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Summary

Purpose of the article are studying the risk of chronic somatic diseases among uranium industry workers exposed to
occupational radiation exposure, depending on the length of work and total accumulated radiation dose.

Material and methods: Results of cohort retrospective study among persons exposed to long-term influence of negative
man-made factors on frequency and risk of somatic diseases in uranium industry workers are presented. The study covers
356 people of the group A staff of the Stepnogorsk Mining and Chemical Combine (SMCC) and 507 workers who make up
the monitoring group.

The study of results statistical analysis was carried out using IBM SPSS Statistics 20 and Microsoft Excel. The following
criteria and methods of statistical study were used to analyze the study data: Pearson's chi-squared test and correlation
analysis.

Results: The results revealed a high prevalence of chronic diseases of workers of the main group, as well as a
relationship with the total accumulated dose and experience with sources of ionizing radiation. Excessive relative risks have
been identified for diseases of the endocrine and nervous system, eye, ear, circulation, digestion and skin. Cardiovascular
pathology represented by essential arterial hypertension and coronary heart disease, was the most characteristic of the
uranium industry.

Conclusion: In the studied cohort of workers, the prevalence of diseases depended on the length of work in the
enterprise and the dose of radiation for diseases of the circulatory system, digestion, eye and nervous system. Diseases of
the circulatory system, nervous, endocrine system, ear, skin can be classified as professionally conditioned.

Keywords: disease prevalence, relative risk, uranium industry, workers, small doses of radiation.

Pestome
OLLEHKA PUCKA COMATUUYECKUX 3ABOJIEBAHUX B KOFrOPTE PABOTHUKOB
YPAHOBOM NMPOMBILWIEHHOCTU, NOABEPrAIOLWUXCA PABUALLUOHHOMY
BO3AENCTBUIO B MAJbIX AO3AX. COOBLLEHME II
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Llenb: W3yyeHne pucka XpOHMYECKMX COMaTU4eckux 3aboneBaHuin y pabOTHMKOB YPaHOBOW MPOMBILLNIEHHOCTH,
MOABEPratLLMXcst MPOhecCMoHanbHOMY paguaLlMoOHHOMY BO3LENCTBMIO B 3aBMCUMOCTW OT CTaxa paboTbl M CyMMapHOi
HaKOMNEHHOM 03bl 06NyyeHNs.
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Matepuan u metopbl: [peAcTaBneHbl pesynbTaTbl KOFOPTHOTO PETPOCMEKTWBHOMO WCCREOOBaHNS cpeau N,
NOABEPraBLUMXCS [ONTOBPEMEHHOMY BO3[ENCTBMIO HEraTUBHBIX TEXHOTEHHbIX (HAKTOPOB HAa YacTOTY W PUCK pa3BUTUS
comatnyeckux 3abonesaHuit y pabOTHUKOB ypaHOBOW MPOMbILLMEHHOCTU. MccnenoBaHue oxBatbiBaeT 356 4enoBek
nepcoHana rpynnbl «A» CTENHOropckoro ropHo-xumuyeckoro kombuHata (CTKX) u 507 paboTHMKOB, COCTaBRSIOLLMX
KOHTPOMbHYIO rpynny.

CraTuCTHYeckuin aHanu3 peaynbTaToB UCCrefoBaHMs OCYLLECTBANCS C UCMONb30BaHMEM NPOrpamMMHOro npogykta [BM
SPSS Statistics 20 n nporpammbl Microsoft Excel. [Ins aHanu3a AaHHbIX MCCrefoBaHUst UCMONb30BaNMCh CrieaytoLme
KpUTEPUM 1 METOABI CTAaTUCTUYECKOTO UcCnefoBaHus: Xu-kBagpart M1pcoHa, KOpPensLMOHHbIA aHanua.

