the Semipalatinsk Nuclear Test Site. For
each cohort member having the vital status “Dead” the date and cause of the death are verified.

Results. The studied cohort included 50.6% men and 49.4% women. The main causes of death of residents of villages
exposed to prolonged exposure to ionizing radiation were diseases of the circulatory system - 54.7%; neoplasms - 20.7%;
respiratory diseases - 7.1%. Life expectancy was higher in women than in men, however, did not differ depending on
nationality, and differed statistically significantly depending on the area of residence. The frequency of circulatory system
diseases as a cause of death was higher in residents of areas with extreme, maximum and increased radiation risk
compared to residents of areas of minimum radiation risk.

Our research demonstrates the need of further study of the correlation of mortality and diseases of circulation system
and cancer and prolonged exposure to radiation as a result of living near Semipalatinsk Nuclear Test Site.
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Uenb. Hactoswee wuccnefoBaHWe HanpaBneHO Ha aHanu3 MpUYWH  CMEPTM  HaceneHws, nogsepriierocs
MPOOHTMPOBAHHOMY BO3LENCTBUIO WOHM3UPYIOLLErO W3NyYeHUst BCMEeACTBME NpOXuBaHWs BONM3au CemunanaTuHCKOro
UCNbITATENbHOrO AAEPHOr0 NOSMIoHa.

Matepuansi n metoabl uccnegoBaHus. VcxoaHol uHopmaumen ans opMUPOBaHUS KOropTbl MOCMYXUNU AaHHbIE
nccnepoBanus, nposegeHHoro B 1998-2002 rr., roe mpuHano yvactve 3539 nuu, BbIGPaHHbIX METOAOM «CIy4anHOro
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Hayka u 3apaBooxpanenue, 2024 T.26. (4) OpuruHajbHoe uccjiei0BaHue

oTbopay, 13 u1cna cryyaiiHo O0ToBpaHHbIX ML, NOCTpagaBLUMX B pesynbTate AestensHoctn CUAM. [ns kaxporo uneHa
KOropThl, UIMEIOLLETO XM3HEHHBIN CTaTyC «YMep», BepuduLMpoBaHa fata 1 npuuuHa cMepTy.

PesynbTatbl. Wccnegyemas koropta Ha 50,6% coctout n3 myxunH u 49,4% u3 xeHwmH. OCHOBHbIMW MpUYMHAMK
CMEpPTU KUTenen Ccen, MOABEPrUNXCS NPONMOHMMPOBAHHOMY BO3AEUCTBUIO WOHM3MPYIOLLETO WU3MYYEHWUS MOXKHO OTHECTH
Bonesnn cuctembl kpoBoobpaiieHus — 54,7%; HoBoobpasoBaHusi — 20,7%; OGonesuu opraHoB AbixaHus — 7,1%.;
Wccnenyemas koropta Ha 50,6% coctout u3 myxunH n 49,4% 13 XeHWwwuH. poJomKUTENbHOCTb XW3HM Obina Bbile Y
KEHLLMH, YEM Y MYXYWH, HE OTIM4anacb B 3aBUCUMOCTM OT HALMOHAmNbHOW NPUHAANEXHOCTU, U CTAaTUCTUYECKM 3HAYMMO
pasnuyanacb y nuu, B 3aBUCUMOCTW OT 30HbI NpOXUBaHUS. YacToTa GonesHei cucTeMbl KpOBOODPALLEHMSs, Kak NpuiMHa
CMEpPTU, 3HAYUTEMbHO Bbille Y NUL, NPOXWBABLIMX B paloHax C Ype3BblYailHbIM, MAaKCUMarlbHbIM U MOBbILIEHHBIM
pagmaLmoHHbIM puckom (p = 0,02) B cpaBHEHUM C IULaMK, NPOXMBABLUMMM B 30HE MUHUMAIBHOMO PaAMaLIMOHHOIO pucka.

BbiBoa. Hawe nccregoeaHue nokasbiBaeT HEOOXOAMMOCTb [JaNbHEMILETO U3yYeHWs CBA3N MEXOY CMEPTHOCTHIO OT
BonesHeil cuctembl KpOBOOOPALLEHUS M 3MOKAYECTBEHHbIX HOBOODPA30BaHWi C ANUTENbHbIM BO3LENCTBUEM pagvaLimi B
pesynbTaTe NpoxueaHus B6nuau CemmnnanaTuHcKoro SAepHOro NonMroHa.

