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Abstract: This article deals with the role and the place of risk-based thinking in today’s occupational
safety and health (OSH) systems used by mining companies. A brief survey on modern challenges
and pressures affecting companies, as well as on the structure of supply chains, is given. It is
demonstrated that, despite all measures and actions that are being taken, occupational injuries in the
mining sector: (a) remain a matter of serious concern and (b) should be examined and investigated
through the lens of the company’s complexity. The objective of the article is two-fold: to trace the
evolution of risk-based thinking from quality management systems towards OSH management
systems and to demonstrate how this approach can be implemented by a company performing
open-pit mining operations. The matrix method along with the Fine and Kinney’s method was used
in assessing OSH risks, and the checklist method along with a Strengths-Weaknesses-Opportunities-
Threats (SWOT)analysis was used while assessing OSH opportunities. The results of the study make
it possible to conclude that risk-based thinking incorporated into an OSH management system can
be a robust and efficient instrument for OSH planning and implementation. This article contains
an example of assessing OSH risks and opportunities for a dragline operator and also discusses the
possible ways of using the data on the OSH risks and opportunities that were identified in OSH
activities. The final part also contains comments and reflections on various risks mining companies
are facing nowadays.

Keywords: mining; supply chains; complexity; pressures; risk-based thinking; occupational safety
and health (OSH); OSH management system; occupational fatalities; OSH risks and opportunities;
open-pit

1. Introduction: Increasing Complexity of Companies and Occupational Safety and
Health Issues

Nowadays, we can observe the processes of globalization and digitalization of eco-
nomics. These processes, which are developing in line with “green economy” trends,
make the contemporary company a very complex organism. The business and operational
environment has changed considerably for the majority of organizations. One of the pecu-
liarities of this change comes from the integration of various industrial, technical, political,
economic, environmental and financial pressures, along with regulatory adjustments which
ensue from these [1–3]. As has been underlined in many studies [4–6], the sustainable
development of a company demands a continuous search for the right balance between
social, environmental and economic performances, thus forming the complexity of the
company’s structure. For example, in paper [6], several measures of social sustainability
were proposed to be incorporated in decision-making (labor equity, healthcare, safety and
philanthropy).

As was underlined in [1], the operation of sectors, which were previously relatively
autonomous and independent, became more complex as the number of stakeholders
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increased, including the advent of new technologies and interrelations between entities
that are no longer isolated and independent.

Certainly, the companies of the mining sector do not work separately from other
sectors. The term “supply chain” has become usual for both entrepreneurs and occupational
safety and health (OSH) practitioners. In general, a supply chain is governed by one
company (“focal” company). Two main types of supply chain networks are considered in
terms of OSH (Figure 1) [4,7]:

• Companies and their suppliers (supply chain)—the primary network;
• Companies linked together by contracting bonds (contracting chain)—the secondary

or supporting network.
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Both networks (see Figure 1) are affected by stakeholders (the government, nongovern-
mental organizations and customers), as well as with various pressures and incentives.
In many studies, the increasing complexity of supply chains has been marked (for exam-
ple, [8]).

Moreover, the ongoing implementation of automation, information technology (IT)
and artificial intelligence (AI) in the mining sector (centralized control of operators’ activ-
ities and road quality monitoring, autonomous mining equipment, high-precision posi-
tioning, drilling control, etc.) also contributes to the increasing complexity of companies.
Some authors speak of the “structural complexity” introduced through the heterogene-
ity of system components across different technological domains due to the increased
integration among various systems, and the “dynamic complexity” which is manifested
through the emergence of (even unexpected) system behavior in response to local changes
in environmental and operational conditions [1,3].

For example, in the study [1], we can see an example—the automation of several
processes conveys more opacity in the system, with numerous control rules and new
information technologies involved. In the study [9], we can see the discussion on the
real qualitative effects of automation—it transforms human practice and forces people
to adapt their skills and routines. Rather than reinventing or refining substitution-based
methods, the authors of [9] propose that the more pressing question on human–automation
coordination is “how do we make them get along together”.

The complexity of the focal company’s structure (internal challenge) along with
various pressures (external challenge) also transforms the style of management. In today’s
practice, a top-level manager has to address various challenges almost every working day.
This “labyrinth of challenges” gives rise to the strong desire to fix the problem at all costs
and in the shortest time. Finding the fastest solution to the “labyrinth of challenges” often
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leads to a directive style of management, which does not accept either workers’ opinions
nor any corrective action.