PesynbTatbl: Pe3ynbTathl BbISBUMN BbICOKYIO PacCnpOCTPaHEHHOCTb XPOHUYECKMX 3aboneBaHuit paboTHUKOB OCHOBHOM
rpynMbl, @ TaK e CBA3b C CYMMAapHOW HaKOMIEHHOW A030M W CTaxeM paboTbl C NCTOYHWUKAMI VIOHM3VUPYIOLLEH paguvaLmn.
/130bITOYHbIE OTHOCUTENbBHBIE PUCKW ObiNW BbISBMEHbI ANS OONe3Heln SHAOKPUHHOW M HEPBHOW CUCTEMbI, Masa, yxa,
KpOBOOOpALLEHNs, MNLLEBAPEHNS N KOXU. Hanbonee xapakTepHOW AN N, 3aHsATbIX HA YpPaHOBOW MPOMbILIEHHOCTH,
okasanacb maTonorusi cepaeyHo-CoCyaUCTON CUCTEMbI, MPEeACTaBMNeHHas 3CCEeHLManbHOM apTepuanbHoi runepTeHanen u
nwemmndeckoit 6onesHbI0 cepaua.

BuiBogbl: B n3yyaemoin koropte paboTHUKOB pacnpocTpaHeHHOCTb 3aboneBaHWi 3aBucena OT cTaxa paboTbl Ha
NpeanpusTMM 1 Bo3bl 0bnyyeHns ansa 6onesHen cucTeMbl KpoBOODpALLEHWs, MULLEBAPEHNS, ra3a U HEPBHOW CUCTEMI.
BonesHu cuctembl KpOBOODOPALLEHNS, HEPBHOW, 3HOOKPUHHOWM CUCTEMBI, yXa, KOXM MOXHO OTHECTW K MpOeccMoHanbHo-
00yCnoBneHHbIM.

Knrouesbie cnoea: pacnpocmpaHeHHoCmb 3abonesaHull, OMHOCUMESbHBI PUCK, YpaHo8as NPOMbILTIEHHOCTb,
pabomHuku, Manbie 003bi paduayuu.
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. Papno6uonorus xaHe paguauusa kopray MHcTtutyThl KeAK «AcTtaHa MeguuuHanbsik yHUBepCUTETi»,
Hyp-CynTaH K., KazakctaH Pecny6nukachsi;

2B.I. KopnaueB atbiHAaFbl naTonoruanbik dmnsmonorma kacgenpachl,

KeAK «ActaHa MeguumHanbIK yHUBEpPCUTETI»,

Hyp-CynTaH K., KazakctaH Pecny6nukachbl.

Makcatbl: YpaH eHepkacibi XyMbICLIbINAPbIHbIH, apacbiHAa XYMbIC YaKbITbiHbIH, Y3aKTbifbiHA XOHE paauauusnbik
KUBIHTBIK MenLLepiHe BainaHbICTbl CO3bINIManbl COMaTUKanblK aypynapablH JaMy KayniH 3epTTey.

3epTTey mMaTepuanpapbl MeH dpicTepi: YpaH eHepkacibi KblaMeTkepnepiHiH, comaTukanblk aypynapbiHbiH, XuiniriHe
XOHe Aamy KayniHe Tepic TexHOreHAiK (aktoprnapiblH y3aKk ocepiHe ylublparaH TynFanap apacbiHha KOropTTbIK
PETPOCNEKTUBTI 3epTTey HOTWXenepi yCbiHbinFaH. 3epTTeyre CTENHOrOpCK Tay-keH-XUMUANbIK komBuHaTbiHbIH (CTKX) A
T0BbIHaH 356 apgam xaHe bakpinay TobbiHa Thecini 507 KyMbICLbI KATbICTbI.

3epTTey HaTMXenepiHe cTatucTukanblk Tangay IBM SPSS Statistics 20 6araapnamansik eHimi xaHe Microsoft Excel
Oafgapnama kewmeriMeH y3ere acbipbingbl. 3epTTey ManiMeTTepiH Tangay YLWiH CTaTUCTUKanblK 3epTTeydiH Keneci
erwemaepi MeH agictepi nangananbingbl: MMPCOHHLIH Xu-kBagpaThl, KOPPenauusanbIK Tanaay.

