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Abstract

To study the occupational health risks in oil and gas industry in the Russian Arctic in order to
plan and guide further occupational disease prevention programs.

We studied and analyzed the data of "Working conditions and occupational morbidity” dataset
with regard to the population of the Nenets and Yamalo-Nenets Autonomous Okrugs in 2007-
2021.

Noise (38.9%), cooling microclimate (12.3%), non-ionizing electromagnetic fields and radiation
(10.7%) were the most prevalent hazards in the oil and gas industry in the Russian Arctic.
Combined effect of two hazards was observed in 19.0% of workers. During 15 years of follow-up,
54 new cases of occupational disease were identified in 50 employees, including sensorineural
deafness (46.3%), radiculopathy (18.5%) and vibration disease (13.0%). Occupational diseases
were mainly found in harmful classes 3.1 and 3.2 (85.1%) due to outdated technological
processes and equipment design flaws (75.9%). In 2007-2021, occupational disease cases in the
oil and gas industry made 14.8% of their overall count in the region. The mean rate of
occupational morbidity was 0.426 cases / 10,000 employees, five times less than elsewhere in the
industry (1,939 cases / 10,000 employees). The risk to obtain an occupational disease otherwise
was higher compared to the oil and gas enterprises (RR=4.55; 95% CI 3.40-197.2; p<0.001).

The risk to gain an occupational disease in oil and gas production in the Russian Arctic was
lower compared to other industries. This may be due to better working conditions, but can also
result from incomplete existing diseases verification or still from some other yet unknown
reasons.
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I. Introduction

Hydrocarbon extraction is an important part of Russian economy. At present, up to 90% of
natural gas, 14% of oil and gas condensate are produced jointly in the Yamalo-Nenets
Autonomous Okrug (population 544.4 thousand people, territory 769.3 thousand km?) and Nenets
Autonomous Okrug (population 44.5 thousand people, territory 176.8 thousand km?). Such
enormous amount of material is then transported to elsewhere in Russia and other countries [1, 2].
Both regions are situated in the Russian Arctic known for harsh climate, low population density of
less than 1 person/km?2, underdeveloped infrastructure, and significant remoteness [3].

Human activity in the Arctic, including hydrocarbons extraction and transportation, is
associated with extreme ambient conditions. These hazards include general and local cooling,
geomagnetic intensity, pronounced seasonal photoperiodicity, frequent shift from cyclones to
anticyclones, low oxygen content in the air and other factors [4, 5].

Those working in the oil and gas industry demonstrate an increased risk of occupational
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disease resulting from an exposure to a range of occupational hazards, including noise, vibration,
increased labor severity and poor workplace microclimate [6-8]. Furthermore, sulfur-containing
compounds of gas and oil, such as hydrogen sulfide, mercaptans, carbon disulfide, sulfur
anhydride, sulfur dioxide and sulfur dust, attributed to chemicals of the second, third and fourth
hazard classes are a specific occupational exposure in these workers [9-11]. The combination of
occupational exposures with specific Arctic climatic conditions has been reported to increase the

prevalence of ocular, respiratory, cardiovascular, musculoskeletal diseases along with
malignancies [12-15], and to modify the rate and clinical manifestations of occupational diseases
[16]. In addition, many oil and gas employees work shifts, usually associated with chronic stress
[17].

The presented data substantiate the need for more effective health building programs for oil
and gas workers in the Russian Arctic [18, 19], including the proper and timely occupational risks
identification and management [20, 21].

II. Methods

We studied and analyzed the data of "Working conditions and occupational morbidity”
dataset with regard to the population of the Nenets and Yamalo-Nenets Autonomous Okrugs in
2007-2021 (Federal Service for Supervision of Consumer Rights Protection and Human Well-
Being). We assessed occupational risks in the oil and gas industry when comparing work
conditions and occupational disease profile with other industries in the Nenets and Yamalo-
Nenets Autonomous Okrugs in 2007-2021.

Data were analyzed using Microsoft Excel 2016 and IBM SPSS Statistics v. 22. We calculated
Student t-values for the independent groups, followed by X2 relative risk (RR) and the
corresponding 95% confidence interval (CI). Data are presented as absolute values with percent to
the overall count in the group, as well as means with their standard errors (M + m). P-values
below 0.05 were considered significant.

