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Abstract 
Introduction. The relevance of this study is determined by the significant number of population groups in the regions of 

Kazakhstan adjacent to the former Semipalatinsk Nuclear Test Site (SNS), who still live under environmental stress and the 

associated medical and social consequences. 

The aim of our study is to conduct a preliminary analysis of the health status and radiation doses of residents of the 

Abay District of the Abay Region, who are second- and third-generation descendants of people exposed to radiation due to 

nuclear weapons testing. 

Materials and Methods. Study design: cross-sectional screening study. A physical examination and laboratory testing 

were conducted, along with a study of sociodemographic factors and radiation doses among the parents and grandparents of 

the target population of 233 people aged 18-65 years in the villages of Karaul and Sarzhal in the Abay District of the Abay 

Region. Statistical analysis was performed using SPSS 20.0 (SPSS Inc., New York) and Jamovi (version 2.5.5; 

https://www.jamovi.org). 

Results. The vast majority of people included in the study were aged 29 years or younger and 30-39 years. 

Approximately 70% had lived in the area since birth or for over 30 years. Enlarged peripheral lymph nodes were observed in 

6.1% of women. Enlarged thyroid glands were observed in almost all study participants. The median ACTH level in men was 

slightly elevated compared to normal values. The study results indicate a range of high radiation doses for both first- and 

second-generation exposed individuals. 

Conclusion. To determine the relationship between radiation doses and stochastic and deterministic health effects in the 

study population, a comparative analysis is required across different dose groups and a control group of people not exposed 

to radiation. 
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Введение. Актуальность данного исследования обусловлена значительной численностью групп населения 

регионов Казахстана, прилегающих к территории бывшего Семипалатинского ядерного полигона (СЯП), 

проживающих в условиях экологической нагрузки, и связанными с ней медико-социальными последствиями.  

Целью нашего исследования является предварительный анализ состояния здоровья и дозовых нагрузок 

жителей Абайского района области Абай, являющихся потомками второго-третьего поколений лиц, подвергшихся 

радиационному воздействию вследствие испытаний ядерного оружия. 

Материалы и методы. Дизайн исследования: поперечное скрининговое исследование. Проведено физикальное 

обследование и лабораторное исследование, а также исследование социально-демографических факторов и доз 

облучения родителей, дедушек и бабушек целевого населения сел Караул и Саржал Абайского района области 

Абай, всего 233 человека в возрасте 18-65 лет. Статистический анализ проводился с применением программ SPSS 

20.0 (SPSS Inc., New York) и Jamovi (версия 2.5.5; https://www.jamovi.org). 

Результаты. Абсолютное большинство лиц, включенных в исследование, было представлено возрастной 

группой до 29 лет и 30-39 лет. Около 70% из них проживали в данной местности с рождения, либо, более 30 лет. У 

6,1% женщин наблюдалось увеличение размеров периферических лимфатических узлов. Практически у всех 

участников исследования наблюдалось увеличение размеров щитовидной железы. Медианный уровень АКТГ у 

мужчин был несколько повышен в сравнении с нормальными показателями. Результаты исследования 

свидетельствуют о диапазоне высоких доз облучения как для экспонированных лиц первого, так и второго 

поколений.  

Заключение. Для определения связи между дозами облучения и стохастическими и детерминированными 

эффектами в отношении состояния здоровья исследуемых жителей требуется проведение сравнительного анализа 

в разных дозовых группах и контрольной группе лиц, не подвергавшихся радиационному воздействию. 

Ключевые слова: Семипалатинский ядерный полигон; скрининговые исследования, состояние здоровья, 

радиация, потомки. 
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Кіріспе. Бұл зерттеудің өзектілігі бұрынғы Семей ядролық полигоны (СЯП) аумағына іргелес Қазақстан өңірлерінде 

тұратын халық топтарының айтарлықтай санының қазіргі уақытқа дейін экологиялық жүктемесі жоғары жағдайда өмір 

сүріп келе жатқанына және соған байланысты медициналық-әлеуметтік салдарларға байланысты. 

Зерттеудің мақсаты – ядролық қару сынақтарының салдарынан радиациялық әсерге ұшыраған адамдардың 

екінші және үшінші буын ұрпақтары болып табылатын Абай облысы, Абай ауданы тұрғындарының денсаулық жағдайы 

мен сәулелік жүктемелерін алдын ала талдау. 

