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Abstract. As part of the program of nuclear power development, the Russia Federation plans to increase uranium 
production and to improve supply from existing uranium mining and milling facilities. Moreover, development of 
new uranium ore deposits is also envisaged. A corollary of these developments is the placing of a high priority on 
environmental and human health protection Special attention should be paid to assurance of health protection both 
of workers and of the public living nearby such facilities. This paper reviews the status and development of 
understanding of facilities in the Russian Federation from a regulatory perspective. 
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1. Introduction 

 
The world has entered into a nuclear renaissance epoch, and these are not simply and solely words, but 
this is a new reality. Many countries are choosing nuclear power as an effective component of their 
energy supplies, in order to develop their national economies.  The Russia Federation is among those 
countries, as “The program of nuclear power development in the Russian Federation” confirms. As 
part of this program of nuclear power development, the Russian Federation plans to increase uranium 
production and to improve supply from existing uranium mining and milling facilities. Moreover, 
development of new uranium ore deposits is also envisaged. 
 
A corollary of these developments is the placing of a high priority on environmental and human health 
protection. Special attention should be paid to assurance of radiological protection of workers and of 
the public living nearby such facilities. Much can be learned about how to achieve the necessary level 
of protection by analyzing the impact of the historic and existing uranium mining industry on human 
health and morbidity of its personnel. Such information can be obtained only under conditions of 
arrangement of special comprehensive long-term radiation health and epidemiological investigations 
using medical dosimetry registers covering rather large groups of personnel and individuals living in 
radioactively contaminated regions. This is very important, if findings of such investigations in the 
form of risk coefficients are being used as part of the scientific basis for radiation protection 
regulation. 
 
2. Lung cancer of workers at uranium mines 

 
A goal of the new work described here is to analyze findings of epidemiological investigations of lung 
cancer depending upon cumulative levels of quarziferous dust and radiation exposure due to radon 
progenies. Epidemiological investigations were performed at Zheltorechensk iron-uranium mines of 
the former USSR, where uranium ore was mined by means of explosive operations using 
hydrodedusting. 
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2.1. Materials and methods 

 
A group of miners from two uranium mines of the Zheltorechensk deposit was under observation, 
having been employed over the period from 1943 to 1961 inclusively. The group under observation 
included 2580 miners – men who had experienced underground worked for at least 3 years. The 
mortality due to lung cancer within this group was under examination until 1984. It was noted that the 
incidence likelihood of occupational lung cancer keeps after the miner termination underground 
service until the end of life. 
 
The main idea of this investigation was to make a list of the miners being observed retrospectively as a 
group of persons with their detailed description (surname, first name, second name, date of birth, and 
years of underground work) according to archived and current data stored in the personnel department 
of the mines. The group under observation included just those miners, whose vital status is known. 
Only persons departed for another region were excluded from this group. The cumulative radiation 
exposure was calculated for each miner over the whole period of his underground work at the mine.  
The tendencies of lung cancer among miners were examined using the cohort method. The personnel 
were subdivided into 5 cohorts depending upon time of the beginning of work at the mine: 1943-1946, 
1947-1950, 1951-1954, 1955-1958, 1959-1961. Fatal cases following lung cancer were registered 
according to data of civilian registry offices and to information from miners' medical cards. 112 cases 
of the lung cancer were found in the group of miners over the period of observation. All such cases 
were verified. 
 
Intensive indexes of excess mortality resulting from lung cancer have been determined. The number of 
expected cases of lung cancer among miners was determined taking into account the amount of 
person-years reached and their age structure. Age indexes of mortality of the male population not 
involved in operations at uranium mines in Zeltye Vody city were used as the control group. Excess 
mortality over different cohorts of miners was compared with levels of cumulative radiation exposure 
expressed in working level months (WLM), which is any composition of short-lived radon progenies 
in one litre of air, alpha energy of which at decay is 1.3 х 105 MeV. 
 
 
2.2. Results 
 
Figure 1 shows intensive coefficients of the lung cancer mortality over the group of miners under 
observation and over the control group depending upon the periods of observation. Mortality of this 
pathology increased with time in both groups, but its increase in the miner group is  more pronounced. 
Valid differencies in the indexes were being observed over the period 1968 - 1972. Figure 2 
demonstrates this fact, showing the excess indexes of miner mortality in comparison with control 
group. 
 
