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Introduction. Preservation of the health and professional longevity of people of working age is a priority task of the Russian healthcare system. In this regard,
it is extremely important to study the structure and dynamics of occupational pathology for the scientific justification and development of measures aimed at
managing the risks to the health of workers in enterprises with extremely dangerous working conditions and to prevent the development of occupational diseases.
Objective. To study specific features in the structure of occupational morbidity of workers of a uranium mining enterprise over a 50-year period.

Materials and methods. The work was performed on the model of a large uranium mining enterprise within the Rosatom State Corporation in Russia with
extremely dangerous working conditions. Cases of occupational diseases detected in workers from the beginning of the operation of the company from
1970 to 2019 were analyzed. The structure of occupational diseases was characterized, and the share contribution of the main nosological forms over 5-year
periods was analyzed.

Results. The main nosological forms of occupational diseases in underground miners of a uranium ore mining enterprise were identified. A steady trend
towards an increase in the total number of cases of diseases was noted. There was a gradual increase in the proportion of diseases of the musculoskeletal
system and peripheral nervous system, a decrease in the proportion of “dust” pathology, an increase and subsequent decrease in the proportion of sensori-
neural hearing loss, as well as a stable contribution to the structure of occupational pathology of malignant neoplasms.

Conclusion. Indicators of a priori occupational health and safety risk of uranium mining workers reflect the levels of their occupational morbidity. Musculo-
skeletal system disorders and occupational malignancies dominate in the structure of occupational diseases. This morbidity is many times higher than the
national average.
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OCOBEHHOCTU NPO®ECCUOHAJIBHOW 3ABONIEBAEMOCTW PABOTHUKOB
YPAHOAOBLIBAKOLLIX MPON3BOACTB

H.A. Oanxec', B.b. MNaHkosa'?3*, .B. Cepebpsikos"*#, J1.M. Caapkonnens'34, N.H. ®egnHa'+°, H.I. BomwwiTenH', A.l. YdypoBs!

"HaumnoHanbHbIn MEANLMHCKWN NCCNEA0BaTENbCKUI LEHTP OTOpMHONapuHronorum @enepansHoro Meamko-6rmonormieckoro areHTcTaa, Mocksa, Poccust
2Bcepoccuiickuini HayYHO-MCCnefoBaTelbCKMin MHCTUTYT rUreHbl TpaHcnopTa PocnoTpebHaasopa, Mockea, Poccus

¢ Poccwiickas MeauLmMHCKas akafeMus HempepbIBHOro NpodeccruoHaneHoro obpadoBaHs MMHUCTEPCTBa 3apaBooxpaHeHs Poccuiickoin Gepepaum,
Mocksa, Poccusi

4Hay4Ho-nccnenoBaTeNbCKMin UHCTUTYT MedMUMHBI TRYAA MMeHW akagaemvka H.O. Viameposa, Mocksa, Poccust

5 Poccuinckuii yHuBepceuTeT MeamumHbl MUHUCTEpCTBa 3apaBooxpaHeHns Poccuiickorn Peanepaummn, Mocksa, Poccust

BeepeHue. OgHoM 13 NPYOPUTETHBIX 3aA4a4 34paBooOXpaHeHns Poccuinckon defepaunm SBASETCS COXPaHeHWe 340P0Bbs 1 MPOGECCOHaNbLHOro AONro-
NeTus AnL, TPYAOCNOCOBHOro Bo3pacTa. B CBA3M C 3TM KpaiiHe akTyanbHO U3yYeHne CTPYKTYPbl U AMHaMUKM NPOMecCoHanbHoM NaTonorum As Hayy-
HOro 060CHOBaHWSA 1 Pa3PaboTKN MEPONPUATUIA MO YNPaBAEHUIO PYCKamn AN 300P0BbS PABOTHUKOB NPEANPUATUIA C 0COB0 ONACHLIMU YCNOBUAMMN TPyAa
1 NpohnnakTrke pPas3BUTUA NPOdECCroHanbHbIX 3ab0neBaHuiA.

Llenb. /13y4eHne ocobeHHOCTE CTPYKTYpPbl MPOGECCHMOHaNBHOM 3a601eBaEMOCTN PAGOTHUKOB YPaHOL0ObIBAIOLLErO NPeanpusiTvs 3a 50-1eTHWN Nepuoa,.
Matepuansl n metoabl. PaboTa BbiNONHEHa Ha MOAENM KPYMHOro ypaHoaobbiBaoLLero npeanpuatvs Poccumn ¢ ocobo onacHbIMu ycnosuamm Tpyga 'K
«Pocatom».