Материалдар мен әдістер. Зерттеу дизайны: көлденең скринингтік зерттеу. Физикалық тексеру мен зертханалық 

талдау, сондай-ақ әлеуметтік-демографиялық факторлар мен ата-аналарының, әжелері мен аталарының сәулелену 

дозаларын зерттеу жүргізілді. Зерттеу Абай облысы Абай ауданының Қарауыл және Саржал ауылдарының 18-ден 65 

жасқа дейінгі 233 тұрғынын қамтыды. Статистикалық талдау SPSS 20.0 (SPSS Inc., New York) және Jamovi (нұсқа 

2.5.5; https://www.jamovi.org) бағдарламалары арқылы жүргізілді. 

Нәтижелер. Зерттеуге қатысқан адамдардың басым көпшілігі 29 жасқа дейінгі және 30–39 жас аралығындағы 

топтарға жатты. Олардың шамамен 70%-ы осы өңірде туған немесе 30 жылдан астам уақыт бойы тұрып келеді. 

Әйелдердің 6,1%-ында шеткі лимфа түйіндерінің ұлғаюы байқалды. Зерттеуге қатысушылардың барлығына дерлік 

қалқанша безінің үлкеюі тән болды. Ерлердегі адренокортикотропты гормон (АКТГ) деңгейінің медианалық көрсеткіші 

қалыпты мәндерден сәл жоғары болды. Зерттеу нәтижелері сәулеленуге ұшыраған бірінші және екінші буын өкілдері 

үшін жоғары дозалық ауқымның бар екенін көрсетті. 

Қорытынды. Сәулелену дозалары мен денсаулық жағдайына әсер ететін стохастикалық және детерминистік 

әсерлер арасындағы байланысты анықтау үшін әртүрлі дозалық топтар мен радиациялық әсерге ұшырамаған бақылау 

тобы арасында салыстырмалы талдау жүргізу қажет. 

Түйінді сөздер: Семей ядролық полигоны; скринингтік зерттеулер, денсаулық жағдайы, радиация, ұрпақтар. 
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Introduction 
The relevance of this study is determined by the 

significant number of population groups in the regions of 
Kazakhstan adjacent to the former Semipalatinsk Nuclear 
Test Site (SNTS), who still live under environmental stress 
and the associated medical and social consequences [1]. 
Since the closure of the nuclear test site in 1989, a 
considerable amount of information has appeared in the 

media that does not always accurately reflect the real 
situation regarding radiation contamination and its 
consequences for public health. The population has lived 
under the threat of radiation for many decades, fearing for 
their lives, health, and the future of their descendants [10]. 

Considering that nuclear weapons tests conducted over 
40 years at the Semipalatinsk nuclear test site caused 
significant damage to human health and the environment 
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and led to an increase in overall morbidity and mortality 
among the population, the areas adjacent to the test site in 
the East Kazakhstan, Pavlodar, and Karaganda regions 
were recognized as an environmental disaster zone [5, 8]. 
The long-term effects of nuclear testing, passed down from 
generation to generation, continue to impact the population 
today. Currently, the studied territories of the Abay region 
are home not only to people who were directly exposed to 
external gamma irradiation and internal chronic irradiation, 
but also to their descendants of the second and third 
generations, for whom the genetically determined effects of 
ionizing radiation contribute to increasing damage to health 
[2, 6]. While a significant number of domestic and 
international studies have been directed toward examining 
the health status of the descendants of the first and second 
generations of the decreed population in previous years, the 
children and grandchildren of exposed individuals currently 
require a comprehensive assessment of both their somatic 
health and genetic disorders that could lead to the 
implementation of stochastic or non-deterministic effects in 
the form of hereditary diseases or oncological problems. 

A comprehensive assessment of the health indicators of 
residents of ecologically unfavorable areas underlies the 
development of primary and secondary prevention programs for 
their health problems. This assessment requires a thorough 
study of the demographic indicators and ecological trajectory of 
the affected population [11]. 

The aim of our study is to conduct a preliminary 
analysis of the health status and radiation doses of 
residents of the Abay District of the Abay Region, who are 
second- and third-generation descendants of people 
exposed to radiation due to nuclear weapons testing. 

Materials and methods 
Object of study 
The object of the study: residents of the Abay district of the 

Abay region, who are descendants of the population exposed 
to radiation as a result of nuclear weapons testing in the 
second and third generations, living in areas of environmental 
risk. Exclusion criteria: organic central nervous system 
damage, decompensated somatic diseases; history of viral 
hepatitis B and C; individuals not associated with nuclear 
weapons testing at the SNTS for various reasons. 

The study focused on the health status of individuals 
living in environments at risk. Study design: cross-sectional 
screening study. 