This study received approval from the Committee of Bioethics of the Northwest Public
Health Research Center and was conducted in accordance with the relevant guidelines and
regulations.

IT1. Results

An analysis of hygienic studies has shown that most often o0il and gas industry workers in the
Nenets and Yamalo-Nenets Autonomous Okrugs are exposed to noise, a cooling microclimate,
non-ionizing electromagnetic fields and radiation, whole-body vibration, increased labor severity
and harmful chemicals. Individual shares of other harmful factors were much smaller and did not
exceed 1.5% level. The second place in the structure of harmful factors was occupied by the
combined action of two factors, which created an increased risk of developing occupational
diseases [16]. Despite the similarity of working conditions in the two groups of employers, there
were also significant differences. Thus, in oil and gas production, exposure to noise occurred more
often, while in other sectors of the economy whole-body vibration and harmful chemicals were
more prevalent factors (Table 1). In addition, the risk of contact with harmful production factors at
enterprises in other industries was higher than in oil and gas production: RR=1.01; CI 1.01-1.02;
X2=9.69; p=0.002.

In addition to studying the workers’ exposure to certain harmful production factors, a
comprehensive assessment of working conditions at enterprises was carried out to determine their
group of sanitary and epidemiological well-being (Table 2). It was found that oil and gas industry
workers were more often employed at the facilities of the first (satisfactory working conditions)
and the second (unsatisfactory working conditions) groups, while their number was significantly
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lower at the facilities of the third (extremely unsatisfactory working conditions) group. Thus, it

was shown that working conditions in the oil and gas industry were more favorable compared to

enterprises in other sectors of the economy.

Table 1: The number of workers in contact with harmful production factors, (%)

Harmful production factor Oil and gas industry Other industries p
Noise 16190 (38.9) 12069 (22.7) <0.001
Cooling microclimate 5105 (12.3) 5917 (11.1) 0.384
l;l(;n;iao;;iaztiigrgl electromagnetic fields 4431 (107) 6333 (11.9) 0.443
Whole-body vibration 1789 (4.3) 4948 (9.3) 0.004
Increased labor severity 1721 (4.1) 3246 (6.1) 0.184
Harmful chemicals 1199 (2.9) 5211 (9.8) <0.001
Ionizing radiation 625 (1.5) 335 (0.6) 0.168
Fibrogenic aerosols 617 (1.5) 928 (1.7) 0.761
Insufficient lighting 590 (1.4) 1444 (2.7) 0.205
Infrasound 457 (1.1) 701 (1.3) 0.617
Biological agents 395 (0.9) 271 (0.5) 0.478
Increased labor intensity 301 (0.7) 1189 (2.2) 0.061
Hand-arm vibration 298 (0.7) 655 (1.2) 0,520
Combined impact of factors 7887 (19.0) 9946 (18.7) 0,953
Total 41605 (100.0) 53193 (100.0)

Table 2: Number of jobs at enterprises with different sanitary and epidemiological well-being, (%)
Sanitary and epidemiological well- . . . .
) Oil and gas industry Other industries p
being
Satisfactory (first group) 38187 (45.0) 39520 (39.0) <0.001
Unsatisfactory (second group) 43989 (51.8) 48811 (48.1) <0.001
Extremely unsatisfactory (third group) 2693 (3.2) 13132 (12.9) <0.001
Total 84869 (100.0) 101463 (100.0)

In 2007-2021, in the Nenets and Yamalo-Nenets Autonomous Okrugs, 364 new occupational
diseases were detected in 358 workers. Of these, 257 (70.6%) diseases occurred at transport
enterprises, and 54 (14.8%), that is, 4.8 times less often, among people involved in the extraction
and transportation of oil and gas. Occupational diseases were even less frequently diagnosed
among workers in other sectors of the regional economy (Fig. 1).

