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Abstract: Over the past 10 years, the mining industry of Russia has seen a greater than three-
fold decrease in injury rates, thanks to the successful implementation of innovative labor safety
technologies. Despite this, injury levels remain unacceptably high compared to the leading mining
countries, which results in increased mining costs. For the mining areas of the Arctic Zone—unlike
other regions located in areas with a more favorable climate—the injury rates are influenced not
only by the underground labor conditions, but also by the adverse environmental factors. For the
Russian Arctic zone, the overall injury risk is proposed to be calculated as the combined impact of
occupational and background risk. In this article, we have performed correlation analysis of the
overall injury risks in regions of the Arctic zone and regions with favorable climate conditions. Using
the Kirov branch of “Apatit”, Joint-stock company (JSC) as an example, we have calculated the risks
related specifically to occupational injury rates. We have constructed the relative injury risks and
their changes over time and have developed a “basic injury rate matrix” that makes it possible to
visualize the results of the comparative analysis of the injury rates on the company’s production sites
and to determine priority avenues for improving the occupational safety and lowering the injury
rates.

Keywords: arctic zone; mining industry; mines; labor safety; occupational injury rate; risk-based
methodology; risk of injuries; injury risk diagram; correlation analysis

1. Introduction

Occupational safety remains a priority for a great number of countries. Successful
solutions to issues of labor safety and measures aimed at reducing the occupational injury
rates influence the production efficiency and the product’s cost effectiveness. Neglect or
inattention towards labor safety can lead to not only technical and economic losses, but
also to social ones [1].

Occupational safety issues are most relevant for the mining industry, in which the
majority of production facilities are classified as hazardous. If we consider the occupational
injury rate to be an indicator of occupational safety, calculated as the total number of
injuries divided by the total number of workers, then the occupational risks for the mining
industry would be 4-5 times higher than their average levels in other Russian industries.

Occupational injuries are even higher for the Arctic zone industries, where the miners
are subject to polar stress syndrome and unfavorable environmental living conditions that
result from the habitation zones being located next to the mining areas. Such conditions
include low air temperatures, high precipitation, strong winds, polar nights, lack of ul-
traviolet radiation, comparatively high air and water pollution levels, and also excessive
noise and vibration levels [2]. The polls of the Arctic zone inhabitants show interesting
results. Two age groups of the Arctic zone inhabitants participated in the sociological
survey, “youth”—whose age was between 25 and 44—as well as “the elderly”—those older

Resources 2021, 10, 20. https:/ /doi.org/10.3390/resources10030020

https://www.mdpi.com/journal /resources


https://www.mdpi.com/journal/resources
https://www.mdpi.com
https://orcid.org/0000-0002-7721-7246
https://orcid.org/0000-0002-5018-1773
https://doi.org/10.3390/resources10030020
https://doi.org/10.3390/resources10030020
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/resources10030020
https://www.mdpi.com/journal/resources
https://www.mdpi.com/2079-9276/10/3/20?type=check_update&version=1

Resources 2021, 10, 20

20f 14

than 60 years old. Regardless of age, during polar nights, 87% of the young people and
80% of the elderly reported feeling drowsy and depressed. Furthermore, 54% of the young
people and 60% of the elderly participants reported high levels of stress, and 47% and 50%
of them (respectively) reported feeling unwell. During the polar nights, 87% of young
people and 80% of the elderly reportedly suffer from excessive agitation, which leads to
insomnia. The low temperatures of the Arctic zone were difficult to tolerate for 60% of
the young people and 80% of the elderly. Additionally, 20% of the young people and 50%
of the elderly reportedly feel the changes in atmospheric pressure. Taken together, these
negative environmental factors cause irreversible changes to people’s mental and physical
conditions, which leads to increased injury risks compared to other regions of Russia.

These high injury risks inhibit exploration of the Arctic zone’s mineral deposits, which
are strewn across an area of 3.1 million sq. km—18% of Russia’s total area [3].