A physical examination and laboratory testing were 
conducted, along with a study of socio-demographic factors 
and radiation doses of parents and grandparents that could 
affect the health of the target population of 233 individuals 
aged 18-65 in the villages of Karaul and Sarzhal in the Abay 
District. These included on-site visits in accordance with the 
study protocol and the addition of information on the 
individuals to the State Scientific Automated Medical 
Registry (SSAMR) database. The SSAMR is located at the 
Research Institute of Radiation Medicine and Ecology and 
is the official database of all individuals involved in past 
radiation incidents related to nuclear weapons testing at the 
SNTS. 

Information on personal dose load was copied from the 
SSAMR for parents, grandparents and relatives of 
individuals included in the study (if information on them was 
available in the SSAMR). 

Research methods. For each patient included in the 
study of somatic and psychological health, an "Examination 
Form" was created, including: the patient's informed consent to 
participate in the health study; "Questionnaire for the participant 
in the scientific research project" to assess the clinical condition 
of the patient (anamnesis, chronic diseases, anthropometry, 
lymph node status, thyroid gland size, physical examination, 
complete blood count (CBC), biochemical parameters (calcium, 
potassium, sodium, magnesium, glycosylated hemoglobin, total 
protein, ALT, AST, creatinine, thyroid hormones - T4, TSH, 
TPO antibodies, stress hormones - ACTH, cortisol, insulin). 
The examination form also included parameters characterizing 
the socio-demographic characteristics and bad habits of the 
study participants. 

The sample size was calculated based on the number of 
residents of the area recorded in the SSAMR (the general 
population for the study group) during the period of weapon 
testing at the SNTS. The prevalence of somatic disorders 
among individuals exposed to radiation is 30-40% [7]. The 
Sample XS statistical program was used to determine the 
sample size, with a margin of error of 5%; the design effect 
is considered to be 1.0 by default. 

The sample was representative, that is, it corresponded 
to the main characteristics of the population being studied, 
such as age, gender, and socio-professional status. 

Statistical data processing: 
Quantitative parameters were assessed for normal 

distribution using the Shapiro-Wilk test (for fewer than 50 
subjects) or the Kolmogorov-Smirnov test (for more than 50 
subjects). Normally distributed quantitative parameters were 
described using mean values (M) and standard deviations 
(SD), along with 95% confidence intervals (95% CI). In the 
absence of normal distribution, quantitative data were 
described using the median (Me) and interquartile range 
(IQR). Categorical data were described using absolute 
values and percentages. Comparisons between two groups 
for a non-normally distributed quantitative parameter were 
performed using the Mann-Whitney U test. Comparison of 
percentages in the analysis of four-field contingency tables 
was performed using the Pearson chi-square test (for 
expected value greater than 10) and Fisher's exact test (for 
expected value less than 10). Statistical analysis was 
performed using SPSS 20.0 (SPSS Inc., New York) and 
Jamovi (version 2.5.5; https://www.jamovi.org). 

Results 
Table 1 presents the socio-demographic characteristics of 

the study population. The vast majority of people included in 
the study were third-generation descendants of exposed 
individuals, aged up to 29 years and 30-39 years (78.1% in 
total). About 70% of them had lived in the given area since birth 
or for more than 30 years. Differences in the parameter of 
residence in the given area between men and women were 
statistically significant (p=0.031). This selection of study 
subjects was due to the fact that information for inclusion in the 
study was taken from the SSAMR, which provides a high 
degree of reliability of their belonging to radiation risk groups. 
57.9% of study participants had a vocational secondary 
education, and 10.3% had a higher education. About 70% of 
men had previously served in the ranks of the army. Only 
19.8% of men and 1.4% of women are nicotine dependent 
(p<0.001), and alcohol consumption was noted in the survey by 
14% of men and 7.5% of women.  

https://www.jamovi.org/
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Table 1. 
Socio-demographic characteristics of the studied population. 

Parameter Male (N=86) Female (N=147) Total (N=233) p value 

Age (years) 

0.8521 

<29 56.0 (65.1%)  101.0 (68.7%)  157.0 (67.4%)  

30-39  11.0 (12.8%)  14.0 (9.5%)  25.0 (10.7%)  

40-49  18.0 (20.9%)  31.0 (21.1%)  49.0 (21.0%)  

> 50  1.0 (1.2%)  1.0 (0.7%)  2.0 (0.9%)  

Duration of residence in the area 

0.0311 

Since birth 66.0 (76.7%)  84.0 (57.1%)  150.0 (64.4%)  

<1 year 14.0 (16.3%)  46.0 (31.3%)  60.0 (25.8%)  