Functioning under various pressures (industrial, technical, political, economic, envi-
ronmental and financial), the contemporary company has to mobilize its internal capacities
in order to address the occurring challenges. In several studies, the term “functional
stupidity” is used, which may be characterized by an unwillingness or inability to mobilize
three aspects of cognitive capacity: reflexivity, justification and substantive reasoning [10].
“Functional stupidity” refers to an absence of reflexivity, a planned state of ignorance
resulting from tolerating unanswered questions and avoiding challenges to the status
quo. In terms of OSH, this may lead to workers’ not participating in activities aimed at
OSH improvements, taking OSH action that is not justified and occupational accident
investigation, which is a more formal action than focusing on detecting the root causes of
accidents.

It should be noted that even though state-of-the-art technologies and equipment
are being introduced [11], digital technologies and intelligent systems are becoming
widespread [12], and OSH training programs along with behaviour-based safety pro-
grams (safe behaviour audits) [13] and other measures [14] aimed at accident prevention
are implemented accidents that still happen in mining companies, with some of them being
fatal. Tables 1 and 2 show the official data on accidents in mining companies operating in
the European Union and Russia, respectively.

Table 1. Occupational fatalities in the mining sectors of the European Union (28 countries) 1.

Year The Number of Occupational
Fatalities (Coal and Lignite Mining)

The Number of Occupational
Fatalities (Other Mining Sectors) 2

2014 33 39
2015 18 55
2016 15 52
2017 14 34
2018 not available not available

1 Source: Statistical Office of the European Union (Eurostat): https://ec.europa.eu/eurostat/web/health/data/
database. 2 Including mining support service activities.

Table 2. Occupational accidents and fatalities in the mining sectors of Russia 1.

Year The Number of Occupational
Accidents/Fatalities (Coal and Lignite Mining)

The Number of Occupational
Accidents/Fatalities (Other Mining Sectors)

2014 8/26 2/58
2015 8/20 1/46
2016 8/56 4/39
2017 3/16 4/56
2018 5/17 4/35

1 Source: Federal Environmental, Industrial and Nuclear Supervision Service of the Russian Federation: http:
//en.gosnadzor.gov.ru/.

The in-depth analysis of occupational accidents in the mining sector of the Russian
Federation has shown that cause and effect (hazard and occupational accident) are some-
times not directly related (severe accidents and even occupational fatalities often resulted
from minor hazards—the phenomenon of so-called “accident by chance”). In the study [1],
a continuous drift to danger or failure is underlined which is almost impossible to capture
in traditional of chain-of event analyses.

In several studies, it is noted that modern events may find their origin in unforeseen
interactions between elements without visible links [1]. Additionally, in the paper [15], it is
noted that when accidents are seen as complex phenomena, there is no longer an obvious
relationship between the behavior of parts in the system (or their malfunctioning, e.g.,
“human errors”) and system-level outcomes.

These circumstances compel us to seek solutions to emerging problems in different
ways, and a systematic approach and risk-based thinking may constitute effective solutions.

https://ec.europa.eu/eurostat/web/health/data/database
https://ec.europa.eu/eurostat/web/health/data/database
http://en.gosnadzor.gov.ru/
http://en.gosnadzor.gov.ru/
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In fact, the focal company of the supply chain can take OSH action, but would not be able
to address the OSH problems alone and separately from other companies. As a response
to pressures and incentives, the majority of focal companies in the mining sector are
implementing strategic OSH policies, starting internally (company’s OSH policy, safe
operations, risk reduction, a preventative culture, etc.) and extending it to the whole chain.

The risk (effect of uncertainty on objectives) plays the core role in the systems of
management at the company level. Well-known types of risks such as market risk, actual
inflation risk, credit risk, persistency risk, process risk, catastrophe risk, reputation risk,
environmental risk, production risk, OSH risk and others form a risk media for company’s
activities and, therefore, they should be assessed and managed on a permanent basis. Actu-
ally, these risk media are a portrait of many interacting and interdependent pressures and,
in fact, the company’s success in competitive racing strongly depends on how successfully
the company addresses existing and emerging risks.

The objective of the paper is two-fold: first, to analyze the role of the risk-based
thinking approach in today’s OSH management systems, and second, to demonstrate how
this approach can be implemented in risk and opportunity assessment in the context of
OSH management at an open-pit mine. The authors do hope that the risk-based approach
may be instrumental in addressing the OSH challenge as one of the main complexities that
modern mining companies are facing nowadays.

2. Materials and Methods: OSH Management Systems and Assessment of Risks
and Opportunities

In 2011, The Organisation for Economic Co-operation and Development (OECD)
published updated Guidelines for Multinationals [16]. These recommendations provide
principles and standards for responsible business conduct in line with applicable laws
and internationally recognized standards. Changes to the guidelines include: (a) a new
human rights chapter; (b) a new and comprehensive approach to due diligence and re-
sponsible supply chain management representing significant progress relative to earlier
approaches and (c) a proactive implementation agenda to assist enterprises in meeting
their responsibilities as new challenges arise.