3epTTey HaTUkenepi: ArblHFaH HOTWXeNep Herisri TONTbIH Kbl3MeTKepnepi apacbiHaa co3blnMarnsl aypynapablH
KOFapbl TapanyblH, COHAal-aK XWHAKTamFaH Xanmnbl 403aMeH XoHe MOHAAylWbl CayneneHy kesaepiMeH TaxipubemeH
BannaHbICbiH  aHbIKTadbl. OHOOKPUHAIK KOHE XYMKe XyWeci, ko3, KyfaK, KaH anHanmbiMbl, ac KOpbITy XaHe Tepi
aypynapbiHbIH LWamagaH TbIC CanbICTbipManbl Kayni aHbIKTangbl. OcCeHUManabl apTepusAnbIK rMNePTEH3NS KaHE XYPEKTiH,
NLEMUAMBIK aypybl YCbIHbIMFAH XYPeK-KaH Tamblp NaTonorusckl ypaH eHepkacibive TaH bongbl.

KopbITbIHABI: 3epTTenreH XKyMmbiCWwbinap TobbiHAa aypynapabiH Tapanybl KSCINOpbIHAAFb! XYMbIC Y3aKTbIFbIHA, KaH
aiHarbIMbl KYWECi, ac KOpbITy, KO3 XoHe XyWKe XyWecCi aypynapbiHa paguauusnbik fo3aFa 6ainaHbiCTbl eKeHAiri
aHbikTangpl. KaH aiHanmbIM Kymeci, xyike, 3HOOKPUHAIK Xyiienep, Kynak, Tepi aypynapblH kacibu Typae aHbiKTayFa
Gonafapl.

Hezizei cesdep: kecendepdiH mapanywbiibifbl, canbiCmbipManbl MayeKes, ypaH ©Hepkacibi, KbiamMemkepnep,
paduayusHbIH Kiwi 0o3ach!.
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Introduction

The effect of ionizing radiation in small doses on
human health is mainly in the form of long-term stochastic
effects, of which the mechanisms for the development of
malignant neoplasms have been studied in more detail. At
present, there is an increasing number of data for the link
between exposure to ionizing radiation and contraction of
non-tumor chronic diseases of uranium industry workers
[1-3]. Despite a considerable number of studies, there are
uncertainties and contradictions in the assessment of
radiation damage effects on the health of uranium industry
workers depending on accumulated dose [12, 13]. The
aim of the study is assess risk of chronic somatic diseases
in workers exposed to occupational radiation exposure
depending on the length of work and total accumulated
dose of radiation

Materials and methods

The source of data for the study retrospective cohort
was the database of Institute of radiobiology and radiation
protection nCJSC "Medical university Astana" Information
System "Medical examination card of workers of uranium

professional impact of radiation background on health of
workers of uranium mining enterprise. Observation data in
the retrospective cohort were analyzed for the period 2013-
2019.

The study was conducted in two groups - main and
monitoring, with 863 males. The first main is represented by
the workers of group "A" of Hydrometallurgical Plant (HMP)
of Stepnogorsk Mining and Chemical Plant (SMCP), in the
number of 356 people, having professional contact with
sources of ionizing radiation. The retrospective cohort
included workers with officially registered individual total
accumulated doses for the entire period of work on the
HMP. Workers of the main workshops of enterprise
throughout their working life consist of individual dosimetric
control of external radiation and monitoring of internal
radiation from incorporated uranium. The monitoring group
was selected with a similar sex and age distribution, but not
related to any ionizing radiation sources. This group was
represented by workers of "Stepnogorsk thermal power
station" LLP and workers of other enterprises, which
numbered 507 people. The characteristics of the study

mining enterprise," developed in 2013 to monitor  groups are shown in Table 1.
Table 1.
Characteristics of workers of the main and monitoring groups.
Characteristic Main group Monitoring group