[MpoBeneH aHanma cnyyaeB NPoheccnoHanbHbIx 3a60neBaHnin, BbISBNSEMbIX Y PAOOTHUKOB OT Ha4ana paboTel NpeanpuaTns 3a neprog ¢ 1970 no 2019 rr.
OxapakTepuaoBaHa CTPyKTypa npodeccroHanbHbix 3abonesaHnii, B AvHamMvke no 5-neTHUM nepuojamM npoaHannsnpoBaH [0NeBOW BKAaL OCHOBHbIX
HO30M0rM4YEeCKMX (DOPM.

Pe3ynbTaTbl. BbigBNeHbl NPUOPUTETHBIE HO30M0rMYeckne Mopmbl NPOdECCoHaNbHbIX 3aboneBaHnii y NoA3eMHbIX rOpHOPabo4nx NpeanpuaTua
no fobbl4e ypaHoBbix pya. OTMedeHa ycTonumBas TeHAEHUMS K yBENMYeHUto obLLero Yncna cny4aes 3aboneBaHuii ¢ NocTENeHHbIM YBEeNYeHnem
[onu 3abonesaHnin ONOPHO-ABMraTelbHOro annapara U Nepudeprn4eckon HEPBHOWM CUCTEMbI, CHUXKEHWIO [OMN «MblEBOW» NaTONOMMK, POCTY U MO-
CnefyloLwwemMy CHYDKEHWIO AONN HENPOCEHCOPHOWM TYroyxoCTW; CTabuibHbIN BKAAA B CTPYKTYPY NPOoecCnoHanbHOM natonorum 3noka4ecTBeHHbIX
HoBOOGpasoBaHmii.
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HasnbHOI 3a60eBaeMoCT. B CTPYKType npodeccroHanbHbix 3abonesanunii npeobnafatoT 3a60neBaHns KOCTHO-MbILLIEYHOI CUCTEMbI 1 MpodeccroHanb-

‘ 3aknoueHue. [okazatem anpruopHOro NpogeccroHansHOro pycka PaGoTHUKOB ypaHoAo6bIBaOLWIEro NPEANPUATUS OTPaXKAIOT YPOBHM X MPOgeccro-
Hble 3/10Ka4eCTBEHHbIE HOBOOBPA30BaHWSI, MHOrOKPATHO MPEBLILIAIOLLINE CPEAHEPOCCUIMCKIE NOKA3aTeNM.

KntoyeBble cnoBa: CTpykTypa npoheccroHanbHOM NaTtonorim; npoheccroHanbHbIi PUCK; 3a00/1EBaHNSt KOCTHO-MbILLIEYHOW CUCTEMbI; NPOdeccroHab-
Hble 3/10Ka4eCTBEHHbIE HOBOOGPA30BaHISA
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INTRODUCTION

Ensuring the medical component of industrial safety, pre-
serving the health and professional longevity of people of
working age comprise priority tasks of the healthcare of
the Russian Federation. Strategically important industries
need highly qualified personnel, whose training requires
significant time and material resources. In this regard, the
health of workers in certain industries with particularly dan-
gerous working conditions is of great medical, social, and
economic significance [1-2].

The importance of this area was emphasized by
M.V. Mishustin, the Chairman of the Government of the
Russian Federation, at the opening of the All-Russian Week
of Occupational Safety — 2021. He emphasized that the
rapidly changing world poses new challenges, which lead
to previously unknown risks associated with occupational
diseases arise. Therefore, timely identification of signs of
the initial development of a possible occupational disease
is an urgent task.

According to the definition by the WHO, occupational
risk is the prognostic probability of the frequency and se-
verity of adverse reactions to exposure to harmful factors of
the working environment and the work process. Production
factors (noise, vibration, severity of the labor process) that
exceed sanitary and hygienic standards have a negative
impact on the body of workers. They can cause a risk of
developing occupational diseases, exacerbate the course
of a number of common diseases, and determine disability
and the onset of disability [3-5].

It is difficult to overestimate the importance of nu-
clear energy in Russia. Currently, nuclear power plants
here generate about 20% of the total electricity amount.
Power generation at nuclear power plants, extraction of
raw materials, and enrichment of nuclear fuel are carried
out at the enterprises of the Rosatom State Corporation,
one of the largest producers of natural uranium in the
world [6-7].

The majority of studies into the health status of urani-
um mining workers in Russia were carried out in the late
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twentieth and early twenty-first centuries. They recorded
the presence of such priority factors of working condi-
tions as industrial aerosols, intense noise, local and gen-
eral transport, technological vibration, physical overload,
functional overstrain of the musculoskeletal system, and
ionizing radiation [8-12]. The main forms of occupational
diseases of workers at that time were pathologies of the
respiratory system (silicosis, pneumoconiosis), vibration
disease, and occupational hearing loss [13-18].

Therefore, research aimed at studying the features of
occupational health disorders of workers exposed to harm-
ful production factors during the extraction of uranium ore
and the development of measures to manage the risks of
their development are both justified and relevant.