As per the annex to the Decree of the President of Russian Federation No. 296
dated 2 May 2014, the land area of the Arctic zone includes: Murmansk region, Nenets
Autonomous Area, Chukotka Autonomous District, Yamalo-Nenets Autonomous District,
Komi Republic, Republic of Karelia, Sakha Republic (Yakutia), Krasnoyarsk Territory,
Arkhangelsk Region, and the lands and islands located in the Arctic ocean as specified
by the Decree of the Presidium of the Central Executive Committee of the USSR (dated
15 April 1926) “On declaring the lands and islands of the Arctic oceans the territories of the
Union of Soviet Socialist Republics” and other USSR acts [4] (Figure 1).

Arctic Ocean

Bering Sea

Barents Sea
Kara Sea
&

o,
i Sea of Okhotsk

Figure 1. The Arctic zone of the Russian Federation. I —Murmansk region; 2—Republic of Karelia; 3—Arkhangelsk region;
4—Nenets Autonomous Area; 5—Yamalo-Nenets Autonomous District; 6—Krasnoyarsk Territory; 7—Sakha Republic
(Yakutia); 8—Chukotka Autonomous District; 9—Komi Republic (as part of Vorkuta City District).

The Arctic zone accounts for 90% of Russia’s nickel and cobalt production, 60%
of copper, over 96% of platinum metals, and around 80% of natural gas and 60% of oil
production (Figure 2). When it comes to reserves of hydrocarbons, the zone’s share becomes
even larger. The Arctic shelf could be considered a strategic reserve for strengthening
Russia’s resource security [4-6].

Efficient development of natural resources is impossible without proper labor safety
standards having been implemented in mining enterprises, some of which incorporate
multiple companies (i.e., vertically integrated companies).

Injury prevention and occupational disease and illness prevention have been the
topic of many studies by Russian and foreign scientists [7-10]. Importantly, when it
comes to risk assessment, Russian methodology involves the use of qualitative indices that
characterize various risk types (personal risk, collective risk, economic risk, expected value
of damages) [11].
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Figure 2. Share of the Arctic zone’s mineral deposits in the total of Russia’s mineral reserves.

In Finland, for instance, the Elmeri method of occupational safety assessment [12]
has become widely used. This method allows for the determination of the likelihood
of occurrence of conditions leading to injury or occupational diseases. It is based on
observations on labor safety aspects, such as how orderly the workplaces are, how safe
the machinery exploitation is, what personal protection equipment the workers use, how
ergonomic the work processes are, and what the labor hygiene and sanitation practices
are. All of these components are categorized into seven item groups: safety behavior, order
and tidiness, machine safety, industrial hygiene, ergonomics, walkways, and first aid and
fire safety. Each group is rated from “bad” to “good”. “Good” means the group meets the
minimal legal requirements and is in line with positive safety practices of the company in
question. The Elmeri index is calculated as a ratio of the “good” scores to the total number
of item groups, and it ranges from 0 to 100. As such, a score of 60% indicates that a potential
injury risk from non-compliance with the occupational safety standards equals 40%.

The Canadian Centre for Occupational Health and Safety (CCOHS) permits use of
different methods for occupational safety assessment. The priority in each case is to select
the most suitable method. The organization provides an approximate step-by-step guide
for risk assessment [13,14]. Based on it, they have developed forms that make it possible
to properly document procedures and decision-making processes. However, it must be
noted that, despite the existence of a sizeable body of work (by both national and foreign
scientists) related to the matter of occupational safety assessment, the issue of injury risk
assessment with the subsequent selection of priority avenues for lowering the risk levels
remains understudied.

The methods of risk assessment such as FMEA (Failure Mode and Effects Analysis),
HAZQP (Hazard and operability studies), and FTA (Fault Tree Analysis) are used in the
USA. The HAZOR method, for example, is a risk assessment procedure consisting of
the process of detailing and identifying operational disturbances and malfunctions of the
equipment as well as a process, a production unit or a system resulting in some undesirable
consequences [15]. Similar risk assessment procedures are applied in countries such as
Sweden and Norway [16].

