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Abstract

Introduction. A modern tool for long-term monitoring of public health, early detection and correction of pathological
conditions is the database of the State Scientific Automated Medical Register of Persons Affected by Nuclear Weapons tests
at the Semipalatinsk test site.

Materials and methods. Legal and medical documents are used to replenish the register's database. Methods used:
study and copying of registration, dosimetric and medical information from primary documents, screening studies, population
surveys. The register also serves as a mechanism for assessing individual radiation dose.

Results. Currently, the register has personal registration, medical and dosimetric data on 375,253 people, both those
exposed to radiation and their descendants, who are represented by: 241,729 people who currently have the vital status of
"alive", and 133,524 people with a mortality sub-register.

Conclusion. The register, which is maintained by the Research Institute of Radiation Medicine and Ecology of the
NCJSC «Semey Medical University» is a unique database that includes information about all generations of the exposed
population, allowing for scientific and clinical research of various fields, and is a valuable resource for further study of the
effects of low doses and low levels of radiation on health.
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BeepeHne. CoBpeMEHHbIM MHCTPYMEHTOM 711 NPOBEAEHUS! [OMTOBPEMEHHOTO MOHMTOPUHTA COCTOSIHUS 3L40POBbS
HacemneHnsl, paHHEro BbISIBMEHUS U KOPPEKUMW MaTOMNOTMYECcKMX COCTOSIHUIA sBnseTcs 6asa AaHHbIX [ocymapCTBEHHOTO
Hay4YHOro aBTOMAaTWU3MPOBAHHOTO MEAWLMHCKOrO peructpa nuu, NOCTpajaBLUMX NPW MCMbITAaHWUAX SAEPHOTO OpYXMs Ha
CemnnanaTMHCKOM MOMUTOHe.

Matepuanbl U MmeTogbl. [N nononHeHWst 6asbl JaHHbIX PerucTpa WCMonb3ylTes pUANYECKME M MEeSNLMHCKIe
LOKyMEHTbI. Mcnonb3yemble MeToAbl: M3yYeHWe W BbIKOMMPOBKA PETUCTPALMOHHON, [O3MMETPUYECKOA N MEOULMHCKON
WHOPMaLMM 13 MEPBUYHBIX [OKYMEHTOB, CKPUHWHIOBLIE WCCNELOBAHWs, ONPOCHI HaceneHus.. Peructp Takxe CRyxut
MexaH13MOM A7151 OLIeHKM MHAMBMAYarbHOW 403kl 00MyYeHus.

PesynbTatbl. B HacTosiliee Bpems peructp pacrnofiaraeT MepcoHanbHbIMU PErUCTPALMOHHBIMU, MEOULMHCKAMA W
[03UMETPUYECKMMN AaHHBIMKM Ha 375 253 YernoBeka, Kak NOABEPLUMXCS PagnaLMoOHHOMY BO3AENCTBUIO, TaK 1 MX NOTOMKOB,
KOTOpble MPEACTaBMEHbI: NULAMKU, UMEILWMMU B HACTOSILLEE BPEMS XM3HEHHbI CTaTyc «kuB» — 241 729 yenosek,
noapernctp cmeptHocTu — 133 524 yenoseka.

3akntouenue. Peructp, kotopbiM pacnonaraet HAWM PMu3 HAO «MYC» — 370 yHuKanbHast 6as3a AaHHbIX, BKIKOYaKLas
nHopmaumio 060 BCex MOKOMEeHUsIX 0BMyyaBLLErocs HaCeneHus, Mo3BOMALAsS MPOBOAUTb Hay4Hble M KIMHUYECKME
nccrefoBaHus Pas3HOM HampaBNEHHOCTW, MPEACTaBMAWLAs LEHHbIA PECYpC ANS OanbHEWLIero M3yyeHust BO3AEHCTBMS
HU3KWX 403 U HU3KWX YPOBHEN 0BNy4eHNs Ha 340POBbLE.