One nosological form of occupational disease was diagnosed in 352 (98.3%) out of 358
workers and 6 (1.7%) workers had two diseases. Of 50 workers involved in the extraction of gas
and oil, 46 (92.0%) workers were diagnosed with one occupational disease each, and four
employers had two diseases. In cases of a combination of two nosological forms of occupational
diseases, one of them was sensorineural hearing loss, and the second was radiculopathy. In 2007-
2021, the annual number of new occupational diseases among employees of oil and gas companies
varied from one to six. For other employees of the Nenets and Yamalo-Nenets Autonomous
Okrug, their number ranged from 11 to 32 cases. In both groups, there was no trend towards a
decrease or increase in the annual number of occupational diseases (horizontal trend lines in Fig.
2).
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Occupational diseases were diagnosed in workers of 13 specialties engaged in oil and gas
production and transportation. They included 16 drilling rig operators, 6 locksmiths, 4 steam
generator plant operators, 3 pipelayer operators. Workers of each of the remaining 9 specialties
were diagnosed with 1-2 diseases. In other sectors of the economy, occupational diseases more
often developed among employers engaged in air cargo and passenger transportation: 142 pilots
and 84 flight mechanics (engineers).
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Fig. 1: Occupational diseases in various types of economic activity in the Nenets and Yamalo-Nenets Autonomous
Okrugs in 2007-2021 (cases)

No significant differences were found between employees of the oil and gas industry and
other sectors of the economy in age (53.9+0.7 and 55.1+0.4 years, p=0.138) and length of service
(27.6+1.2 and 28.9 +0.5 years, p=0.318) at which occupational diseases were first diagnosed. Also,
there were no gender differences between the two groups, although only men were engaged in oil
and gas production, while women accounted for 6.5% of 308 workers in other sectors of the
economy (p = 0.064).
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Fig. 2: The annual number of newly diagnosed occupational diseases among employees of oil and gas industry and other

industries
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Special attention in assessing the risks of developing occupational diseases is given to the
study of working conditions. According to Russian legislation (Guide on Hygienic Assessment of
Factors of Working Environment and Work Load. Criteria and Classification of Working
Conditions. 2005), hygiene specialists establish a class of working conditions for each employee,
which depends on the extent to which the actual levels of harmful production factors exceed their
permissible levels (OEL). The current classification includes four classes of working conditions: 1)
optimal (<OEL); 2) permissible (<OEL); 3) harmful with the allocation of four subclasses; 4)
extreme (>OEL). The degree of excess of permissible levels for the main harmful production
factors and the corresponding classes of working conditions are presented in Table 3.

Table 3: Working condition grading classification with regard to OEL exceedance

. Harmful class (3) Extreme
Harmful production factor
3.1 3.2 3.3 34 class (4)
Chemicals 1.1-3.0 OEL | 3.1-10.0 OEL | 10.1-15.0 OEL| 15.1-20,0 OEL| >20.0 OEL
Weak fibrogenic aerosols
1.1-3.0 OEL | 3.1-6.0 OEL | 6.1-10.0 OEL | >10.0 OEL none

(OEL>2 mg/m?3)*
Whole-body vibration 6 dB 12 dB 18 dB 24 dB >24 dB
Hand-arm vibration 3dB 6 dB 9dB 12 dB >12 dB
Noise 5dBA 15 dBA 25 dBA 35 dBA >35 dBA

Note: OEL — occupational exposure limit;
* - no exposure to other types of aerosols according to the degree of fibrogenicity in this category of worker.

The methodology to define class of working conditions with regard to labor severity, labor
intensity and workplace microclimate is more complex since it is based on taking into account a
set of indicators. Labor severity grading includes dynamic and static workloads, motions
stereotype, lifting and moving weights and work posture. Labor intensity grading takes into
account intellectual, sensor and emotional loads, as well as their monotony. Workplace
microclimate assessment considers combined influence on employees of temperature, humidity,
air flow velocity and physical load intensity. As for other harmful production factors, four classes
of working conditions are also used to assess the labor severity, labor intensity and workplace
microclimate.

As our data showed, more than 80% of all cases of occupational diseases in both groups were
due to harmful production factors that corresponded to harmful classes 3.1 and 3.2. However,
class 3.1 was more prevalent among employees of oil and gas enterprises, while employees in
other industries were more often exposed to factors corresponding to class 3.2 (Table 4).

Noise occupied a leading place in the spectrum of harmful production factors resulting in the
development of occupational diseases among employees of all industries in the Nenets and
Yamalo-Nenets Autonomous Okrugs. At the same time, for workers at oil and gas enterprises, its
share approached 50%, whereas noise-related diseases dominated the structure of occupational
pathology of workers in other industries, exceeding 80%. A feature of occupational health
disorders in oil and gas industry workers was their greater etiological relationship with the labor
severity, whole-body vibration and exposure to harmful chemicals. In addition to noise, biological
(infectious) factors played a greater role in the occurrence of occupational diseases among workers
in other sectors of the economy. This was due to the presence of health workers in their ranks. It
should be noted that only in one case an occupational disease in oil and gas workers was due to
industry-specific sulfur-containing chemical compounds.