Up to 10 years 0.0 (0.0%)  4.0 (2.7%)  4.0 (1.7%)  

10-30 years 2.0 (2.3%)  5.0 (3.4%)  7.0 (3.0%)  

>30 years 4.0 (4.7%)  8.0 (5.4%)  12.0 (5.2%)  

Military service 59.0 (68.6%)  1.0 (0.7%)  60.0 (25.8%)  <0.0011 

Education 

0.7351 

Incomplete secondary  15.0 (17.4%)  31.0 (21.1%)  46.0 (19.7%)  

Secondary vocational 49.0 (57.0%)  86.0 (58.5%)  135.0 (57.9%)  

Secondary 11.0 (12.8%)  17.0 (11.6%)  28.0 (12.0%)  

Higher 11.0 (12.8%)  13.0 (8.8%)  24.0 (10.3%)  

Dispensary registration 13.0 (15.1%)  29.0 (19.7%)  42.0 (18.0%)  0.2471  

Currently smokes 17.0 (19.8%)  2.0 (1.4%)  19.0 (8.2%)  <0.0011  

Alcohol consumption 12.0 (14.0%)  11.0 (7.5%)  23.0 (9.9%)  0.1101  

Pearson's Chi-squared test 

 
The clinical parameters of the subjects and the median 

laboratory values are presented in Table 2. Blood pressure 
measurements showed that the median values were within 

the target range for both men and women. Heart rate 
parameters were also within the normal range for both 
sexes.  

 

Table 2. 
Clinical characteristics of study participants. 

Parameter Male (N=86) Female (N=147) p value 

Systolic blood pressure (Ме, IQR) 110 (10) 110 (20) 0.0391 

Diastolic blood pressure (Ме, IQR) 80 (10) 70 (10) <0.0011 

Heart rate/min (Ме, IQR) 80 (2) 80 (5) 0.0181 

Lymphadenopathy: 

0.0292 Enlargement  0.0 (0.0%)  9 (6.1%)  

Significant enlargement 1 (1.2%)  0 (0.0%)  

Thyroid gland 

0.8021 Increase to 1-2 degrees 63 (73.25%)  106 (72.1%)  

Increase to 3rd degree 23 (26.75%)  41 (27.9%)  

Laboratory data 

Са, mmol|l (Ме, IQR) 2.32 (0.1) 2.29 (0.13) 0.029 

К mmol|l (Ме, IQR) 4.1 (0.37) 4.2 (0.4) 0.144 

Na mmol|l (Ме, IQR) 141 (2.0) 141 (2.0) 0.415 

Mg mmol|l (Ме, IQR) 0.79 (0.09) 0.78 (0.07) 0.293 

Glycated hemoglobin, % (Ме, IQR) 5.24 (0.54) 5.15 (0.38) 0.231 

Total protein (Ме, IQR) 72.18 (5.24) 71.2 (4.09) 0.613 

ALT U/L (Ме, IQR) 15.6 (15.46) 11.38 (8.73) 0.208 

AST U/L (Ме, IQR) 18.12 (7.25) 12.45 (6.5) 0.813 

Creatinine µmol/l (Ме, IQR) 64.56 (14.9) 54.87 (14.0) <.001 

Thyroxine mIU/L (Ме, IQR) 12.2 (1.9) 11.8 (1.6) 0.115 

TSH mIU/L (Ме, IQR) 1.52 (1.67) 1.79 (1.47) 0.993 

ACTH pmol/l (Ме, IQR) 19.9 (15.3) 13.4 (11.79) 0.114 

Cortisol nmol/l (Ме, IQR) 286.0 (138.7) 256.9 (110.9) 0.097 

Insulin mIU/ml (Ме, IQR) 6.5 (5.8) 7.1 (5.8) 0.230 
1Mann–Whitney U test;   2Pearson's Chi-squared test 
ALT – alanine transferase, AST – aspartate transferase, TSH – thyroid-stimulating hormone,  
ACTH – adrenocorticotropic hormone, HR – heart rate 
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Enlarged peripheral lymph nodes were observed in 
6.1% of women. Almost all study participants had an 
enlarged thyroid gland, which is not typical for the general 
population, as literature suggests that women are 
significantly more likely to have thyroid disease than men 
[12]. Median levels of calcium, potassium, sodium, and 
magnesium, glycosylated hemoglobin, liver enzymes, and 
creatinine were within normal limits in both men and 
women. Creatinine levels in women were, on average, 
statistically significantly lower than in men, consistent with 
accepted norms for this laboratory parameter [9]. Free 
thyroxine levels in both sexes were also within reference 
limits, although closer to the lower limit of normal. The 
median ACTH level in men was slightly elevated compared 
to normal values (below 18 pmol/L in the morning, below 11 
pmol/L in the evening), which may indicate stress in the 
adaptation system. Cortisol levels were within normal limits 

in both men and women. Insulin levels were also within 
normal limits in both men and women. 