Knroyeenie cnoea: KazaxcmaH, ucnbimaHus i06pHO20 OPYXUSi, UOHUSUPYIOWEe U3flydeHue, enusHue Ha 300posbe,
peaucmp HaceneHusl.
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TywiHaeme
CEMEM CbIHAK MOJIUIrOHbIHbIH AMHANACbBIHAA TYPATbIH
XANbIKTbI TIPKEY: MOHOAYLUbI CoYINENNEHYAQIH TOMEH
AO3AJNIAPbIHbIH 9CEPIH 3EPTTEY YWWIH MAHbI3AObI KYPAJ
Canpgyraw E. Ayran6aesa’, AnekcaHgpa B. Jiunuxunat,
Hawnnsa XK. YanxyHycosal, flapusa M. lla6bpap6aesal, riogmuna M. NMusuHal,
AHppen 10. Opexos', Acenb X. BanbycuHosal, Ackap b. Kacbimos?,
Anekceun H. KnuBeHko?, Mepyeprt P. Macabaesal, XKanapryns K. Cmaunosal,
Caynew A. An6acosal, BnapneHa P. Caburoral, ToxxxanH A. AxmapgueBal,
Mypart H. Jlenecb6aert, Cayne K. KoxxaHoeal, Aunaw C. OpasanuHal,
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Kipicne. Cemeln nonuroHelHaa SAPONbIK Kapyabl ChblHAY Ke3iHAe 3apfan LUeKKeH afamaapablH, MEMIEKETTIK FbifbiMu
aBTOMATTaHAbIPbINFAH MeAULMHarbIK, TipKeniMiHiH, gepekTep 6asachl XanbIKTbiH, AEHCAYMbIK, XaFganbiHa y3ak, Mep3imai
MOHUTOPWHT XXYpri3y, NaToONOTUAMNbIK Xaii-KyiiiH epTe aHbIKTay XaHe Ty3eTy yLUiH 3amaHayw kypan 6onein Tabbinagbi.

Matepuangap meH agictep. TipkeniMHiH, OEPEKKOPbIH TOMbIKTLIPY YLWIH 3aHAblK XaHE MeauuuHarmblK KykaTTap
nanaanaeinagbl. KongaHbinatblH apicTep: 6acTankpl KykaTTapfaH Tipkey, OO3UMETPUSNbIK KoHe MeauUMHanbIK,
aknapatTbl 3epaeney XsHe KelUipy, CKPUHWHITIK 3epTTeyrnep, Xarblkka cayarnHama ypridy. TipkeniM COHbIMEH KaTap
CayneneHy/iH, Keke [03acklH baranay MexaHu3Mi peTiHAe KbI3MET eTeqi.

Hatuxenep. Kasipri yakpiTTa TipkeniMae paguauusnblk acepre yuwbiparaH 375 253 afamra XoHe onapfblH,
ypnakTapbiHa xeke Tipkey, MeauuuHarblk, XaHe LO3MMETPUANbIK depektep 6ap, onap: Kasipri yakpiTta "Tipi" emipnik
mapTebeci 6ap agampap — 241 729 agam, eniM — XiTiMHiH, KiLi Tipkenimi-133 524 agam.

KopbiTbiHAbl. MYC KEAK PMu3 £3W 6ap Tipkenim-cayneneHreH xanbikTbiH, 6apnbik ypnakTapbl Typanbl aknapatThbl
KAMTUTbIH, apTypAli BarbiTTasbl FbINbIMU XaHe KMMHWKANbIK 3epTTeynep Xyprisyre MyMKiHAik GepeTiH, acepai ogaH api
3epTTey yLiH KyHabl pecypc Gonbin TabbinatbiH Biperen gepektep 6asach!.

TyliHdi ce3dep: KazakcmaH, A0ponbiK Kapyobl CbiHay, UOHORYWbI CayneneHy, OeHcaybIKKa aCepi, XarbiK MipKesimi.
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Introduction

In the period from 1949 to 1962, 111 atmospheric tests
were conducted at the Semipalatinsk Nuclear Test Site of
the former Soviet Union [22,25], which led to significant
radiation exposure of the territories adjacent to the test site
[7]. The territories of the Abai region, East Kazakhstan, and
partly the Pavlodar and Karaganda regions of Kazakhstan
were exposed to radioactive contamination. In the period
from 1963 to 1989, underground tests were conducted,
which led to radiation exposure mainly on the territory of the
nuclear test site, although radioactive traces were found
outside it [12].