In this paper, we study the structure of occupational
morbidity of workers of a uranium mining enterprise over
a 50-year period.

MATERIALS AND METHODS

The work was performed based on a model of a
large uranium mining enterprise within Rosatom State
Corporation in Russia with extremely dangerous work-
ing conditions.

Cases of occupational diseases detected in workers
from the beginning of the company’s work for the period
1970-2019 were analyzed. The structure of occupational
diseases was characterized, and the contribution of the
main nosological forms (silicosis, vibration disease, sen-
sorineural hearing loss, chronic dust bronchitis, pathol-
ogy of the musculoskeletal system and peripheral nervous
system, malignant neoplasms) was analyzed over 5-year
periods [19-20].

RESULTS AND DISCUSSION

The conducted research established that at the workplac-
es of the uranium mining enterprise studied here, the cur-
rent main occupational health risk factors are intense noise,
local and general vibration, as well as physical overload
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Fig. 1. The structure of nosological forms of occupational pathology identified
in uranium mining workers for the period 1970-2019 (number of cases, %)

and functional overstrain of the musculoskeletal system
due to insufficient mechanization of the labor process and
the high prevalence of manual labor among workers of the
main professions. Radiation factors (gamma radiation, ra-
don and its short-lived daughter decay products, long-lived

alpha-nuclides of a number of natural uranium) have an ad-
ditional negative impact on the health of miners. The data
obtained is comparable with the information available in
previously published literature sources [21-23].

Currently, industrial aerosols have an insignificant im-
pact on the occupational risk structure of miners of the
uranium mining enterprise, largely due to the use of various
dust suppression methods.

The results of a retrospective analysis of cases of occu-
pational diseases based on archived data from the results
of preventive medical examinations for the period 1970-
2019 are presented in Table 1.

In total, from 1970 to 2019, 1134 cases of occupational
diseases were recorded among workers of the uranium
mining enterprise. There was a fairly steady increase in
the number of occupational diseases, with more than half
of all cases (53.9%) detected in the past 10 years, in the
2010-2019 period.

Occupational morbidity is characterized by the follow-
ing priority groups of pathology: diseases of the peripheral
nervous system (PNS) and musculoskeletal system (MSS),
formed mainly due to overstrain of organs and systems in
the process of performing work functions (33.7%); sensori-
neural hearing loss (SNHL) caused by noise exceeding the
maximum permitted level (23.2%); vibration disease (VD)
due to exposure of local and/or general vibration (20.0%);
respiratory diseases due to exposure of industrial aerosols
(11.6%), among which cases of silicosis (2.5%) and chronic
dust bronchitis (CDB) (9.1%) were isolated; malignant neo-
plasms (MNs) — 10.1% of cases (Fig. 1).

The conducted analysis allowed us to establish specific
features in the dynamics of the development of occupa-
tional pathology in workers of the enterprise studied herein
(Figs. 2-6).

Thus, in the period from 1970 to 1989, more than half
of the cases of occupational diseases (up to 62.5%) were
due to respiratory pathology, silicosis, and chronic dust

Table 1. Cases of occupational diseases over 5-year periods in 1970-2019 (absolute values)

Cases VD MNs SNHL PNS & MSS Silicosis cbB Others Total
1970-1974 2 1 5 0 8
1975-1979 8 2 10 14 6 0 40
1980-1984 2 4 5 1 1 13
1985-1989 7 5 1 27 5 45
1990-1994 4 5 56 8 1 25 2 101
1995-1999 7 25 27 4 1 19 1 84
2000-2004 9 28 23 1 2 0 73
2005-2009 57 9 59 27 1 4 2 159
2010-2014 85 20 51 162 13 2 333
2015-2019 55 17 27 170 6 3 278
Total in 1970-2019 227 115 263 382 28 103 16 1134

The table was prepared by the authors based on archival data
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Fig. 2. Dynamics of the proportion of silicosis and chronic dust bronchitis in the structure of occupational diseases detected in uranium mining workers during
the 1970-2019 period
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Fig. 3. Dynamics of the proportion of sensorineural hearing loss in the structure of occupational diseases detected in workers of a uranium mining enterprise during
the 1970-2019 period
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Fig. 4. Dynamics of the proportion of vibration disease in the structure of occupational diseases detected in workers of a uranium mining enterprise during the
1970-2019 period
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Fig. 5. Dynamics of the proportion of malignant neoplasms in the structure of occupational diseases detected in workers of a uranium mining enterprise during
the 1970-2019 period
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Fig. 6. Dynamics of the proportion of diseases of the peripheral nervous system and musculoskeletal system in the structure of occupational diseases detected in

workers of a uranium mining enterprise during the 1970-2019 period

bronchitis (CDB). Prior to 1984, silicosis prevailed among
occupational diseases of the respiratory system; however,
since 1985, chronic dust bronchitis has become the priority
form of pathology with up to 60% of all cases of occupa-
tional diseases (OD). Silicosis was detected only in isolated
cases.