Knioueeble cnoea: CemunanamuHckull UcnbimamesnbHbil A0epHbIU NOMU20H, 30HbI paduayUOHHO20 pucKa,
CMEPMHOCMb, NPUYUHBI CMEPMLU.
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1 Papguaumsanbik MeguumHa xaHe dkonorusa Feinbimu 3eptrey UHcTUTyThl KeAK «Cement MmeguumHa
yHMBepCMTeT» Cewmen K., Kazaxctan Pecny6nukacsbi;

fbInbiMU-3epTTey 3epTxaHacbiHbIH opTanbifbl KeAK «Cemeit meguuuHa yHuBepcutet» Cemen K.,
KasaxctaH Pecnybnukacsl;

Byn 3epTTey xanbIKTbIH enimiHiH, cebenTepiH Tangayra 6arbiTtanfaH, Cemei 8ApOnbIK ChIHAK MOMMIOHbIHBIH, XaHbIHAa
TYpbIN MOHZAYLILI COYNeneHy i y3aK acep eTyiHe yllblparaHiap.

3epTTey maTepuangapbl MeH agicTtepi. KoropTTbl KanbinTactbipy ywiH 6acTtanksl aknapar 1998-2002 bingapbl
XyPprisinreH 3epTTey aepekTepi Gongbl, oHaa "ke3gencok ipiktey" ogiciveH TanganFaH 3539 agam CUAN KblaMeTiHIH
HOTWXeCIHAE 3apaan LeKKeH Ke3nencok TaHAanFaH agamaap apacbiHaH KaTbiCTbl. "KanTbic GonFaH" emipnik mapTebeci
Bap koropTTbIH apbip MyLLeci yLiH eniMHiH, kyHi MeH cebebi Tekcepinesi.

Hatnxenep. 3eptrenertiH koropt 50,6% ep apampap meH 49,4% ovien agamaap 6ongbl. MoHgaywibl cayneneHyaiH
y3aK ocepiHe YLblparaH ayblil TYPFbIHAAPbIHBIH, ©niMiHiH Heriari cebenTtepiHe KaH aiHambIMbl XyWeCiHiH aypynapbl —
54,7%; icikrep— 20,7%; TbiHbIC any opraHgapbiHbiH, aypynapbl — 7,1%.; 3eptTenetiH koropT 50,6% epkekTepaeH xoHe
49,4% onenpepaeH Typabl. OenaepmiH, emip cypy Y3aKTbiFbl XoFapbl 60nAbl, YATTLIK TUECINiNif epekweneHbesi xaHe
TYPFBINLIKTLI XepiHe 6alinaHbICThl agamaap apacbliHaa cTaTUCTUKaNbIK TYPFblaaH anTapnbiKTai esrepai. ©nivMHiH, cebebi
peTiHde KaH alHanbIMbl XyWeci aypynapblHblH, Xuiniri eH TeMeHri paguauusanblk Toyeken aWMarblHAa TypaTbiH
ajamaapMeH canbiCTbipFaHa TeTeHLUE, eH, KOoFapbl XaHe XOoFapbl paanauusnbik Tayekeni 6ap aynanpapaa (p = 0,02)
TYpaTbIH XanblKTa aiTapnbiKTan xorapsl 6onasi.

KopbITbiHAbI. Bi3giH 3epTtTeyiMiz CeMeln AponbIK NOMUIOHbIHBIH, MaHbIHAA TYPY HOTWXECIHAE paauauusiHbiH, y3aK
acep eTyiMeH KaH aiHanbiMbl XYWMeci aypynapblHaH 6onaTbiH enimM-xiTiM MeH KaTepii icikTep apacbiHaarbl bainaHbICTbl
OfiaH api 3epaeney KaxeTTiriH kepceTesi.

T ce3dep: Cemeli s0ponbIK CbiHaK NOMUROHBI, paduauusnbik Kayin alimakmap, enim, eniv cebenmepi.
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Introduction

The radiation legacy of the Semipalatinsk Nuclear Test
Site (SNTS) is not only the residual radioactive
contamination of its test sites and environmental objects,
but also the consequences of exposure of the population
living in the areas of radioactive fallout. The territory of the
SNTS partially takes the area of Abay, East Kazakhstan,
Pavlodar and Karaganda regions of the Republic of
Kazakhstan. The total area is 18500 square kilometers, the
perimeter is about 600 km. From 1949 to 1963 (the main
dose-forming period), 118 atmospheric nuclear tests were
conducted at the SNTS: 25 - nuclear tests in the form of
ground nuclear explosions, 5 — prepared, but unperformed
ground nuclear explosions; 88 - air nuclear explosions.