A similar standard for determining the risk of occupational injuries was used in the
research by Russian scientists [17]. These studies are based on correlation analysis of the
assessment of occupational injury risks. However, they do not take the features of the
Axrctic zone of Russia into full consideration. The methodology proposed differs from the
known ones as it considers the impact of the adverse environmental factors on the risk
of injuries and also includes an additional indicator—the average risk of injuries for the
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period under consideration, allowing for a more complete description of the comparative
dynamics of occupational injury risk rates.

The versatility of the proposed methodology for assessing the risk of occupational
injuries and determining priority directions for its reduction makes it possible to extend
this methodology for use in other mining enterprises located in different climates and
characterized by various mining and engineering conditions.

However, it should be noted that despite a significant number of studies (by both
domestic and foreign scientists) related to the issue of assessing labor safety for various in-
dustries, the problem of assessing the risk of injuries in the Arctic zone with the subsequent
selection of priority areas for its reduction has not been fully studied.

The correlation analysis of published statistical data characterising occupational safety,
both in the regions of the Arctic zone and in the specific company, as an example, the
mining areas of the Kirov branch of “Apatit”, JSC is considered to be an advantage of the
risk-based methodology proposed in the paper.

The fatal injury risk indicator has been used to conduct a comparative analysis of
accidents in the industries of the countries located in areas with a climate similar to that of
the Arctic zone of Russia (Figure 3) [18].
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Figure 3. Fatal injury risk for different countries.

The data presented in the figure indicate that the highest fatal injury risk is evident for
the Arctic zone of Russia, which stresses the importance of studying this issue, specifically
for the Russian Federation.

However, the risk also remains high for other countries. As a result, the risk-based
methodology for determining priority directions for reducing the occupational injury rate
will be useful for other countries with a similar climate.

The present study owes its relevance to the existing need to decrease the occupa-
tional injury rates in the mining industry of Russia’s Arctic zone, which helps optimize
investments in occupational safety.

The goal of the present study is to provide a risk-based approach for selecting priority
directions for occupational injury risk prevention in the mining industry of the Arctic zone.

The practical significance of the study lies in the development of an occupational risk
assessment methodology that takes into account the background risk levels in calculations
of injury rates caused by labor conditions. The proposed methodology also determines the
relative and absolute shifts in occupational injury risk levels. The “basic injury rate matrix”,
built based on these parameters, allows for the visualisation of the correlation analysis of
injury rates in vertically integrated companies and facilitates selection of priority avenues
for lowering the injury rates and improving occupational safety.

We use the injury risk level—calculated as the ratio of the injury rate to the total region
population number—as a primary indicator of labor safety.
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To exemplify the use of the developed methodology, we use it to assess the situation
at the mines of the Kirov branch of “Apatit”, JSC (located in Murmansk), which belongs to
the Arctic zone as per the Decree of the President of Russian Federation No. 296 dated 2
May 2014 [19].

2. Materials and Methods

Methods for selecting priority avenues for lowering the injury rates at the facilities of
the Arctic circle are an important basis for occupational safety. The development of mineral
resources of the Arctic zone has been a priority for Russia and the global community. The
human factor becomes one of the main factors of efficiency in the extreme environmental
conditions of the Arctic. When it comes to Russia, the problem is exacerbated by the fact
that the vast and resource-filled territory of the Arctic zone is only populated by slightly
over 2 million people, which necessitates attracting rotational workers from other regions.

The adverse environmental conditions of the Arctic zone, paired with the difficult
labor conditions for the miners (such as polar nights, excessive noise and vibration levels
and other), lead to the injury risks being higher compared to regions with more favorable
conditions. In order to reduce the injury risks, the occupational health and safety systems
at mining facilities need to be constantly improved upon, and the first step of this process
is the assessment of labor safety conditions [20-22].