Significant differences were revealed between the structure of harmful production factors that
caused occupational diseases in oil and gas industry workers and the structure of harmful
production factors to which they were exposed at their workplaces. Thus, the share of labor
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severity among the factors causing disease development was 5.88 times greater than its share in

the structure of factors with which workers were in contact at work. A similar difference for
whole-body vibration was 3.89 times, for hand-arm vibration - 2.71 times, for harmful chemicals -
2.55 times. There were no differences between the shares of noise and weak fibrogenic action
aerosols in the structures of disease-causing factors and the factors with which contact was noted
at work. And only in the case of a cooling microclimate, the etiological significance of this factor in
causing occupational diseases was 6.47 times less than its share in the structure of all existing
harmful production factors. Not a single case of occupational disease in oil and gas industry
workers was associated with such influences as non-ionizing fields and radiation, ionizing
radiation, biological factors, infrasound, increased labor intensity and unsatisfactory lighting
parameters. The main circumstances that made possible the impact of harmful production factors
on employees of oil and gas enterprises were the imperfection of technological processes and
design flaws in equipment. The imperfection of workplaces and the imperfection of sanitary
installations created such conditions 3-4 times less often. Among employees of oil and gas
enterprises, in comparison with employees of other industries, exposure to harmful factors more
often arose due to imperfection of technological processes and imperfection of workplaces, and,
conversely, less often the cause of exposure was the design flaws of equipment (Table 4).

Table 4: Conditions and circumstances for development of occupational diseases in the Nenets and
Yamalo-Nenets Autonomous Okrugs, cases (%)

. Oil and gas . .
Indicator . Other industries p
industry
Working condition class
Class 2 2 (3.7) 3 (1.0 0.111
Class 3.1 22 (40.7) 79 (25.5) 0.021
Class 3.2 24 (44.4) 183 (57.7) 0.046
Class 3.3 6 (11.1) 40 (12.9) 0.644
Class 3.4 0 5 (1.6) 0.348
Harmful production factors
Noise 25 (46.3) 254 (81.9) <0.001
Labor severity (above permissible level) 13 (24.1) 15 (4.8) <0.001
Whole-body vibration 9 (16.7) 8 (2.6) <0.001
Harmful chemicals 4(7.4) 7 (2.3) 0.042
Weak fibrogenic action aerosols 1(1.9) 1(0.3) 0.161
Hand-arm vibration 1(1.9) 1(0.3) 0.161
Microclimate cooling 1(1.9) 1(0.3) 0.161
Ionizing radiation 0 1(0.3) 0.676
Biological (infectious) 0 22 (7.1) 0.044
Circumstances of exposure to harmful production factors

Imperfection of technological processes 21 (38.9) 64 (20.6) <0.001
Des.ign defects of machines, mechanisms and other 20 (37.0) 193 (62.3) <0.001
equipment

Imperfection of workplaces 6 (11.1) 12 (3.9) 0.024
Imperfection of sanitary installations 4(7.4) 9(2.9) 0.100
Contact with an infectious agent 0 16 (5.2) 0.088
Other circumstances 3(1.9) 16 (5.2) 0.905

Ear diseases occupied the largest share in the structure of occupational diseases in oil and gas
production workers. Musculoskeletal diseases were diagnosed 2.5 times less often, injuries and
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intoxications - 3 times less often, nervous diseases - 5 times less often. Skin and respiratory
disorders were found only in isolated cases. For comparison, in the structure of diseases in other
industry workers ear diseases were also the most prevalent, but to a much greater extent, since
their share reached 81.9%. In this group of workers, infectious diseases ranked second, so
musculoskeletal diseases, injuries and intoxications were less important than in oil and gas
industry workers. The frequency of detection of the most common nosological forms of diseases
corresponded to the structure of disease classes. A feature of oil and gas workers was a higher
proportion of radiculopathy, vibration disease, and monopolyneropathy (Table 5).