Number 356 507

Average age 459+11,3 44,7 12,2

Average service experience in the enterprise 10,1+8,5 11,15+8,82

Average total accumulated radiation dose 81,4+76,1 -

The calculation of the relative risk (RR) of disease
development was carried out on the basis of the
mathematical formula: RR = [a/(a+ b)]/[c/(c +d)], where a
is the number of detected workers with diseases of a
certain class by ICD-10;

at+b - sum of patients and healthy main group,

¢ - number of identified persons with diseases of the
same category in the monitoring group;

ctd is the sum of patients and healthy in the
monitoring group.

The calculation of etiological proportion (EF) of
diseases cases related to the effect of working conditions
was carried out according to the formula: EF = [(RR-
1)/RR] x 100%, where RR is the relative risk of diseases
of a certain class in workers caused by harmful factors [6].

83

The study of results statistical analysis was carried out
using IBM SPSS Statistics 20 and Microsoft Excel. The
following criteria and methods of statistical study were
used to analyze the study data: Pearson's chi-squared
test and correlation analysis.

Results of study

When analyzing data 78.8% workers of main group
have chronic somatic diseases, in the monitoring group this
indicator was lower and amounted to 69.9% workers. When
analyzing the cases of somatic pathology of the uranium
industry workers, it was revealed that the level of their
general incidence in almost all classes of diseases
according to ICD-10 exceeds that in the control group of
workers. In general, the prevalence rate of diseases was
higher among the staff of group A and amounted to 243.8
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per 100 workers, in the monitoring group, respectively,
154.6 per 100.

Further, intensive indicators were calculated that
demonstrated the frequency of the phenomenon in the
medium. This allowed us to determine the statistical
significance of differences in incidence in both groups.

Significant differences in the incidence of diseases were
recorded in the following classes of diseases: diseases of
the circulatory system (x2 = 76.23, p <0.001), endocrine
disease (x2 = 9.0, p <0.05), nervous systems (x2 = 23, 2, p
<0.05), eye disease (x2 = 29.15, p <0.001), ear (x2 = 13.74,
p <0.001), digestion (x2 = 17.62, p <0.001), skin (x2 = 6.24,
p <0.05).

The calculation of extensive indicators in the study
groups was carried out only for those groups of somatic
diseases which could be directly or indirectly associated
with the radiation factor. Infectious diseases, neoplasms,
congenital anomalies, as well as injuries and poisoning
were excluded from the study. Pathology of the
cardiovascular system (19.4%) turned out to be the most
characteristic for the studied contingent of the main group,
diseases of the eye and adnexa apparatus (17.1%) took
second place in the staff of group A, and respiratory
diseases took the third position in the study group (
13.0%). In the monitoring group diseases of the

respiratory  system  (17.6%), diseases of the
musculoskeletal system (16.8%) and diseases of the eye
and its adnexa (16.0%) occupied the leading places.

Estimate the possible impact of radiation on the health
of workers; we analyzed the instant prevalence of
diseases according to the ICD-10 classes identified during
a medical examination. To determine the risk of diseases
in the main group in relation to the control, we calculated
rough relative risks (RR) according to the ICD-10 classes.

Excessive gross relative risks (RR> 1) which may
indicate that the working conditions of the uranium
industry are an additional risk factor for the health of
workers have been identified for most classes of diseases.
We have identified the following classes of diseases with
RR and a confidence interval that doesn't include zero, in
which the possible influence of working conditions on the
frequency of diseases included in the ICD-10 class cannot
be ruled out: diseases of the endocrine and nervous
system, eyes, ear, blood circulation, digestion, skin (table
2).

Then, the etiological fraction (EF) of the cases of
diseases associated with the impact of working conditions
was calculated and the degree of professional dependence
of the diseases of the uranium industry workers was
evaluated according to certain criteria. [6]

Relative risk of chronic diseases of workers of the main group and their relation to the dose.