The results of the occupational safety assessment allow for the selection of priority
directions for reducing the occupational injuries (Figure 4).

Determination of the structure of injury risks for the regions of the
Arctic zone

L 4

Calculation of injury risks for the conditions of a specific mining
vertically integrated company and enterprises included in their
structure, and their dynamics during a representative period of their
work

k J

Calculation of the relative values of the average risk of injury and the
rate of its change for the enterprises of the company in comparison with
similar indicators for the company as a whole

!

Plotting in the intervals of change in the values of the average risk of

injury and the rate of its change, which characterize a mining company,
the basic matrix of injuries

'

Establishing the relative level of injuries at enterprises of a vertically
integrated company for the considered period of their work

L J

Selection of company enterprises that need priority funding for injury
reduction measures

Figure 4. Algorithm for selecting priority avenues for reducing the injury rate.
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The first step in the selection is to determine the risk structure (Figure 5). The overall
risk—aside from its occupational component, which is determined by labor conditions—
includes background risk, which is determined by the unfavorable ecological situation and
the adverse environmental effects such as harsh climate conditions, high precipitation, low
air temperatures, strong winds, polar nights, polar days, and lack of ultraviolet radiation.
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Figure 5. Injury risk diagram for the Arctic region.

To calculate the overall risk of injuries in the Arctic regions of Russia, we used official
statistical data [23]. Figure 6 illustrates the calculation results.
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

= Chukotka Autonomous Region (M=0.54; SEM=0.03)
= (Yakutia)The Sakha Republic (M=0.53; SEM=0.03)
Yamalo-Nenets Autonomous District (M=0.52; SEM=0.03)
——Murmansk Region (M=0.47; SEM=0.03)
= Arkhangelsk Region (M=0.44; SEM=0.04)
Nenets Autonomous Area (W=0.25; SEM=0.05)
——Komi Republic (M=0.44; SEM=0.03)
=—Krasnoyarsk Territory (M=0.4; SEM=0.03)

Figure 6. Overall injury risk for the Arctic zone.
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In general, the injury rate in the Arctic zone displays a decade-long downward trend.
The only outlier in this case is the Chukotka Autonomous District, where we see an increase
of 22%.

Figure 6 shows that the linear correlation dependencies of injury rates on time are
characterized by the correlation coefficient of over 0.75 and have individual regression
coefficients that determine the trends in injury rates over the 10-year period. For each
linear correlation dependence of the injury risk for the regions of the Arctic zone, the mean
value (M) was calculated, which describes the central trend, and the standard error (SEM)
indicating the accuracy of the average value calculation was computed.

Figure 7 shows the main causes of occupational accidents for the Arctic zone of Russia.
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Figure 7. Causes of accidents for the Arctic zone.

As shown in Figure 7, the highest risk of accidents relates to poor management, viola-
tions of labor procedures as well as employees’ misconduct and unsatisfactory maintenance
of workplaces. The listed causes of accidents are organizational due to the insufficient
professional training of employees, as well as their low motivation to follow the safety
regulations at work.

At the core of the procedure for determining the risk structure lies the assumption
that the overall injury risk is the result of the combined effects of two types of risk: the
overall risk for the territories of the Arctic zone (Rgn ¢ ), which is calculated based on the
average risk for Russia (Rrpav,), and the risk determined by the external factors, stemming
from the territories themselves (Rgxt.c.)-

In turn, the overall injury risk for the mining enterprises (R 1+,) is calculated based
on the value of Rgxtc, and the risk stemming from the individual company’s operations
(R1.A.). Risk analysis of the occupational injury rates at the mining enterprises pre-supposes
that the risk structure for them is identical to the one for the corresponding territory.