Table 1 shows a description of the miner group under control. The majority of miners began to work 
under underground conditions in 1951-1958. Cumulative radiation exposures decrease on average with 
each cohort of miners being employed later, as well as the length of their mortality observation. The 
total amount of person-years working life was 74,700. The average working life of miners under 
underground conditions ranged from from 13.2 to 15.8, according to cohort. 
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Figure 1: The lung cancer mortality of miners and the control group (male population, excluding 
miners,of Zeltye Vody city) by the period of observation (      differencies are valid p < 0.05) 
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Figure 2: Excess mortality due to lung cancer in miners by periods of observation 
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Table 1: Description of the miner group exposures by cohort 
 

Cohort Population 
size 

Cumulative 
exposure 
(WLM) 

Person-
years 

Average 
period of 
work (y) 

Follow up 
period (y) 

1943-1946 228 608 7200 13.2 42-39 
1947-1950 504 463 16100 13.4 38-35 
1951-1954 817 315 24800 15.0 34-31 
1955-1958 676 197 18200 16.4 30-27 
1959-1961 355 117 8400 15.3 26-24 

Total 2580 311(a) 74700 15.0(a) 42-24 
(a) mean value 

 
Table 2 provides some data on the miners who died of lung cáncer, by cohort. The average working 
life under underground conditions was a little lower for the miners who diad following lung cancer, 
than for the whole group of working persons. The induction-latency period of the lung cancer includes 
time of work at the mine (induction period) and time after termination of underground service before 
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the lung cancer diagnosing (latency period). Over different cohorts it corresponds to 17.8 - 27.7 years, 
being  24.6 years on average. 
 
Table 2: Data on miners dying of lung cancer, by cohort. 
 

Cohort 

Number of 
miners 
dying of 
lung cancer 
 

Average 
age at 

death, y 

Average 
total 

induction -  
latency 
period 

Average 
underground 

service, y 

1943-1946 23 60.0 27.7 13.9 
1947-1950 29 57.6 28.7 12.3 
1951-1954 33 53.7 23.3 13.3 
1955-1958 22 54.2 19.5 14.4 
1959-1961 5 49.2 17.8 11.0 

Total 112 55.9(a) 24.6(a) 13.3(a) 
(a) mean value 

 
Table 3 shows age indexes of mortality  from lung cancer for miners and the control group by age. 
Mortality indexes due to lung cancer of miners over each age group (excluding 18-29 year group) are 
higher,than in the control group. This is especially obvious in the youngest age group (30-39 years), 
and this is not likely to be related to the average age at death. The average age at death of miners was 
55.9 years, while that over the control group was 63.8. Thus an average of 7.9 years loss of life has 
been recorded for the miners. 
 
Table 3: Age related indexes of mortality following lung cancer for miners and for males of the 
control group. 
 

Age group 
Miners Control 

Index ratio Number of deaths over 104 
person per year 

18-29 - 0.09 - 
30-39 1.9 0.3 6.3 
40-49 10.2 2.3 4.4 
50-59 35.3 9.6 3.7 
60-69 127.4 26.0 4.9 

70 and more 166.8 52.5 3.2 
 
Age indexes of the lung cancer mortality obtained for the control group were used for calculation of 
the expected amount of deaths among miners in each cohort and over the whole miner group under 
observation, and then, excessive amount of deaths has been determined. Differences in amount of 
expected and actually observed cases of miner deaths following the lung cancer appear to be 
statistically significant. 
 
Ratios between observed and expected values are evidence of increasing frequency of this disease 
among miners by cohorts from 3.3 to 4.5, and over the whole miner group 4.1 times, in comparison 
with the control group. The findings obtained have permitted to calculate intensive indexes of excess 
mortality in different miner cohorts and to compare them with cumulative radiation exposures. The 
results show  a direct dependence offatal lung cancer on cumulative radiation exposure (Fig. 3). 
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Figure 3: Dependence of the excessive mortality resulted from the lung cancer of miners upon the 
cumulative radiation exposure 
 

 
 

 
 
Excess relative and absolute fatal risks resulting from the lung cancer of miners was being calculated 
according to [1]. The excess relative risk over the whole miner group was 1.0 per 100 WLM (Table 4). 
It varied by cohort: increasing as radiation exposure decreased. References[1, 2] also mention this 
special feature. The excessive absolute risk was 3.7 over 106 person-years per 1 WLM over the whole 
miner group under observation; it varied slightly over different cohorts. The excess absolute risks 
obtained within this investigation correspond generally with those dose-effect values for lung cancer 
of miners found in other studies – from 2.2 to 20 cases over 106 person-years per 1 WLM. 
 