Long-term combined exposure to ionizing radiation
makes a significant contribution to the formation of the
health of the population living in the territories adjacent to
the former Semipalatinsk test site. The problem of a
comprehensive assessment of the medical consequences
for the population of Kazakhstan during nuclear weapons
testing, their prediction and determination of the causal
relationship of various pathological conditions with radiation
exposure is relevant due to the need for effective state
rehabilitation and preventive measures to reduce public
health losses caused by radiation exposure [19].

To do this, first of all, it is necessary to determine the
numerical and age-sex composition of the victims, assess
the health status of persons exposed to direct radiation and
their descendants, and identify pathological processes that
have a reliable relationship with exposure to the radiation
risk factor. All subsequent medical and social activities
depend on effective and successful work in these areas
[16].

The problem of assessing the risk of prolonged
exposure in small doses is quite complex. For a statistically
significant determination of the dependence of the
occurrence of long-term effects, epidemiological studies on
large populations are required [20], and, accordingly, the
availability of a sufficient database.

A modern tool for long-term monitoring of the health
status of the population, early detection and correction of
pathological conditions is the database of the State
Scientific Automated Medical Register (SSAMR) of persons
affected by nuclear weapons tests at the Semipalatinsk
Nuclear Test Site.

The main tasks of the State Scientific Automated
Medical Registry (SSAMR) include:

- creation and development of a unified radiation and
epidemiological registration system for the Republic of
Kazakhstan for persons affected by radiation exposure and
exposed to radiation as a result of the activities of the
Semipalatinsk Nuclear Test Site,

- ensuring long-term personal records of persons who
were directly exposed to radiation and their subsequent
generations,

- calculation of radiation doses,

- identification of priority measures aimed at protecting
the health of citizens in this category.

Materials and Methods

The basis for the creation of the SSAMR is the Law of
the Republic of Kazakhstan dated December 18, 1992 No.
1787 - Xl «On Social protection of citizens affected by
nuclear tests at the Semipalatinsk Nuclear Test Site». The
register was established in 2003 on the basis of the
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Research Institute of Radiation Medicine and Ecology (RI
RME) of the Non-Commercial Joint-Stock Company
«Semey Medical University» in collaboration with Japanese
colleagues from the Radiation Effect Research Foundation
(RERF) [14] and with the support of the Ministry of Health of
the Republic of Kazakhstan (MH RK).

The creation of the register and the formation of its
database was a rather long process: similar registers were
studied abroad (Russia, Japan, Belarus, Ukraine), the
institute's specialists completed an internship at the Institute
for the Study of Radiation Effects (Hiroshima, Japan), a
computer program was developed with the participation of
Japanese colleagues, a server for data storage was
installed, and a collection mechanism was developed,
methodological support for operators and administrators
has been developed.

The SSAMR database was developed using the
database used in the RERF, as well as using the
experience of creating the Kazakh «historical cohort» [6,
11]. Since 2007, the register has been constantly updated,
taking into account demographic and medical information
[7, 34].

SSAMR s registered in the Register of the Committee
of Intellectual Property Rights of the Ministry of Justice of
the Republic of Kazakhstan (Certificate of State
Registration No. 253 dated March 19, 2010). By Order No.
327 dated April 12, 2010, SSAMR was registered by the
Ministry of Communications and Information of the Republic
of Kazakhstan as an intellectual property object of the
Research Institute of Radiation Medicine and Ecology (RI
RME) for Ne KZ-B-10-0000003. The execution of the Order
of the Ministry of Health of the Republic of Kazakhstan of
2012 No. 522 «On personal registration of persons affected
by nuclear tests at the Semipalatinsk test site ...» has
improved the quality and quantity of information entered into
SSAMR, the Register has been tested for compliance with
international standards, SSAMR has been integrated into
the European low-dose radiation research platform
MELODI.

Various sources of information are used to replenish the
register's database:

- legal documents: household books, materials from the
archives of cities and regional centers, certificates of
causes of death from the Registry Office archives;

- medical documentation: medical histories, results of
screening, outpatient and inpatient examinations of the
population;

- interviewing residents by making house-to-house visits
with verification of documents confirming the fact of
residence in the territory.

Information is collected to replenish the SSAMR
database according to the scheme shown in Figure 1.

Methods and forms of scientific and practical work used:

« Study and copy registration, dosimetric and medical
information from specialized paper primary documents.

+ Screening studies (in order to obtain missing data on
morbidity and mortality in the studied settlements of East
Kazakhstan region).