The amounts and manifestations of the remote effects
of ionizing radiation depend both on the dose and nature of
irradiation and on the sensitivity of tissues, organs and
organ systems to the effects of ionizing radiation. It is
known that tissues, organs and organ systems that are
more sensitive to radiation realize the effects of irradiation
earlier. However, recovery of disordered functions cannot
be determined by the same correlation, especially in cases
when irradiation is repeated, when acute irradiation is
combined with chronic irradiation [1-2,4].

A number of research studies carried out at the
Research Institute of Radiation Medicine and Ecology, as
well as scientific publications by domestic and foreign
scientists based on the results of scientific research in the
field of radiation medicine [6,9,7,5,8] are devoted to the
issues of medical consequences for the population exposed
to excessive ionizing radiation.

The analysis of the nature of changes in mortality rates
allowed to record their significant excess among the main
groups compared to the control groups, both in terms of
total mortality rates and individual classes of diseases as
causes of death. The average annual rate of total mortality
among the exposed population at a dose of 20 centi-Sievert
and more was significantly higher than in the control group
and ranged from 1915.6-1938.4 cases per 100,000
population, while in the control group it was 1109.2-1902.7
cases. The average annual relative risk was 1.74. The
highest radiogenic risks are registered for cancer (1.87),
diseases of the circulatory system (1.86) and diseases of
the respiratory system (1.93). Lung and bronchial cancer
(27.6%), breast cancer in women (20.5%), cancer of the
gastrointestinal tract (15.2%), cancer of the eye, brain
(8.2%), lymphoid and hematopoietic tissues (9.5%)
prevailed in the structure of cancer mortality of individuals
exposed to radiation. The share and level of mortality rates
from cancer (except for cancer of gastrointestinal tract
organs) were significantly higher by 1.7-2.3 times among
the exposed population compared to the control group. The
obtained results indicated a significant excess of mortality
rates from circulatory system diseases in the main group
and the comparison group, both for the total index and for
individual classes of the most frequently registered
diseases as causes of death [8-9,11]. These data indicate
that even 50 years after the beginning of irradiation in
persons with the established level of effective equivalent
dose of 20 centi-Sievert and higher there is no decrease in
radiation effects of ionizing radiation due to natural
temporary dose reduction. The presence of effects in the
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form of non-cancer diseases in groups of offspring born
from irradiated parents has also been shown, which, in turn,
requires appropriate evidence (indication of pathogenetic
mechanisms) of the possibility of inheritance of stochastic
effects of ionizing radiation of parents by their offspring
[12,13].

Thus, a limited literature sources on main causes of
death of population overexposed to ionized radiation is
available. Therefore, the assessment of causes of death
among individuals exposed to prolonged radiation as a
result of living near the Semipalatinsk nuclear test site is of
interest to the scientific community and practical health
care.

Purpose of the study. Assessment of the death
causes in residents of villages exposed to prolonged
ionized radiation due to living near Semipalatinsk Nuclear
Test Site.

Materials and methods of the study

The initial information for the creating of the study
cohort was based on the data of the project implemented in
1998-2002 to study the state of the thyroid gland in
residents living in the territories exposed to prolonged
exposure to ionizing radiation as a result of living near
Semipalatinsk Nuclear Test Site [14]. A total of 3539 people
were included in the study. In 1998, 3009 people living in
the territories of Abay (Karaul and Sarzhal villages),
Beskaragay (Beskaragai, Dolon and Kanonerka villages),
Borodulikha (Korosteli and Novopokrovka villages) districts
and on the territory of Semey municipal administration
(Kainar village) were examined. From 1999 to 2002, 530
people living in the territories of Abay (Sarzhal village),
Beskaragay (Dolon village), Kokpekty (Kokpekty village)
districts and on the territory of Semey municipal
administration (Kainar and Socialistik villages, Semey city)
were examined. Division by areas of radiation risk was
performed according to the law of the Republic of
Kazakhstan dated December 18, 1992 N 1787-XIl “On
social protection of citizens affected by nuclear tests at the
Semipalatinsk nuclear test site”.