The equations linking these risks are based on the addition law of probability and can
be written as follows [24,25]:

ReNt. = Rrrav. + Rext.c. — RRRav."RExT.C. (1)

Rmit= = Rextc. + Ria. — Rexr.c.-Ria. )

Knowing the overall injury risks for a given territory (Rgn.t), a given enterprise
(Rm1t.), and knowing the average risk for the Russian Federation (Rgrgay,) makes it trivial
to calculate the external risks for each territory (Rgxt.c.), as well as the injury risks (Rja.).
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Equation (1) makes it possible to represent the background injury risks for the separate
territories as follows:

Rext.c. = (REnt. — Rrrav.)/ (1 — RRpav.) 3)

With the background risk value being known, the occupational risk for a particular
enterprise (R o.) can be written as follows (Equation (4)):

Ria. = (Rmit. — Rextc.)/ (1 — Rexrc.) 4)

The RN+, Rrrav., Rmit, and Ry s risk values were determined based on the statis-
tical data for each region for a given period, and then correlation and regression analysis
was performed.

3. Results
3.1. Results of Calculating the Occupational and Background Risks for the Arctic Zone

The results of the RN+, RRp.av. Rm1t, and Ry s risk values were determined on the
basis of statistical data for each region of the Arctic zone over the past 10 years, which were
then subjected to correlation and regression analysis—see Table 1.

Table 1. Background risks of occupational injury for the Arctic zone (10°).

Y
N 2010 2011 2012 2013 2014 2015 2016
Place

2017 2018 2019

Chukotka Autonomous

. 0077 0022 0123 0021 0325 0068 0207 0514 0397 0579
Region
The Sakha Republic 0054 0315 0235 0135 0092 0180 0136 0239 0338 0553
(Yakutia)
Yamalo-Nenets

e 0232 0206 0324 0360 0139 0070 0289 0210 0199 0321

Autonomous District
Murmansk Region 0033 0049 0306 0175 0188 0232 0110 0065 0025 0226
Arkhangelsk Region 0052 0167 0265 0141 0160 0123 0066 0012 0037  0.077
Nenets Autonomous Area 0218  0.183 0444 0635 0370 0309 0119 0181 0039 0372
Arkhangelsk Region 0241 0477 0524 0254 0328 0242 0177  0.083  0.088 0.123

without JSC

Komi Republic 0025 0056 0141 0109 0124 0120 0236 0081 0043  0.012
Krasnoyarsk Territory 0057 0134 0044 0035 0000 005 0050 0029 0013  0.004

Table 1 provides the background risk values for each Arctic zone territory, calculated
using Equation (3).

The data from Table 1 show that the background risk levels have remained practically
the same in the past decade. It should be noted that the Krasnoyarsk Territory displays
the lowest average background risk values, while the Nenets Autonomous Area has the
highest ones.

Figure 8 illustrates the relationship between background risk and injury risk for each
region, indicating that background risk has an impact on the magnitude of overall injury
risk. The results indicate that the background risks can have significant impact on the
overall injury rates. As such, the background risk accounts for 35% of the overall risk in
the Nenets Autonomous Area and for over 30% in the Chukotka Autonomous Region and
the Sakha Republic (Yakutia).

Thus, by determining the risk structure, we can elucidate the relations between its
determining factors, and whether they are controllable or uncontrollable [26].
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Figure 8. Share of the background risks and occupational risks in the overall injury risks.

The controllable factors in this case are the factors linked to the enterprises’ operations,
and the uncontrollable ones comprise the external conditions determined by the environ-
ment (such as air pollution), placement of workers” habitations, length of the polar day and
night, intensity of the UV radiation, location of the facilities, weather conditions, etc. The
external conditions affect the mental and physical states of the workers.