In our view, OSH management systems may be considered as one of the valid instru-
ments to address new challenges—i.e., new and emerging occupational risks. Occupational
safety and health are some of the most important issues for the mining industry such as
the high rates of accidents (see Tables 1 and 2 above) and occupational diseases remain se-
rious challenges that affects productivity, competitiveness and the social protection system
that includes treatment, rehabilitation and benefits provided to those who suffered from
accidents.

In recent years, many publications have appeared that are devoted to applying the
systems approach to OSH management in mining companies [17,18]. This approach is
based on the requirements stated in the following documents.

The Guidelines on Occupational Safety and Health Management Systems (ILO-OSH-
2001), developed by the International Labour Organization (ILO), provide a framework for
developing an OSH management system at both the national and organizational levels. The
guidelines are based on OSH principles that are universally recognized and were approved
by the ILO’s tripartite partners: employee, employer and state authority representatives.
This three-pronged approach aids in developing a reliable and flexible management system
and for building the foundation for a sustainable safety culture in a company. According to
the guidelines, involving employers, employees and authorities results in the continuous
improvement of a company’s OSH indicators. From a legal point of view, the guidelines
are not mandatory but they are widely used as a foundation for OSH management sys-
tems based on the plan-do-check-act Plan-Do-Check-Act (PDCA) methodology. It is also
advisable that there should be national laws and standards governing the implementation
of OSH management systems. The methodology based on the PDCA cycle allows for
continuous improvement of the company’s OSH management system. The ILO-OSH-2001
guidelines give general recommendations for developing or improving an OSH manage-
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ment system whose performance largely depends on the motivation and competence of the
company’s management. Risk assessment and management at the workplace are, in fact,
the pillars of the OSH management system as they help identify the main OSH risks for
workers and planning OSH measures in a rational way. What makes the guidelines special
is the emphasis on employee participation in OSH management as an essential element of
OSH management. In our experience, employees who work for mining companies and
are involved in OSH management (for example, in risk assessment procedures) become
strongly motivated by this process and begin to consider OSH not as a set of various rules
and instructions, but as a continuous process in the workplace that they are also responsible
for and that their health and lives depend on.

The BS OHSAS 18001:2007 standard (“Occupational health and safety management
systems—Requirements”) is, in essence, similar to the ILO-OSH-2001 guidelines. Both doc-
uments were developed based on PDCA principles and regulate risk assessment and
management procedures. A detailed comparative analysis of these two documents is be-
yond the scope of this article, we only want to note that the BS OHSAS 18001:2007 standard
does not mention the implementation of the management system being discussed at the na-
tional level as the standard developed for companies. In addition, the management model
proposed in this standard was created for integration with other management systems that
are regulated—for example, by such standards as ISO 9001:2015 [19] and ISO 14001:2015
(“Environmental management systems—Requirements with guidance for use”).

In March 2018, the new ISO 45001 standard (“Occupational health and safety manage-
ment systems—Requirements with guidance for use”) was issued [20]. When developing
this international standard, provisions were taken into account that are stated in such
documents as the BS OHSAS 18001:2007 standard, the ILO-OSH-2001 guidelines, various
national standards, international labor standards and ILO conventions. A three-year transi-
tion period was announced (until March 2021) to give companies the opportunity to have
their OSH management systems recertified as compliant with the requirements of the ISO
45001 international standard.

It is in the ISO 45001 international standard, in contrast to the ILO-OSH-2001 guide-
lines and the BS OHSAS 18001:2007 standard, that an approach based on risk-based
thinking manifests itself: the document regulates the definition and assessment of both
risks and opportunities (the ILO-OSH-2001 guidelines and the BS OHSAS 18001:2007
standard deal exclusively with risks).

(Generally speaking, the approach based on the PDCA cycle and on taking preventive
action is aimed at minimizing the occurrence of hazards and high levels of risks associ-
ated with them, thus helping overcome, to some extent, the “structural complexity” and
“dynamic complexity” of the company.)

The ISO 45001 standard describes two groups of risks and opportunities:

1. OSH risks and opportunities, i.e., risks and opportunities associated with work activi-
ties that are performed by employees, and primarily those associated with hazards;

2. other risks and opportunities for the OSH management system as a whole, such as
changes to national regulations, orders from and fines imposed by state regulatory
bodies and inspections, senior management changes, etc.

Risks and opportunities themselves, as well as processes associated with them, should
be thoroughly documented in, for example, the company’s risk assessment standard,
risk assessment registers, action plans for eliminating and minimizing risks, financing
documents connected with action plans, etc.