Table 4: Excess relative and absolute fatal risks from the lung cancer of miners at Zeltorechensk 
uranium mines by cohort. 
 

Cohorts (years of 
the beginning of 

service) 

Excessive fatal risk 

Relative per 100 
WLM 

Absolute over 
106 person-years 

per 1 WLM 
1943-1946 0.56 4.1 
1947-1950 0.72 3.0 
1951-1954 0.87 3.1 
1955-1958 1.77 4.8 
1959-1961 1.99 3.6 
Mean value 1.0 3.7 

 
3. Radioecological situation and public doses nearby uranium mining facility 

 
Today, there is the only one operating uranium mining and milling facility in Russia – Priargunskoye 
production mining-and-chemical association in Zabajkalie, where uranium production is being 
maintained at the 300 tonnes of uranium per year since 2001. Innovative development of the Russian 
atomic-and-nuclear complex, both current and future, assumes that by 2020, total annual uranium 
needs will be 1.2 to 1.3 times higher. Mining of natural uranium is planned  to be increased through 
introduction of new facilities on the base of Elconsk mining deposit in Yakutia, as well as through 
development of new deposits using the method of underground leaching. 
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An objective of this work is to assess the radioecological situation and doses to the public living in the 
Octyabrsky village situated on-site the largest Russian uranium mining facility at 
Krasnokamensk.,.This is located in a uranium- and radon-containing biogeochemical province, in the 
area of tectonic activity in the Transbaikalia region of the Western Siberia, on the Russian-Chinese 
boundary. It is situated within the industrial site of the uranium mining facility, i.e., in the health 
protection zone of Priargunsk mining chemical production association. 
 
Octyabrsky village was originally founded in 1964 as a temporary settlement for geological explorers 
and construction workers. As the facilities developed, the village eventually found itself completely 
surrounded by industrial facilities. In the direct vicinity of Octyabrsky there are mining and headgear 
installations that ship out uranium ore, emergency ventilation pits and a mine water pumping station. 
Residential buildings are neighbored by waste rock dumps as well as a 48-52 million tonne capacity 
tailings dump. Another ventilation pit that removes underground mine air is located right in the middle 
of a residential zone. The main transport route to the uranium mines also runs next to the village. 
 
Considerable radon in dwellings was firstly detected in 1987. Radon concentrations registered in flats 
were comparable with its air concentration in underground openings in mines. In some rooms, the 
radon in air concentration acceptable for personnel category А (miners involved into underground 
operations) was exceeded. Measures to reduce intake of radon to the apartments (floor insulation, 
ventilation and filling-up of sub-floor spaces) have proven to be ineffective. 
 
3.1. Materials and methods 

 
The radio-ecological situation and doses to the public living in the Octyabrsky have been determined 
based on: 
 
 gamma dose rate at the area of the village, 
 contents of main natural and man-made radionuclides in environmental media and local foods, 
 radon equivalent equilibrium activity concentration in dwellings common air, 

 
Soktuy village was selected as a control site, situated beyond the mining impact area at a distance of 
40 km from Octyabrsky. The resultsobtained data serve as a basis for effective dose assessment of 
different population groups 
 
3.2. Results 

 
Gamma dose rates currently observed within the village are typical for uranium bearing areas. Inside 
dwellings, within farmlands and outdoors they are 0.09–0.4, 0.2–0.8 and 0.1–2.5 μSv/h, respectively. 
The maximum dose rate – up to 15 microSv/h – was recorded in Oktyabrsky’s northern outskirts, 
adjacent to the mine pumping station. 
 
The man-made contamination change of the village top-soil is different, depending upon natural 
occurring radioactive material (NORM). In most part of Octyabrsky, NORM specific activity, 
particularly 226Ra content in soil, is a bit higher than in the controlled area. In some streets,  the 226Ra 
specific activity in soil is 200 – 400 Bq/kg. Maximum concentrations of 90Sr and 137Cs in soil were 2.6 
and 30 Bq/kg, respectively, as in Soktuy. These values are characteristic of soils contaminated as a 
result of global fall-out. 
 