At the first stage of creating the study cohort, cohort
members were randomly selected from the State Scientific
Automated Medical Register (SSAMR) of people affected
by Semipalatinsk nuclear test site.

The registry contains information on each study
participant including passport data, radiation route, vital
status, education, job, availability and numbers of official
documents, as well as medical information and, in case of
death, the cause of death. Each participant included in the
registry is assigned an individual number allowing access to
all information available.

The selection of the cohort for studying the causes of death
of residents of villages exposed to prolonged ionizing radiation
as a result of living near Semipalatinsk Nuclear Test Site was
based on the data for 1998-2002. General information was
used as input parameters: surame (in rare cases first name);
date of birth; sex; place where the study was conducted; the
most radioactively contaminated place of residence (in all
cases coincides with the place of the study).

When the identification of persons who underwent the
study in 1998-2002 was carried out using the SSAMR
database, 299 duplicate records (4 for 1998 and 295 for 1999-
2002) were found out of 3539 persons. Thus, at the cohort
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creation stage of this study, the final number of individuals
totaled 3,240, of which those with a vital status of “Dead”
totaled 1,945. For each member of the cohort with a “Dead”
vital status, the date and cause of death was verified.

For confidentiality purposes, each cohort member is
assigned a unique identification number that corresponds to
the registration card number of a person exposed to
radiation as a result of Semipalatinsk Nuclear Test Site
activities in the SSAMR database.

Informing the study participants on the aims and tasks
of the questionnaire and data collection, as well as their
rights during study participation were signed by each
participant of the project “Study Participant Information
Sheet’ and “Informed Consent on Study Participation”
during individual survey of cohort members (1998-2002).

Statistical analysis was implemented using SPSS version
20 (IBM Corp.) and SNPStat version 2.2.1. All variables were
tested for normality of distribution by the Kolmogorov-Smirnov
statistical criterion. The nonparametric Kraskell-Wallace H-
criterion was used for more than two groups.

Results

The total number of study cohort in the period 1998-
2002 amounted to 3240 people. The largest number of
study participants lived in the territory of the area of
maximum radiation risk - 2390, which is 67.6% of the total
number of those studied (Beskaragay, Kanonerka, Karaul,
Novopokrovka and Socialistik villages). In the territory of
extreme radiation risk 595 people (16.8% of the total
number of surveys) were sampled (Dolon village and
Sarzhal village), in the territory of increased radiation risk -
471 (13.3%) (Korosteli and Semey villages), and in the
territory of minimal radiation risk - 83 people (2.3%)
(Kokpekty village).
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As of April 2024, 1099 members of the cohort were
alive, 1945 people died, 192 people moved out of the study
area, and 4 people have unknown vital status.

The places with residents having the vital status “Dead”
are presented in Table 1.

Table 1.
Places of the cohort with the vital status «Dead».

Ne | District/ village AbS(zLu:t?;:é?ber’ %
Abay district

1.1 |Karaul 352 18,1

1.2 |Sarzhal 130 6,68
Beskaragay district

2.1 |Beskaragay 125 6,43

2.2 |Dolon 113 5,81

2.3 |Kanonerka 238 12,23

3 |Borodylikha district

3.1 |Korosteli 293 15,06

3.2 |Novopokrovka 379 19,49

4 |Kokpekty district

4.1 |Kokpekty | 19 | 098

5 |Semey municipal administration

5.1 |Kaynar 277 14,24

5.2 |Semey 13 0,67

5.3 |Socialistic 6 0,31

The distribution of members of the study cohort with the
vital status “Dead” by gender and nationality was analyzed (Fig.
1). The study cohort consists of 50.6% men and 49.4%
women. The median age at the time of death in the entire study
cohort was Me (Q1-Q3) = 71 (64-76), with a minimum of 22
years and a maximum of 93 years, among men Me = 69 years
and women Me = 72 years. The mean age at death in the
study cohort did not differ significantly by ethnicity (p = 0.1).
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Figure 1. Demographic indicators of the cohort with the vital status «Dead».
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Two main ethnic groups with different lifestyles and diets
can be distinguished in the study cohort: the first includes
Kazakhs and Tatars (57.7%), the second includes Russians,
Ukrainians, Germans and other nationalities (42.3%).

Death causes were grouped according to the
international classification of diseases ICD-10. The main
death causes of the villages residents exposed to prolonged
ionizing radiation are diseases of circulatory system —
54.7%, neoplasms — 20.7%, respiratory system diseases —
7.1% (Fig.2).