The most prevalent nosological forms of occupational diseases belonged to the categories of
ear and musculoskeletal diseases, as well as injuries and intjxications. A feature of oil and gas
industry workers consisted in a higher proportion of radiculopathy, vibration disease, and

monopolyneropathy (Table 5).

Table 5: Categories and nosological forms of occupational diseases in the Nenets and
Yamalo-Nenets Autonomous Okrugs, (%)

. Oil and gas Other
Indicator . . i p
industry industries
Occupational disease categories

Ear and mastoid process 26 (48.1) 254 (81.9) <0.001
Musculoskeletal system 11 (20.4) 16 (5.2) <0.001
Injuries, poisonings and some other consequences of 9 (16.7) 9.(2.9) <0.001
external causes

Nervous system 5(9.3) 2 (0.6) <0.001
Skin and subcutaneous tissue 2 (3.7) 3(1.0) 0.113
Respiratory system 1(1.9) 3 (1.0) 0.570
Infectious and parasitic diseases 0 22 (7.1) 0.044
Malignant neoplasms 0 1(0.3) 0.676

Prevalent nosological forms of occupational diseases

Sensorineural hearing loss 25 (46.3) 254 (81.9) <0.001
Radiculopathy 10 (18.5) 14 (4.5) <0.001
Vibration disease 7 (13.0) 7 (2.3) <0.001
Monopolyneropathy 4(74) 2(0.6) <0.001
Allergic dermatitis 2 2 (0.6) 0.047
Tuberculosis of the respiratory organs 0 12 (3.9) 0.142
COVID-19 0 8(2.6) 0.233

At the final stage of the study, the levels of occupational morbidity in two compared groups
of workers in the Nenets and Yamalo-Nenets Autonomous Okrugs in 2007-2021 were assessed. No
such information was found in the open literature, which served as the basis for the corresponding
calculations. Due to the lack of official data on the average annual regional number of employees
in the studied industries (necessary for calculating the incidence), we used the indicator of the
average annual number of employees registered at all facilities of sanitary and hygienic well-
being, that is, the number of officially employed people in the region.

According to the socio-hygienic monitoring "Working conditions and occupational
morbidity"” of the Nenets and Yamalo-Nenets Autonomous Okrugs” population in 2007-2021, the
average annual number of employees at sanitary and epidemiological welfare facilities in the oil
and gas industry amounted to 84,869 people, and at all facilities in other sectors of the economy it
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reached 101463 people. Thus, the average annual level of occupational morbidity of oil and gas
industry workers in the Arctic in 2007-2021 was established at 0.426 cases / 10,000 workers. For
persons employed in 2007-2021 in all other sectors of the economy of the region, the same

indicator was almost 5 times higher - 1,939 cases / 10,000 employees. The risk of developing
occupational disease in 2007-2021 among workers in all industries in the Nenets and Yamalo-
Nenets Autonomous Okrugs (except for the oil and gas industry) was higher than among workers
in oil and gas enterprises: RR=4.55; CI 3.40-197.2; x2=6.07; p<0.001.

IV. Discussion

The current study made it possible to establish a number of facts that deserve attention and
discussion. First of all, we hypothesized that those employed in the o0il and gas industry in the
Arctic would have increased occupational health risks. This hypothesis was based on the data
from other occupational groups employed in the Arctic with a known combination of occupational
hazards and working shifts [12, 13, 17]. Nevertheless, other studies reported lower incidence of
occupational disease in the oil and gas industry compared to that of workers of mining and coal
mines [22], including occupational hearing loss [23]. Our analysis showed that in 2007-2021,
occupational diseases were more often diagnosed in the transportation industry, including air
transportation, and the rate of occupational disease in the oil and gas enterprises was five times
lower than that of employees of other industries in the region. In addition, it was 2-5 times lower
compared to the mean rate in Russia, which ranged from 1.92 cases/10,000 employees in 2011 to
0.78 cases/employees in 2020.

We offer at least six reasons of that (from most likely to least likely):

1. Better working conditions at already developed fields (this can be proven by the better
state of sanitary and epidemiological well-being and the lower prevalence of certain harmful
production factors) compared to other industries. Occupational hazards in this industry are likely
more pronounced during mining initiation. The effect of severe climate may be most evident prior
to the stage when acceptable dwelling and accommodation conditions are set. More occupational
disease in drillers supports this explanation.