3.2. The Specifics of Determining the Priority Directions for Reducing Injury Rates at the Kirov
Branch of “Apatit”, JSC

We use the vertically integrated Kirov branch of “Apatit” (based in Murmansk) as
an example subject for our methodology. The company incorporates the following: the
United Kirovsky mine, the Rasvumchorr mine, the East mine, and the Central mine. The
original data used in the study were taken from the reports by the State Committee for
Supervision of Industrial and Mining Practices (Rosgortekhnadzor), the internal reports by
the Kirov branch of “Apatit”, and the reports collected by other authors [27]. The calculated
occupational risk values are presented as linear functions in Figure 9.
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25 ~

0 T - 1
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
—— United Kirovsky mine (M=1.25; SEM=0.25)
Rasvumchorr mine (M=2.47; SEM=0.33)
——— East mine (M=7.86; SEM=1.77)
Central mine (M=0.68; SEM=0.17)
——Kirov branch of Apatit JSC (M=1.17; SEM=0.11)

Figure 9. Occupational injury rates at the mines of Apatit.
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Figure 9 illustrates that all the mines of the company have seen a decrease in injury
rates over the 10-year period studied. The risk trend is described by a linear function with
the correlation coefficient exceeding 0.7, with the confidence interval being 0.95.

At the East mine, the occupational injury rate of the first few years is largely different
from the other mines’ and the company as a whole. However, by 2018, the injury rates
have become comparable to other mines’. For each linear correlation dependence of the
injury risk for the mines of the Kirov branch of Apatit, the mean value (M) and standard
error (SEM) were calculated.

The occupational risk situation at the mines is characterized by the following two
indicators: the average risk of injury (R) and the average rate of change (V) in the risk of
injury. The average rate of change in the injury risks corresponds to the linear correlation’s
regression coefficient, and the average injury risk represents the mean between the injury
risks at the beginning and at the end of the period in question [28,29]. The relative changes
in values (AR, AV) are calculated as the ratio of the average injury risk and the average
injury risk of change at a specific mine to the company-wide values.

On the basis of the data on occupational injury rates at the Apatit company from 2008
to 2018, we have calculated the occupational injury risks for the four mines [30,31].

Table 2 shows the relative changes in occupational injury risks and the rate of changes
in the injury risks (AR and AV) respectively) for the four company mines.

Table 2. Values of the relative change in injury risks (AR) and the relative change in their rates (AV) and their reciprocals

1/AV for the company mines.

N BRi BRus BRew BReow AVir BVes BVer AVewr ave 5V a0 &V
Year Kir Ras Est Cent
2009 1.998 3419 12.574  0.812
2010 1532 2.706 8.547 1.196
2011 0 2.776 12.719  0.684
2012 1.282 2.137 5.983 0.940
2013 1.538 2.307 9.052 0.812 ’ 3 16 1 05 033 0.06 1
2014 1.538 1.709 10.265  0.979
2015 1.282 2.137 6.229 0.385
2016 0.932 2137 0.427 0
2017 0.085 1.709 1.282 0
2018 0.502 0.085 0.085 0

The relative change in the injury risk rate and the relative injury risk value serve as
the basis for the “basic injury rate matrix”, where the reciprocal of the relative change in
the injury risk rate is shown on the X axis, and the relative value of risk, on the Y axis.

For the sake of clarity, the segments of the matrix that correspond to various occupa-
tional injury risks are colored differently: green means acceptable labor safety; yellow—
satisfactory; red—unsatisfactory; dark red—critical.

The matrix allows for the results of comparative assessment of occupational injury
risks at different company enterprises to be visualised and primary measures for their
reduction to be determined [32-34].

Figure 10 shows the matrix of relative change in injury risk rates for the mines of
the Kirov branch of the “Apatit” company. The results of the analysis and the calculated
average values of the changes in injury risk rates over the decade make it possible to assess
the occupational safety measures in their entirety.
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Figure 10. Matrix of the relative change in injury risk rates at the mines of the Kirov branch of “Apatit”, JSC.
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Figure 11 shows the “Matrix of changes in occupational injury risk levels over a
10-year period at the mines of the Kirov branch of “Apatit”, JSC”.