226Ra and 210Pb specific activity in local foods (milk, potato, vegetables) sampled in Octyabrsky is 
higher (in milk - up to 10 times), in comparison with those from the control village (Table 5). 
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Table 5: Average content of radionuclides in local foods from Octyabrsky and Soktuy. 
 

Food Radionuclides, Bq/kg (Bq/l) 
90Sr 137Cs 226Ra 40K 210Pb 

Octyabrsky 
Milk 0.01 0.04 0.11 50.0 0.8 

Potatoes 0.10 0.08 0.04 155.0 0.28 
Vegetables(a) 0.13 0.06 0.02 71.0 0.20 

Soktuy 
Milk 0.01 0.05 0.01 64.0 0.08 

Potatoes 0.10 0.07 0.01 190.0 0.08 
Vegetables(a) 0.14 0.07 0.02 90.0 0.20 

(a) cabbage, beets, carrots and tomatoes 
 
Radon equivalent equilibrium activity concentrations in 39% of dwellings exceed the 200 Bq/m3 

acceptable level (Fig. 4). According to sanitary norms, protective actions are to be implemented here 
to reduce the radon content, such as cellar backfilling, floor weatherproofing, and overhaul of houses. 
However, these measures appeared to be ineffective: they did not cause reduction of radon levels in 
dwellings. According to the existing legislation, should it be impossible to reduce the equivalent 
equilibrium volumetric activity from radon isotopes to below permissible levels using economically 
reasonable measures, the building or its part will no longer be used for residence. However, in a radon-
containing area like Oktyabrsky, the possibility for the equivalent equilibrium volumetric activity in 
dwellings to go up again will always exist. 
 
Figure 4: Radon equivalent equilibrium activity concentration in dwellings, % 
 

 
 
Total effective equivalent dose (excluding medical exposure) in Octyabrsky is 9.6 - 16 mSv/year for 
different public groups. Inhalation intake of radon and its progeny makes the highest 
contribution,more than 85 %. The effective dose for citizens permanently staying within Octyabrsky is 
14 mSv/year, on average (at 1.3 - 85 mSv/year acceptable range). Table 6 includes results of 
assessment of average effective doses, calculated from measurement of radon equivalent equilibrium 
activity concentration in dwellings of Octyabrsky and Soktuy villages. 
 
In one residential building, the radon content was high enough to cause the annual exposure dose to 
exceed 1 Sv/year, which demanded immediate re-settlement of the building’s residents. 
 
The average individual effective external gamma dose from all sources of ionizing radiation for the 
critical group does not exceed 2 mSv/year. The average effective internal exposure dose due to oral 
intake of NORM in Oktyabrsky (0.06 – 0.9 mSv/year) is a bit higher than the Russian average (0.05 
mSv/year). This is primarily caused by intake of 226Ra and 210Pb with locally produced foods. The dose 
caused by this factor in Oktyabrsky is seven times that in Soktuy (0.29 mSv/year versus 0.04 
mSv/year). The dose received from global fall-out radionuclides is in line with the Russian average for 
residents of rural areas, i.e. not more than 13 microSv/year. It is chiefly determined by intake of 90Sr 
and 137Cs with non-local foods. Inhaled intake of radionuclides (with dust) contributes an internal dose 
of approximately 15 microSv/year. 

>>220000  BBqq//mm33 

<<110000  BBqq//mm33 

110000--220000  BBqq//mm33 
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Table 6: Average annual individual doses caused by radon and its decay products 
 

Population group 

Octyabrsky Soktuy 

Average 
annual doses, 

mSv 

Possible 
variation 

range, 
mSv/year 

Average 
annual doses, 

mSv 

Pensioners and 
those working 
mainly indoors 

14.0 1.3 – 85.0 7.6 

Residents who 
work outside of 
the settlement 

8.4 0.82 – 52.0 4.7 

Children(a) 9.2 0.85 – 57.0 5.1 
(a) for children, a correction coefficient was used to account for differences in the volume 

of inhaled air 
 
The radiation situation in Octyabrsky is unhealthy due to impact of natural and man-made factors. The 
location of Octyabrsky within the sanitary protection zone of an operating uranium mine conflicts with 
requirements both of the Law about radiation safety and main Russian regulatory documents. The 
Federal Medical-Biological Agency issued a provision prohibiting the public from living within health 
protection zone of Priargunsk facility. Exceeding norms on radon is a case in favor of the village 
resettlement. Arrangement and performance of remedial measures of uranium mining sites will be 
needed in the future. 
 