2. The widespread use of the shift work, making health disorders identification and
registration challenging, including occupational disease. Low quality of annual screening may also
contribute to that [17]. In addition, occupational diseases registration becomes impossible at a
place of employment (Nenets and Yamalo-Nenets Autonomous Okrugs), if it was diagnosed at a
place of permanent residence. These regions fail to set up a system of reliable information
exchange regarding the cases of newly detected occupational diseases among shift workers.

3. The employees, especially those working shifts, prefer to conceal the signs of occupational
disease with the purpose to keep a better paid job in the Russian Arctic. This may be even more
relevant in a period of deterioration in the economy.

4. Insufficient occupational diseases detection both in Russia as a whole [24] and in the
Nenets and Yamalo-Nenets Autonomous Okrugs, including that of pre-employment and periodic
medical examinations. This results in an underestimation of the reported occupational disease
incidence as compared to the real picture. Exposure assessment and occupational hygiene
procedures quality are also of great concern. It is not clear, as an example, why work-related
hearing loss is less prevalent in oil and gas industry workers with much greater exposure to noise.
Conversely, vibration disease is diagnosed more often with less exposure to the whole-body
vibration compared to workers in other industries.

5. In the course of performing work on a rotational basis, there is a natural division of
workers into those who tolerate Arctic climatic conditions well and poorly. The first group with
the initially better state of health continues to work shifts and they rarely develop occupational
diseases. The second group of workers stops business trips to the Arctic due to the deterioration of
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health. Possible occupational diseases either do not occur or are not registered at the place of
permanent residence. Thus, the phenomenon of the so-called “healthy worker” is created, when
the level of health of people working in hazardous conditions is better than the level of health of

the population as a whole [25].

6. It is possible that the shift method of performing work, in addition to the well-known
negative impact on health, also has positive aspects. So, after a 4-8 week shift in the Arctic, a
period of rest of the same duration at the permanent place of residence follows. At this time,
contact with harmful production factors is interrupted and their cumulative negative effect on the
health of the worker is not created. However, this hypothesis has no scientific evidence. In the
literature, we did not find studies on the effect of long alternating periods of labor activity in
harmful conditions with periods of rest in favorable conditions on the development of
occupational diseases.

Given the harsh climatic conditions of the Arctic, the one would expect cooling microclimate
to explain a large fraction of occupational disease in the studied group, which, however, remained
as low as 1.9%. However, cold is usually considered a leading stressful factor for people living and
working in the Russian Arctic. Cooling, both general and local, results in a decrease in physical
and mental performance, disrupts movement coordination and the ability to perform precise and
complex operations, promote musculoskeletal complaints and diseases [26, 27]. Apparently, an
inadequate assessment of the impact of cold on workers in the Arctic is due to the lack of hygienic
standards for the microclimate of open work areas.

Study limitations. No full data on the real incidence of occupational diseases in the oil and
gas industry personnel in the Russian Arctic may be a limitation of this analysis. This
underestimation occurs when workers prefer to conceal their signs and medical conditions, when
shift work is widely used and when the diseases verification is limited at the periodic screening.

V. Conclusion

In 2007-2021, noise was a major health risk for those working in oil and gas industry in the
Russian Arctic, most often causing sensorineural deafness (46.3% of all occupational disease
cases). The level of occupational morbidity (0.426 cases / 10,000 employees) in oil and gas industry
workers was lower than that of workers in other sectors of the region's economy, as well as official
all-Russian indicators. On the one hand, this may be due to better working conditions, on the other
hand, can also result from incomplete diagnosis and registration of existing diseases or still from
some other yet unknown reasons.

References

[1] Kazanin, A.G. (2019). Strategic Priorities and Challenges of the Russian Arctic Zone' Oil
and Gas Industry: The Nenets Autonomous District' Case. Prostranstvennaya Ekonomika, 15 (2): 169-
185. doi: 10.14530/se.2019.2.169-185.

[2] Safonova, T.Yu. (2020). Prospects for Russian oil and gas production in the Arctic: from
collapse to development. Kreativnaya ekonomika, 14 (10): 2569-2590. doi: 10.18334/ce.14.10.111085.