« The method of population survey by filling in
developed screening maps (in order to obtain more reliable
socio-economic data).
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SSAMR also serves as a mechanism for assessing the
individual radiation dose received by a person while living
(staying) in the territories adjacent to the landfill in the
period from 1949 to 1990. The assessment of individual

based on Methodological Recommendations approved and
recommended for publication by the Republican Center for
Innovative Technologies of Medical Education and Science
of the Ministry of Health of the Republic of Kazakhstan,

doses is carried out by calculation method through an Protocol No. 12 dated 19.11.2010.
automatic program embedded in the register structure,
Main sources of information
i # R egonal and district [ i
. Cmsusluf exposed residents o Housshold boak s _Eglﬂﬂ;f_aﬂ mwmmg
# Household bocks ) - regsiry offices _ _

i - X ® Begonal and district #Cutpatientpatient records
® Regonal and district registry 1 FFi ¢ Householdbooks of the F.esearch Institute of
offices registry oftices Radiation Medicine and
» Passport ® House-to-house rounds Ecology

® Patient medical records
Identification of regstry Life status m onitoring Collecting inform ation Health m onitoring
members about the causes of death
*[nterviewing registry mem bers
¢ [nterviewing registry. m em bers o Interviewing registry | ® [nterviewing registry
*Interviewing old-tim erresidents i
 Interviewing old-tim er of the village members and their m em bers
residents of the village Voter i relatives # [nform ation from
* Voter list
® [nterviewing patients of o } 5_ ® [nterviewingold- other m edical centers
ResearchInstitite of Radiafion | [nferviewmngof exposed tim erresidents of the of the city and the
Medicine andE cology persons during on-site m edical village region
examinations
*Begistration logs of incoming
and outzoinzresidents

Additional sources of information

Figure 1. The algorithm for collecting information to replenish the SSAMR database.

Results

The register database contains the following information:

- passport data,

- nationality,

- radiation route,

- education, profession,

- availability and numbers of official documents,

- medical information based on the results of a
comprehensive examination conducted by the staff of the
Institute,

- the cause of death, if the person died,

- the received radiation dose,

- results of the Human Radiation Spectrometer (HRS)
study,

- information on the availability of biomaterials (blood,
DNA, tissues).

The register also contains information about the
descendants of people who were directly exposed to
radiation - their children, grandchildren and great-
grandchildren.
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Each person included in the register's database is
assigned an identification number that allows access to all
information available on that person.

The software upgrade makes it possible to generate
automatic selections for 14 parameters in any combination.
146 automatic service requests have been implemented in
order to verify the entered information, eliminate errors and
omissions, and compile statistical reports.

With the support of the DoReMi project funded by the
European Council [28], work was carried out on the
adaptation and assimilation of information for 8,400 people
from the register's database with the European database of
the MELODI scientific platform for studying the effects of
low doses of radiation on the human body.

The following data is integrated into the European
platform:

- registration data: identification number, gender,
nationality, date of birth, place of birth;

- medical information (where applicable): established
diagnoses and dates of their diagnosis, the presence of
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congenital anomalies, and for dead people — the date and
cause of death;

- dosimetric data: radiation route, radiation dose (based
on doses established by Kazakh legislation, which may
differ from doses calculated by other methods);

- information about lifestyle factors: smoking, alcohol
consumption;

- the presence of biological material: blood, DNA,
cancerous and healthy tissues [1,2].

Currently, the SSAMR has personal registration,
medical and dosimetric data on 375,253 people, both those
exposed to radiation and their descendants, who are
represented by: persons currently with the vital status
"alive" — 241,729 people, mortality sub-register — 133,524
people.

Three age groups have been formed among the victims
and their descendants registered in the SSAMR and living
in the country today:

1. Date of birth before 12/31/1962 — 1st generation of
victims — persons who lived in the territories adjacent to the
Semipalatinsk Nuclear Test Site during the period of
atmospheric and ground tests at the Ilandfill and,
accordingly, received the most significant radiation
exposure. This group accounts for 47.2% of all persons
registered in the SSAMR and having the vital status of
"alive". Depending on the territory of residence, the
individual dose loads of individuals in this group can reach
100 sSv, and in some cases (for an extreme radiation risk
zone) exceed 100 sSv.