Class of disease p
according to ICD 10
Diseases of the endocrine system <0,05
Nervous system diseases <0,001
Diseases of the eye and adnexa <0,001
Diseases of the ear and mastoid process <0,001
Diseases of the circulatory system <0,001
Diseases of the digestive system <0,001
Diseases of the skin and subcutaneous tissue <0,05

As can be seen from table 2 among the staff of group
A of the HMP, the criteria for professional conditionality
ranged from unreliable to high.

In summary, the strength of cause-effect relationships
was assessed, which in turn is determined by the relative
risk (or etiological fraction) based on the following criteria:

a) relative risk of 5 or more (etiological share of 80%
or more), the disease is identified as occupational,

b) relative risk of 5 to 2 (etiological proportion of 80 to
50%), the disease is considered professionally
determined;

c) relative risk of less than 2 (etiological fraction less
than 50%), the relationship is considered weak and to
establish a causal relationship between the disease and
labor factors, another argument must be used.

RR

2,7
2,1
1,8
24
2,6
1,8

1,9
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Table 2.
Cl EF,% Degree of prof. Exposure
conditionality to dose
1,4-54 63 high -
i . X2=4,16,
1,6-2,9 53 high 0=0,042
i X2=6,23,
1,4-2,2 44 average 0=0,013
1,5-3,8 58 high -
i . X2=19,37,
2,1-3,2 62 high 0<0,001
i X2=14,18,
1,4-2,4 44 average 0=<0,001
1,1-3,1 47 high -

Thus, data obtained in the course of this study showed
that diseases of the circulatory system, nervous,
endocrine system, ear, and skin can be classified as
professionally determined.

Among specialists in human radiation protection, it is
customary to use a sign - “dose dependence” - as a
criterion that allows one to attribute or not classify certain
changes to the category of radiogenic ones [7]. For the
calculation of radiation risk, the initial data were individual
total accumulated radiation doses by uranium production
workers based on the results of individual dosimetric
control. The documented radiation burden of group A staff
ranged from 2.61 to 519.64 mSv. Depending on the
accumulated radiation dose, the main group of the study
was divided into 2 subgroups: 1) 0-100 mSv (241 people,
67.7%); 2) 100 or more mSv (115 people, 32.3%). An
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analysis of the data revealed higher incidence rates in a
subgroup of workers with an accumulated dose of more
than 100 mSv. As the dose of radiation increases, the
incidence of diseases of the circulatory system, digestion,
eye and nervous system in workers increases
significantly. Since the value of the Pearson correlation
coefficient between the radiation dose and the work
experience turned out to be equal to unity (p = 0.01),
therefore, these values are completely interconnected and
prevalence of diseases, depending on the work
experience has the identical characteristic presented
above.

Based on the indicators of specific gravity, gross
relative risk, and dependence from dose the disease
circulatory systems take a leading position in the disease
structure of HMP workers. Thus, the incidence of group A
staff the disease circulatory systems was 44.4 per 100 of
workers, in the monitoring group this indicator was 2 times
less the 17.2 per 100 of workers. When analyzing results
the prevailing diseases in this category of diseases were
arterial hypertension, vein disease, and coronary heart
disease.

In the group of persons not in contact with sources of
ionizing radiation with significantly less incidence per 100
people, the structure of it was similar to the main group of
workers and repeated general patterns of prevalence of
certain nosological forms of SDS diseases: 54% of all
diseases were arterial hypertension, 18.4% - coronary
heart disease, 17.2 - vein diseases.