When assessing the health status of second- and third-
generation descendants of individuals directly exposed to 
ionizing radiation, we were particularly interested in 
assessing the radiation doses to their immediate relatives 
(parents and grandparents) since this could shed light on 
the presence of a link between radiation-induced genetic 
effects. The median radiation doses of the individuals 
studied were 6.4 cSv for both sexes, 6.6 cSv for women 
and 5.7 cSv for men. The parental doses were significantly 
higher: 67.4 cSv and 50 cSv for women and men, 
respectively, from the father, and 42.4 cSv and 35 cSv from 
the mother. It should be noted that the median radiation 
doses to grandparents, both on the paternal and maternal 
sides, were in the high-dose range of 95.8–100.0 cSv 
(Table 3). 

 

Table 3. 
Characteristics of radiation doses of the subjects studied, as well as their previous generations (cSv, Median (IQR)). 

Parameter Male Female Total p 

Dose 5.7 (2.2-12.6) 6.6 (2.7- 11.8) 6.4 (2.6-12.3) 0.588 

Father's dose 50.0 (25.7-100.0) 67.4 (25.4- 100.0) 62.9 (25.7-100.0) 0.879 

Mother's dose 35.0 (18.5- 99.8) 42.4 (23.8- 100.0) 37.1 (20.0- 100.0) 0.693 

Paternal grandfather's dose 100.0 (93.8-100.0) 95.8 (87.9- 100.0) 96.8 (90.0- 100.0) 0.073 

Paternal grandmother's dose 100.0 (95.2- 100.0) 100.0 (92.3- 100.0) 100.0 (93.0- 100.0) 0.776 

Maternal grandfather's dose 96.1 (91.4- 100.0) 96.8 (96.1- 100.0) 96.5 (92.6- 100.0) 0.677 

Maternal grandmother's dose 100.0 (100.0-100.0) 98.1 (95.5- 100.0) 100.0 (96.2- 100.0) 0.561 
 

When assessing the radiation doses to the descendants 
of individuals exposed to radiation, depending on age, it 
turned out that the highest doses were received by older 
individuals: for second-generation descendants over 50 

years old, the average doses ranged from 15 to 22 cSv, for 
those 40-49 years old - from 10 to 20 cSv, while for third-
generation descendants, the peak radiation dose, on 
average, was 4-5 cSv (Figure 1). 

 

 
Figure 1. Doses of descendants of persons exposed to radiation, depending on age. 
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Discussion 
Thus, our preliminary analysis of the health status of 

second- and third-generation descendants of the radiation-
exposed population living around the nuclear testing site 
revealed a high range of doses for both individuals directly 
exposed to nuclear weapons testing and their second-
generation descendants. This is due to the fact that these 
individuals were born to irradiated parents and were directly 
exposed both in utero and during childhood, when target 
organs are most sensitive to radiation exposure [4]. 
Furthermore, they received relatively high doses of internal 
radiation through the food chain in the form of milk from 
domestic cows consuming grass in radiation-contaminated 
areas, which negatively impacted thyroid function [3]. This 
is confirmed by our findings of thyroid enlargement in 
virtually all study participants, even third-generation 
offspring, despite the low-dose radiation dose range. 
Although median levels of free thyroxine and thyroid-
stimulating hormone were within normal limits, the fact that 
thyroxine levels were closer to the lower limits of normal, as 
well as elevated ACTH levels, indicate stress on the 
adaptive system of the study participants. 

Our study has several limitations, due to the recent 
completion of screening studies and the insufficient 
availability of the database for the control area, which is not 
associated with radiation events related to nuclear weapons 
testing. Therefore, a comparative analysis of health 
indicators for the different dose groups and the control 
group will be conducted later. 

Conclusion 
This study presents the results of a descriptive analysis 

of health indicators and radiation doses in second- and 
third-generation descendants of residents of the Abay 
District of the Abay Region exposed to radiation from 
nuclear weapons testing. The study results demonstrate a 
range of high radiation doses for both first- and second-
generation exposed individuals. To determine the 
relationship between radiation doses and stochastic and 
deterministic effects on the health of the study residents, a 
comparative analysis is required across different dose 
groups and a control group of individuals not exposed to 
radiation. 
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