[3] Zemskov, V.V., Prasolov, V.1, Khudyakov, D.S., Kanashina, A.I,, Timofeev, E. A. (2022)
Assessment of the contribution of the Arctic zone to the economic development of the country.
Finance: Theory and Practice, 26(2): 160-174. doi: 10.26794/2587-5671-2022-26-2-160-174

[4] Chashchin, V.P., Gudkov, A.B., Popova, O.N., Odland, ]. O, Kovshov, A.A. (2014).
Description of main health deterioration risk factors for population living on territories of active
natural management in the Arctic. Human ecology, 1: 3-12

[5] Korchin, V.I, Korchina, T.Ya., Ternikova, E.M., Bikbulatova, L.N., Lapenko, V.V. (2021).
Influence of climatic and geographical factors of the Yamalo-Nenets Autonomous Okrug on the

408


http://doi.org/10.18334/ce.14.10.111085

Sergei Syurin, Aleksei Kizeev RT&A, Special Issue Ne 4 (70)
OCCUPATIONAL HEALTH RISKS IN OIL... Volume 17, November 2022

health of the population (review). Zhurn. medical biol. research., 9 (1): 77-88. doi: 10.37482/2687-
1491-Z046.

[6] Witter, R.Z., Tenney, L., Clark, S., Newman, L.S. (2014). Occupational exposures in the oil
and gas extraction industry: State of the science and research recommendations. Am. J. Ind. Med.,
57(7): 847-856. doi: 10.1002/ajim.22316.

[7] Glass, D.C., Wood, E., Del Monaco, A., Sim, M.R. (2016). Cohort Profile: Health Watch - a
30-year prospective cohort study of Australian petroleum industry workers. Int. |. Epidemiol., 45(3):
700-706. doi: 10.1093/ije/dyv121.

[8] Syurin, S.A., Kovshov, A.A., Gorbanev, S.A. (2019). Working conditions in the Arctic gas
and oil producing region. Med. Tr. Prom. Ekol., 12: 989-994. doi: 10.31089/1026-9428-2019-59-12-989-
994

[9] Holder, C., Hader, J., Avanasi, R., Hong, T., Carr, E., Mendez, B., Wignall, J., Glen, G,,
Guelden, B., Wei, Y. (2019). Evaluating potential human health risks from modeled inhalation
exposures to volatile organic compounds emitted from oil and gas operations. Sci. Total Environ.,
657:187-199. doi: 10.1080/10962247.2019.1680459.

[10] Garcia-Gonzales, D.A., Shonkoff, S.B.C., Hays, J., Jerrett, M. (2019). Hazardous Air
Pollutants Associated with Upstream Oil and Natural Gas Development: A Critical Synthesis of
Current Peer-Reviewed Literature. Annu. Rev. Public Health, 40: 283-304. doi: 10.1146/annurev-
publhealth-040218-043715.

[11] Field, RA, Soltis, J, Murphy, S. (2014). Air quality concerns of unconventional oil and
natural gas production. Environ. Sci. Process Impacts, 16(5): 954-69. doi: 10.1039/c4em00081a.

[12] Gimranova, G.G., Bakirov, A.B., Shaikhlislamova, E.R., Karimova, L.K., Beigul, N.A,,
Mavrina, L.N. Diseases of the musculoskeletal and peripheral nervous systems in oil workers
under conditions of combined exposure to vibration and the severity of the labor process. Gig.
Sanit., 96 (6): 552-555. doi: 10.18821/0016-9900-2017-96-6-552-555.

[13] Ikonnikova, N.V. (2017). Morbidity of gas-transport company workers, and measures to
reduce it. Med. Tr. Prom. Ekol., 9: 83-4.

[14] Yeoman, K., Sussell, A., Retzer, K., Poplin, G. (2020). Health Risk Factors Among Miners,
QOil and Gas Extraction Workers, Other Manual Labor Workers, and Nonmanual Labor Workers,
BRFSS 2013-2017, 32 States. Workplace Health Saf., 68(8): 391-401. doi: 10.1177/2165079920909136.

[15] Onyije, F.M., Hosseini B., Togawa K., Schiiz J., Olsson, A. (2021). Cancer Incidence and
Mortality among Petroleum Industry Workers and Residents Living in Oil Producing
Communities: A Systematic Review and Meta-Analysis. Int. . Environ. Res. Public Health, 18(8):
4343. doi: 10.3390/ijerph18084343.