+ United Kirovsky mine
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Relative change in injury risk rate

Figure 11. Matrix of changes in occupational injury risk levels over a 10-year period at the mines of the Kirov branch of
“Apatit”, JSC.

As shown in Figure 11, over the last decade, labor safety conditions pertaining to
the occupational injury risks at the Kirov mine were satisfactory; at the Rasvumchorr
mine—unsatisfactory; at the East mine—critical; at the Central mine—between satisfactory
and unsatisfactory.

The analysis provided allows for the assessment of labor safety conditions pertaining
to occupational injury risks both over the last 10 years and during the current period of
enterprise operation [35,36].

The assessment makes it possible to determine the priority avenues for reducing injury
risk and improving occupational safety.

In conclusion, it should be noted that the article advocates the methodology of identi-
fying the enterprise with higher occupational injury rate in comparison with others within
the company as a whole based on the comparative analysis of the occupational injury rates
at specific enterprises and companies including these enterprises. The proposed methodol-
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ogy allows companies to identify the priority directions for improving occupational safety,
which will be targeted at specific enterprises.

For further research, it is useful to develop software to implement the proposed
algorithm for identifying the priority areas for reducing occupational injury rates.

4. Discussion

The proposed methods for assessing the current state of injuries and determining
priority areas for reducing occupational injuries, as well as the results obtained, are im-
portant for the prevention of injuries in the mining industry. Despite the wide spread of
this topic among domestic and foreign scientists, the proposed study most fully describes
the situation of industrial injuries in the Arctic zone of Russia, and also demonstrates the
methodology for determining priority areas for reducing industrial injuries and improving
labor safety using the Kirov branch of Apatit JSC as an example. Based on the studies, the
overall injury risk is proposed to be calculated as the combined impact of two types of
occupational risks: the occupational risk determined as an average risk for the Arctic zone
and the risk caused by the adverse environmental factors. The background risk for the
mining areas of the Arctic zone has been calculated for a period of 10 years and used to
create the occupational risk-based structure for the mining industry in the Arctic zone of
Russia. Despite the fact that the “background risk” has practically not changed during the
period under consideration, this risk has an impact on the indicator of the overall injury
risk. Thus, the determination of the occupational risk structure allows the relationship
between controlled and uncontrolled factors that have an impact on the risk of injuries
within the mining industry to be established. This is vital for the subsequent assessment of
the impact of industrial factors on the occupational injury rate.

The main advantage of the methodology employed is in providing a comprehensive
approach to the analysis of the risk of occupational injuries at mining enterprises located in
the Arctic zone of Russia, taking into account the following for the first time

- the risk structure consisting of the occupational risk related to underground labor
conditions and a “background risk” determined by the influence of the environment;

- comparative dynamics and average levels of injury risks for mining companies and
enterprises within their structure during the period under review;

- possibility of visualisation of the results obtained from the assessment of the occu-
pational injury rates at enterprises within member companies, based on the analysis
of risk matrices of occupational safety, which allows for priority directions of the
targeted occupational safety and health measures to be determined.

Based on the results obtained, the following important conclusions should be noted:

1. Determining the priority avenues for reducing the occupational injury risks is one
of the steps for optimizing financial investments strategies aimed at improving the
occupational safety at the mines of the Arctic zone.

2. The overall occupational risk levels are impacted by the background risks, stemming
from the influence of the polar stress syndrome and unfavorable environmental
conditions.

3. The ranking of vertically integrated companies by occupational injury rates should
be done according to two criteria: the average injury risk level and its rate of change
at every corporate division compared to the same indicators for the company as a
whole.

4. “The matrix of injury risks”—with colored segments signifying acceptable, satisfac-
tory, unsatisfactory, and critical injury rates—can be used to visualize the results of
the comparative analysis of occupational injury rates and to determine the priority
directions for labor safety improvement.
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