2. Date of birth from 01.01.1963 to 31.12.1990 - the
2nd generation of victims — persons who lived in the
territories adjacent to the Semipalatinsk Nuclear Test Site
(SNTS) during the period of underground testing at the site.
The number of the group is 41.9% of all persons registered
in the SSAMR and having the vital status of "alive".
Individual dose loads of this group can reach 20-25 sSv.

3. Date of birth from 01.01.1991 — persons born after
the termination of testing for Semipalatinsk Nuclear Test
Site (SNTS). They make up 10.9% of all persons registered
in the SSAMR and having the vital status of "alive".

Discussion

The SSAMR database is the basis for the formation of
various research cohorts and the implementation of
scientific research to assess the medical and demographic
consequences of radiation exposure among the population
of the territories adjacent to the Semipalatinsk Nuclear Test
Site (SNTS), the development of methods for the diagnosis
of radiation-induced diseases, prevention and rehabilitation
of the affected population.

The potential value of the register for scientific research
in the field of radiation medicine is confirmed by studies that
have been fully [6,11] or partially [17,18] performed using
information obtained from the SSAMR database [14].

A cohort epidemiological study of mortality rates
conducted over the period 1960-1999 revealed a
statistically significant high risk of all-cause mortality (risk
ratio RR = 1.83), mortality from esophageal cancer (RR =
3.29), stomach cancer (RR = 2.29), lung cancer (RR =
2.77), and breast cancer in women (RR = 1.85). The
highest risk of mortality associated with low-dose radiation
exposure was recorded among people aged 0-19 and 20-39
years at the time of exposure [6]. In the same cohort,
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cardiovascular diseases were diagnosed in irradiated
people significantly more often than for members of the
non-irradiated control group (RR = 2.27) and for the
population of the Republic of Kazakhstan as a whole (RR =
2.25) [11]. The study of mortality in order to track health
effects throughout life, which was started earlier [6, 11], can
be expanded and continued in the modern period by
increasing the cohort and extending the follow-up period.

Biological studies have been conducted [29,32]. For
example, cytogenetic studies of chromosomal aberrations
and markers of radiation exposure [13,33]. Possible genetic
effects were studied by analyzing the sex ratio among
children born to exposed parents [23] and when twins were
born in the same population [24].

In 2013-2016, the European Union funded the SEMI-
NUC project [15], the main purpose of which was to assess
the possibility of creating a long-term prospective cohort to
study the health effects of low and moderate doses of
radiation resulting from nuclear weapons tests at the
Semipalatinsk Nuclear Test Site. Scientists from Europe,
Kazakhstan, Japan and the USA participated in the project.
One of the goals of the project was to test the possibility of
creating a larger cohort than that used in previous studies
[6,11]. This goal was initially based on information gathered
within the framework of the Kazakh-Japanese project
[26,35].

The results of the SEMI-NUC project have shown that
the SSAMR is the most comprehensive data source for
research on the effects of radiation exposure on public
health as a result of the activities of the Semipalatinsk
Nuclear Test Site. According to the scientists who
participated in the project, the SSAMR database is a new,
largely unexplored and valuable resource for assessing the
risks to the public associated with exposure to ionizing
radiation on the environment. The advantage of the register
is that the population is not selected and includes all age
groups. The external dose ranges from 0 to 0.3 Gr, which
makes SSAMR an important resource for modern research
in the field of public health and radiation protection [3].

In continuation of the cross-sectional study conducted in
1998 [17,18], which showed the risk of developing thyroid
nodules associated with radiation, a repeat study was
conducted in the same cohort of irradiated individuals in the
modern period [8,9,4,5,21]. The creation of a study cohort,
including individuals who underwent thyroid examinations in
1998, became possible only due to the SSAMR database.

Currently, two international scientific projects are being
carried out based on the SSAMR database:

+ Contract CRA-ENV-2024-6 dated 09.12.2024 of the
Federal Agency for Radiation Protection (Germany) for a
scientific project on the topic «Analysis of the risk of
exposure to radioactive fallout from Soviet nuclear weapons
tests based on the register of the Research Institute of
Radiation Medicine and Ecology». The project will create an
unprecedented cohort of more than 50,000 people who
lived during the period of atmospheric nuclear tests (1949-
1962) in the territories of the Abai, Beskaragai, Borodulikha
and Zhanasemey districts of the Abai region;

« Japan Society for the Promotion of Science
(KAKENHI) (grants’ numbers JP26257501 and 19H01149)
to Professor Masaharu Hoshi, Member of JRRS, by the
Environmental Radioactivity Research Network Center
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(ERAN) (grants’ numbers F-22-14, F-23-14, 1-24- 09 and F-
24-04). The project is aimed at assessing the dose loads of
8000 people from 18 of the most exposed settlements in the
region [30, 31].