[16] Syurin, S.A., Kovshov, A.A. Working conditions and risk of occupational pathology at
enterprises of the Arctic zone of the Russian Federation. Human ecology, 10: 15-23. doi:
10.33396/1728-0869-2019-10-15-23.

[17] Korneeva, Y, Simonova, N. (2020). Job stress and working capacity among fly-in-fly-out
workers in the oil and gas extraction industries in the Arctic. Int. |. Environ. Res. Public Health,
17(21): 7759. doi: 10.3390/ijerph17217759.

[18] Ravdugina, T.G., Mosaleva, O.V. (2014). Organizational structure of medical support for
employees of gas processing enterprises using the example of the enterprise “Gazprom
Pererabotka”. Health care of Russian Federation, 58 (4): 25-29.

[19] Ershov, E.V., Babenko, AL, Ponich, E.S., Khasnulin, V.I. (2008). The system of monitoring
the health of workers in the gas producing enterprise in the Far North. Bulletin of the Siberian
Branch of the Russian Academy of Medical Sciences, 130 (2): 57-62.

[20] Lesnykh, V.V, Kashirin, A.B, Suvorova, O.5, Ivenkov, S.G. (2017). Analysis of modern
approaches to the assessment of occupational risk in the gas industry. Gas industry, 9: 128-134.

[21] Khamidullina E.A., Chemyakin A.V. (2018). Predictive assessment of health damage risk
as a result of professional activity in oil production. XXI Century. Technosphere safety, 3 (2): 108-116.
doi: 10.21285/2500-1582-2018-2-108-116.

409


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tenney%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24634090
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=24634090
https://dx.doi.org/10.1002%2Fajim.22316
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=30537580
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=30537580
https://doi.org/10.1080/10962247.2019.1680459
https://pubmed.ncbi.nlm.nih.gov/?term=Garcia-Gonzales+DA&cauthor_id=30935307
https://pubmed.ncbi.nlm.nih.gov/?term=Shonkoff+SBC&cauthor_id=30935307
https://pubmed.ncbi.nlm.nih.gov/?term=Hays+J&cauthor_id=30935307
https://pubmed.ncbi.nlm.nih.gov/?term=Jerrett+M&cauthor_id=30935307

Sergei Syurin, Aleksei Kizeev RT&A, Special Issue Ne 4 (70)
OCCUPATIONAL HEALTH RISKS IN OIL... Volume 17, November 2022

[22] Gorbanev S.A., Syurin S.A. (2019). Health risks and occupational pathology during
extraction of fuel and energy minerals in the Arctic zone of Russia. Russian Arctic, 6: 42-48.
doi: 10.24411/2658-4255-2019-10068.

[23] Lawson SM, Masterson EA, Azman AS. (2019). Prevalence of hearing loss among noise-
exposed workers within the Mining and Oil and Gas Extraction sectors, 2006-2015. Am. |. Ind.
Med., 62(10): 826-837. doi: 10.1002/ajim.23031.

[24] Babanov S.A., Budash D.S., Baikova A.G., Baraeva R.A. (2018). Periodic medical
examinations and professional selection in industrial medicine. Zdorov’e naseleniya i sreda obitaniya,
5:48-53.

[25] Melentev A.V., Babanov S.A., Strizhakov L.A., Vinnikov D.V. (2021). Problems of
professional selection and the effect of the healthy worker in occupational health. Health care of the
Russian Federation, 65(4): 394-399. doi: 10.47470/0044-197X-2021-65-4-394-399.

[26] Anttonen H., Pekkarinen A., Niskanen J. (2009). Safety at work in cold environments and
prevention of cold stress. Ind Health, 47(3): 254-261. doi: 10.2486/indhealth.47.254

[27] Farbu E.H., Hoper A.C., Brenn T., Skandfer M. (2021). Is working in a cold environment
associated with musculoskeletal complaints 7-8 years later? A longitudinal analysis from the
Tromse Study. Int. Arch. Occup. Environ. Health, 94(4): 611-619. doi: 10.1007/s00420-020-01606-6.

410


http://en.russian-arctic.info/info/articles/Occupational_medicine/
http://en.russian-arctic.info/info/articles/Occupational_medicine/
https://doi.org/10.24411/2658-4255-2019-10068
https://doi.org/10.47470/0044-197X-2021-65-4-394-399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anttonen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19531911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pekkarinen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19531911
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niskanen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19531911