Cases of silicosis have not been detected since 2000.
CDB accounted for 2.7% to 3.9% of cases of all occupa-
tional diseases. It is important to note that cases of silicosis
were found in those workers who, prior to starting work in
the divisions of a uranium mining enterprise, had already
had a history of work experience in «dusty» professions at
other mining enterprises.

The proportion of sensorineural hearing loss in the
structure of occupational pathology fluctuated over a
wide range: the maximum (55.4% of cases) in the period
from 1990 to 1994 with a fairly significant decrease in
indicators to 9.7-15.3% in the period from 2010 to 2019.
The proportion of vibration disease (VB) in the structure
of occupational diseases was 20-25% from 1970 to
1979. In the period from 1980 to 1989, cases of VB were
not recorded. Since 1990, an increase in the incidence
of VB was noted: from 4% in 1990-1994 to 35.8% in
2005-2009. Over the following 10 years, i.e., 2010-2019,
the proportion of cases of VB returned to the level of
19.8-25.5%.

It is important to note that in the structure of the oc-
cupational pathology of workers of a uranium mining
enterprise, cases of malignant neoplasms (MNs) were
regularly detected (with the exception of 1970-1974).
Respiratory pathology prevailed among MNs (lung can-
cer — most of all).

The proportion of MNs was no more than 0.6% of cases
in the structure of occupational pathology in the Russian
Federation over the past 15-20 years. However, in the case
of uranium miners, MNs was at least 5-6%. In some peri-
ods, this figure reached 29.8—-38.4% of cases (1995-2004).
Malignant neoplasms are mainly represented by cases of
lung cancer (94 cases, 81.7%) and some variants of hemo-
blastosis (21 cases, 18.3%).

Between 1989 and 2019, in the Russian Federation,
slightly over 1000 cases of occupational cancer were de-
tected. The data obtained indicates that cases of occupa-
tional cancer detected in uranium enterprise workers ac-
count for almost 10% of all cases of occupational cancer in
the entire country.

Since 2005, there has been an increase in the in-
cidence of diseases of the musculoskeletal system
and peripheral nervous system: the most frequently
recorded since 2010. In 2019, this figure reached more
than 60%.

Intensive morbidity rates (the number of cases per
10,000 workers) demonstrated a fairly significant increase
in the number of cases (56.3% of cases per 10,000 work-
ers in harmful working conditions). A significant spread of
occupational morbidity indicators has been established
over the years. The highest number emerges in the last 10
years, which can be attributed to increased knowledge of
medical professionals and improved diagnosis of various
forms of occupational pathology. The occupational disease
detection rate is currently the highest (66.6-69.5% of cases
per year). A feature of the morbidity rate of uranium mining
workers is the almost threefold increase in cases of vibra-
tion disease, MSS and PNS disorders, reaching 60%, in the
period of 2005-2019.

The data from the retrospective analysis of the struc-
ture of occupational morbidity of uranium mining workers
demonstrates their features in comparison with the gen-
eral structure of occupational morbidity of workers in the
Russian Federation [24]. More than a third of all cases are
occupational diseases of the peripheral nervous system
and musculoskeletal system. AlImost a quarter are sensori-
neural hearing loss. One fifth consists of vibration disease
which is comparable with previously available information
in the literature [25]. However, the frequency of develop-
ment and detection of respiratory diseases is insignificant
when compared to previously available data (more than
10% of cases) [26].

In addition, a feature of the dynamics of the devel-
opment of certain nosological forms of occupational
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pathology among uranium mining workers during the
first 10-year period analyzed was the predominance of
the number of cases of occupational respiratory dis-
eases (silicosis and chronic dust bronchitis with a pre-
dominance of silicosis). Currently, dust bronchitis due
to exposure to industrial dust is the predominant form
of occupational respiratory disease. The predominance
of cases of respiratory pathology among workers in the
first decades of the operation of the enterprise can be
explained by the fact that in the initial period a significant
proportion of workers, including underground miners,
had previously worked in underground mining facilities
in other regions of the country. As our own qualified per-
sonnel were trained, the proportion of workers exposed
to fibrogenic dust at other enterprises significantly de-
creased. This led to a change in the structure of occupa-
tional respiratory pathology.

The proportion of malignant neoplasms is rather
high (for 50 years it amounted to 10.1% of cases), be-
ing significantly higher than the national average [24].
Regular detection of cases of malignant neoplasms
(mainly of the respiratory system with a predominance
of lung cancer) deserves special attention. These figures
significantly exceed the national data and account for
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