Symptoms, signs and abnormalities revealed by clinical
and laboratory tests, not classified under other headings,
accounted for only 5.7% of all causes of death, diseases of
the nervous system - 2.8%; diseases of the digestive
organs - 2.6%; injuries - 1.9%; other causes - 4.6% (Fig. 2).

Life expectancy statistically significantly differed
depending on the area of residence (p = 0.04), however, it
should be noted that the number of residents with the vital
status “Dead” in the area of extreme radiation risk is 12.5%,
maximum - 70.7%, increased - 33% and minimum - 1%.
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Figure 2. Main causes of death in residents of study areas.

Circulatory system diseases as a death cause were
more common in residents of extreme, maximum and

increased radiation risk areas in comparison to residents
living in areas of minimum radiation risk (table 2).

Table 2.
Distribution of death causes according to radiation risk areas.
Death cause Area of extreme | Area of maximum | Area of increased | Area of minimum | Total,
radiation risk, % | radiation risk, % radiation risk, % | radiation risk, % %
Circulatory system diseases 62.2 59.6 59.4 31.3 59.7
Neoplasms 215 233 18.8 43.7 226
Respiratory diseases 7.4 7.0 11.3 12.5 7.8
Diseases of digestive system 3.0 3.2 1.1 0 2.8
Diseases of the nervous system 2.5 2.8 4.1 0 3.0
Endocrine disorder 1.3 2.0 3.4 6.2 2.1
Traumas 2.2 2.0 1.9 6.2 2.1
Total, % 100.0 100.0 100.0 100.0 100.0

contrast to residents of extreme (Dolon and Sarzhal
villages), maximum (Beskaragay, Kanonerka, Karaul,
Novopokrovka and Socialistic villages) and increased
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Neoplasms, respiratory diseases and traumas as
causes of death were more common in residents of
areas of minimum radiation risk (Kokpekty village) in
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(Korosteli village and Semey municipal administration)
radiation risk (Table 2).

Discussion

According to the official data of the Bureau of
National Statistics of the Agency for Strategic Planning
and Reforms of the Republic of Kazakhstan the main
causes of death of residents of the Republic of
Kazakhstan in 2022 are diseases of the circulatory
system - 22.7%, neoplasms - 10.4%, diseases of
respiratory system - 9.8%, accidents, poisonings and
injuries - 8.4% and diseases of digestive organs - 8.0%
(https://stat.gov.kz/en/). The main causes of death
globally include cardiovascular (ischemic heart disease,
stroke) and respiratory diseases (chronic obstructive
pulmonary disease, lower respiratory tract infections) [3].

According to the results of the study, in the study
cohort exposed to radiation as a result of Semipalatinsk
Nuclear Test Site tests, diseases of the circulatory
system - 59.7%, neoplasms - 22.6%, respiratory
diseases - 7.7%, digestive diseases - 2.1%, poisoning
and traumas - 2.1% - also take the first place. The
frequency of such causes of death as diseases of the
circulatory system and neoplasms was higher among
residents of villages exposed to prolonged exposure to
ionizing radiation compared to the national average.
Conversely, the frequency of such causes of death as
diseases of respiratory organs, digestion, poisoning and
traumas in residents of the studied villages was lower
than the national average.

lonizing radiation is known to increase the risk of
cancer, but there are also studies in the literature that
show an increased risk of cardiovascular disease and
stroke in patients who have undergone high-dose
radiation therapy for Hodgkin's disease, breast cancer,
and peptic ulcer disease [16]. In a study conducted in a
cohort of atomic bomb survivors, the Radiation Effects
Research Foundation found a statistically significant
increase in the risk of cardiovascular disease, stroke,
digestive and respiratory diseases [17]. The association
between mortality from circulatory system diseases and
low and moderate doses of ionizing radiation is also
confirmed by a number of authors [17,18].

Conclusion

To summarize, it can be said that the main causes of
death of residents of villages that were exposed to
prolonged ionizing radiation due to living near the
Semipalatinsk nuclear test site are diseases of the
circulatory system, cancer and respiratory diseases. These
results correspond to the main causes of mortality
throughout Kazakhstan, but exceed the average values for
the country as a whole. Thus, our paper still shows the
importance of further study of the relationship between
prolonged exposure to ionizing radiation as a result of living
near the Semipalatinsk nuclear test site and the risk of
mortality from cardiovascular diseases and cancer.
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