Discussion

There are very few epidemiological studies regarding
the health status of workers associated with the extraction
and processing of uranium. Moreover, the results of these
works are often contradictory. Of the small number of
studies, most of them relate to the study of mortality and
the relationship of occupational factors with the formation
of tumors. Thus, the workers of the uranium industry in
France did not show any significant excess of mortality,
moreover, the cohort of employees of the uranium mining
in many parameters was healthier in comparison with the
general population [9]. In epidemiological studies of
German uranium industry workers, convincing evidence
was found of a connection between low doses of uranium
alpha emitter and the risk of developing lung cancer, also
for certain subtypes of non-lymphoblastic leukemia [10,
11, 13]. The health status of workers in the US uranium
industry was investigated. Due to the accumulation of
uranium primarily in the kidneys and bones, the
researchers suggested increased mortality from tumors of
bone and kidney tissue. No association with kidney cancer
was found, but a positive, but not statistically significant,
dose-effect relationship was found between the absorbed
dose in the kidneys and their chronic non-tumorous
diseases. In addition, there was a statistically significant
positive relationship between the dose of radiation of the
bone marrow and the occurrence of multiple myeloma
[14]. Data on the prevalence of non-tumor somatic
diseases of uranium workers are even more limited.
Studies in the available literature are aimed at studying
stochastic effects of chronic exposure to low doses of
ionizing radiation in the course of professional activity,
analysis and assessment of the prevalence of the main
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somatic diseases of uranium mining workers, depending
on professional period of work and total dose of external
radiation. In the structure of morbidity, the first rank places
among uranium mining workers were diseases of the
circulatory system, nervous system and breathing. The
incidence of workers in many classes of diseases was
higher among the workers with the most experience and
among those who were in the process of working under
the influence of radiation with a dose of more than 100
mSv [4]. The foregoing indicates that the potential chronic
effects of uranium on human health under occupational
conditions have not been adequately studied.

The results are showed that the frequency of chronic
somatic diseases among uranium mining workers was
more than 1.5 times higher than in the control group. In
the structure of the prevalence of diseases, diseases of
the circulatory system, eyes and respiratory system
prevailed. In general, the results of the study are
consistent with the literature. Thus, a study of the
cardiovascular pathology of the workers of the agricultural
complex in Seversk, who has professional contact with
sources of radiation, revealed a high prevalence of
diseases of the circulatory system, especially coronary
heart disease [5]. In addition, arterial hypertension and
coronary heart disease are the most common
cardiovascular diseases, which make a decisive
contribution to morbidity and mortality in developed
countries [6, 7]. The organ of vision, as is known, in
particular, the structures of the lens are also very
radiosensitive. Damage to the respiratory system may be
due to a high level of dust in the workplace, in addition, a
sharp cooling of the body at low air temperature in the
room or in the open area.

In summary of the study, numerous data were
obtained that make it possible to attribute some classes of
diseases to professionally determined, viz., diseases of
the circulatory system, nervous, endocrine system, ear,
and skin. In addition, a dose-dependent increase in the
risk of developing diseases of the endocrine system,
nervous system, diseases of the eye and its adnexa,
circulatory system and digestive diseases was found. In
total, the results of the study testified to the negative
impact of working conditions on the overall incidence of
uranium industry workers exposed to chronic exposure to
small doses of radiation. The working conditions prevailing
at the enterprise of the uranium industry influence the
formation, level and nature of general somatic morbidity.

Conclusion

The study results of health condition of the workers of
HMP enterprise in Stepnogorsk revealed a high incidence
of the investigated population. The most characteristic of
the study population of main group was the pathology of
cardiovascular system (19.4%), the second place in group
A staff was occupied by diseases of the eye and its
appendage apparatus (17.1%), the third position in the
study group - diseases of respiratory organs (13.0%). In
the studied cohort of workers, the prevalence of diseases
depended on the length of work in the enterprise and dose
for diseases of the circulatory system, digestion, eye and
nervous system. Diseases of the circulatory system,
nervous, endocrine system, ear, skin can be classified as
professionally conditioned. In workers of main group
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among diseases of the circulatory system, one of the
leading places is essential arterial hypertension and
coronary heart disease.
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