As well as the scientific study «Integral assessment of
the effect of ionizing radiation on the health of descendants
of people exposed to radiation», conducted by the NCJSC
«Semey Medical University» within the framework of
program-specific financing of the Ministry of Education and
Science of the Republic of Kazakhstan, in the course of
which this article was prepared.

In addition to studying the effects of radiation on public
health, SSAMR can also serve as a good basis for studying
psychological effects [27, 10]. The SSAMR database also
provides a unique opportunity to evaluate epigenetics and
intergenerational research on the risks of diseases caused
by radiation exposure, as it contains information about
subsequent generations of victims.

At the same time, it should be noted that the work on
the formation of the register database is far from being
completed. It has been established that currently about 700
thousand people live in the territories of the Abai region,
East Kazakhstan, Pavlodar and Karaganda regions, related
to radiation situations of previous years and in need of
medical and social measures aimed at reducing the
damage to their health from radiation exposure.

Further improvement of the register as a system of
long-term personal accounting of victims living in the
territories adjacent to the Semipalatinsk Nuclear Test Site
(SNTS) will allow for the implementation of;

- long-term monitoring of the health status of residents
of the registry;

- assessment of the medical, psychological, radiation,
epidemiological and social situation;

- identification of causal relationships between health
indicators and risk factors;

- information support for special scientific research of a
fundamental and applied nature (biomedical, hygienic,
clinical, epidemiological, sociological);

- development of measures based on the Register data
aimed at reducing the negative effects of testing on the
health of the affected population.

Conclusion

The SSAMR, which is at the disposal of the Research
Institute of Radiation Medicine and Ecology of NCJSC
«Semey Medical University», is a unique database that
includes information on all generations of the exposed
population and allows conducting scientific and clinical
research using modern technologies for long—term
monitoring of people exposed to radiation. The register's
database allows for fundamental and applied radiation
epidemiological studies based on long-term automated
personal records of people exposed to radiation, for
dynamic monitoring of their health, their children and
subsequent generations, as well as for predicting the health
level of the affected population.

The applied value of the register makes it possible to
form risk groups for the development of specific diseases,
monitor the demographic situation, trends in morbidity and
mortality in order to determine the main patterns of
development of the situation characterizing the level of
public health, to develop a modern therapeutic and
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preventive strategy aimed at reducing morbidity and
mortality from radiation-induced diseases.

The introduction of information on morbidity and
mortality, the creation of «thematic» sub-registers in the
register structure makes it possible to objectively assess the
range of somatic-stochastic effects and risks of radiation
exposure both for people exposed to direct radiation and for
their descendants. SSAMR is the basis for conducting
research of any orientation, regardless of the research
methods and models used.

Due to the accounting and monitoring carried out on the
basis of the functioning of the SSAMR, the population
affected by the activities of the Semipalatinsk Nuclear Test
Site is under constant medical supervision, has the
opportunity to undergo in-depth medical examination and
rehabilitation treatment at the Research Institute of
Radiation Medicine and Ecology.

The population covered by the register is the most
suitable for a long-term prospective study of the health
effects of exposure to radioactive fallout in the area of the
Semipalatinsk Nuclear Test Site. There are not many
populations in the world that have been exposed to low
doses of radiation for a long time and that are suitable for
research on the incidence of ionizing radiation exposure.
Cohorts of individuals from a well-maintained and regularly
updated registry can be used for prospective
epidemiological studies of the relationship between
radiation and morbidity, in particular cardiovascular and
oncological.

Thus, the SSAMR, created and operating at the
Research Institute of Radiation Medicine and Ecology of
NCJSC «Semey Medical University», is a unique and
valuable resource for further study of the effects of low
doses and low levels of radiation on health. It is important to
coordinate any current or future research in order to avoid
duplication of work and to use the synergy of different
methodological approaches [3].
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