4. Conclusion 

 
Direct correlation has been observed of uranium miner mortality due to lung cancer and the combined 
dust-radiation occupational exposure levels. On average, the observed fatal lung cancer among miners 
was 4.1 times higher than expected values, based on control group observation. The highest excess 
was registered in the youngest group of workers and the average age at death confirmed that miners 
died 7.9 years earlier than members of the control group. The excess absolute risk of miner mortality 
was 3.7 events per 106 man-years per 1 WLM, and excess relative risk was 1.0 per 100 WLMs. 
 
The radioecological situation and doses to the public living in the settlement nearby the largest 
Russian uranium mining facility in Krasnokamensk, Eastern Siberia have been analyzed. The total 
effective equivalent dose is, on average, 9.6–16.0 mSv/year for different public groups. Inhalation of 
radon and its progeny makes the highest contribution, more than 85 %. The effective dose for citizens 
permanently staying within settlement is, on average, 14.0 mSv/year (1.3–85.0 mSv/year, range). 
 
5. Regulatory and scientific outlooks 
 
Challenges continue to arise to enhance the miners’ working environment, especially to reducing lung 
exposure, and to control mining wastes effectively. Major improvements have taken place since the 
1960s but much is still to be done, both to remediate older facilities and to develop and maintain 
appropriate supervision of continuing and new operations. Epidemiological and radioecological 
examinations will be useful both for regulatory bodies and for operators to make more objective 
assessments of the existing situation in a case-by-case manner. Such assessments will help to build the 
comprehensive and well-founded basis for development and implementation of health-care, recovery 
and preventive/prophylactic measures. 
 
Having in mind the need to perform an appropriate threat assessment to determine priorities, and 
taking account ofscientific developments internationally, the following research is considered relevant 
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to the understanding and management of the environmental and human health consequences of 
uranium mining. 
 
 Although radon and its progeny are the main contributor to radiation dose in the working 

environment, external gamma radiation, thoron progenies and long-lived radionuclides from 
uranium- and thorium series (presenting in workplace air in the form of aerosols) are other 
radiation hazardous factors which can also give rise to significant (1 mSv/year) doses. Thus, 
full account of all radiation hazardous factors is very important task in the course of “dose-
effect” relationship examination in respect to miners. 

 In addition to evaluation of the lung carcinogenesis of miners, it is reasonable to quantify other 
radon-induced cancer (leukemia, kidney cancer, etc.) and non-cancer risks, with or without 
attendant exposure of either other contaminants in mines, or tobacco smoking. 

 Radio-ecological investigations are also necessary of natural radionuclides in the environmental 
media (soil, water, air, underground waters) and in manufactured foods in the regions adjacent 
to mining excavation facilities and enterprises in order to predict possible environmental and 
human health consequences. 

 Medical statistic and epidemiological health assessments of the public living in the regions 
nearby mining chemical combines is needed with retrospective analysis of malignant forms of 
lung and other types of pathology. 

 In terms of specification of quantitative relationships between the state of the environment, 
ecological, radiation parameters and the public health, development of effective health 
protection measures are needed. 

 Having in mind that ore mining and milling processes generate waste remaining at the places of 
mining in the form of tailing dumps, it is necessary to understand and measure relevant 
parameters of possible emission both of radon and other environmental contaminants, under the 
particular conditions of specific sites. 

 Development is required of radiation hygienic and ecological criteria and regulations for 
remediation of territories impacted by the uranium mining industry, including maintenance of 
operations resulting from the “uranium legacy” of the former USSR. 

 It is appropriate to perform comprehensive radiation hygienic investigations in order to record 
so-called “baseline conditions” in the areas, where  construction of new uranium mining 
enterprises is planned. 

 
It is hoped that such research can be completed in an appropriate timeframe, bearing in mind plans for 
the further exploitation of uranium. 
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