The concept of risk-based thinking, which was introduced by the International Orga-
nization for Standardization (ISO) in one of its quality management standards [19], is a
key factor when applying the process approach to management in a company, along with
the plan-do-check-act (PDCA) cycle. Risk-based thinking allows a company to identify
factors that can cause the results of the company’s processes and quality management to
be different from what was planned, and to use proactive problem management controls
in order to minimize negative consequences and maximize opportunities [19]. In recent
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years, the use of the approach based on risk-based thinking has expanded significantly,
extending to management areas that are not directly connected with product quality. What
proves that this approach is successful is the fact that a special standard (ISO 9004:2009)
was published [21] which regulates how this approach should be applied to management
procedures (in a broad sense) in order to ensure the sustainable development of a company.

Recent scientific papers broadly discuss the issues of risk assessment and management
and look at them from different angles. Along with previously marked studies, the
papers [22,23] cover risk issues in the context of corporate social responsibility and company
sustainability in the mining sector. The papers [24,25] demonstrate how risks can be
assessed using the checklist method applied to carbon capture and storage (CCS) projects.
The paper [26] touches upon the issues of environmental risks in mining waste management
and disposal, and the paper [27] discusses the issues of minimizing economic risks and
optimizing costs connected with OSH in the mining sector. The latest publications by the
European Agency for Safety and Health at Work (EU OSHA) give detailed descriptions
of methods for assessing and minimizing risks associated with contracting COVID-19 at
work, a virus that is described as an occupational health hazard of biological origin [28,29].

The variety of risk assessment methods being applied, which are described in detail
in the ISO 31010 standard [30], enables a researcher as well as a professional working for a
company to choose the method that is most applicable to a particular economic activity,
taking into account how qualified the top management and the user of the method are. For
example, bow-tie analysis (BTA) can be successfully used in both relatively simple models
for accident risk assessment [31] and complex software systems. RISKGATE, a well-known
Australian interactive online system, can serve as an example. It can be used to assess risks
in the coal industry [32] by identifying the key events that initiate accidents (when control
over the situation is lost) and creating the lists of causes and measures to control each
initiating event. The RISKGATE system uses the BTA model, as it is the most illustrative
and makes it possible to study the development of undesirable events (both accidents
and incidents) in a system and thoroughly analyze how they are controlled in order to
prevent or minimize their consequences. When selecting a method of risk assessment, OSH
specialists have an opportunity to get acquainted with RISKGATE at the site of the very
system (http://www.riskgate.org/).

Of course, this brief literature review does not claim to be exhaustive and mainly
shows how diverse the applications of risk assessment models can be. After all, it is
the researcher or OSH manager working for a mining company who makes the final
selection of an OSH risk assessment method and develops measures aimed at eliminating
or minimizing the risks identified.

As part of preparing for certification to comply with the requirements of the ISO 45001
standard, an assessment of OSH risks and opportunities was carried out at an open-pit
mine (the first group of risks and opportunities).

2.1. OSH Risk Assessment

The introduction of new technologies has led to a significant increase in productivity
in open-pit mining. An example of this is the leading Russian coal mining company LLC
“SUEK”—over the past ten years, the average excavator bucket capacity grew by a factor
of 1.1–3, and the average dump truck capacity grew by a factor of 1.5–2.4. Consequently,
excavation productivity grew by a factor of 1.2–2.9, and transportation productivity grew
by a factor of 1.3–3.4. (One of the subsidiaries of LLC “SUEK”, that performs open-pit coal
mining, displayed the following data: the average bucket capacity of excavators increased
from 11.9 to 21 m3, their productivity from 2267 to 7948 thousand m3/year and the average
carrying capacity of dump trucks from 89.4 to 167.5 tons. The average power of drilling
equipment during this period increased from 144 to 252 kW and the average speed of
advancement of the mining front has risen from 75 to 230 m/year [33].)

http://www.riskgate.org/
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In addition to the aforesaid analysis, it should be noted that an increase in productivity
without streamlining the production processes increases the likelihood of occupational
injuries, and the use of powerful and heavy equipment increases their possible severity.

At the preliminary stage of risk assessment, a register of accidents covering the past ten
years of the mine’s operation was analyzed and the checklist method was used to interview
the employees in order to identify the frequency of hazard occurrence when performing
production operations. In total, 72 employees representing key workers’ professions were
interviewed (bus driver, dump truck drivers, excavator operator, operator of drilling
installation, specialist in blasting operations, electrician). Hazard identification was carried
out for three possible situations:

• normal operating conditions;
• abnormal operating conditions characterized by the emergence of new hazards that

are not encountered in normal operating conditions;
• emergency operating conditions (taking into account how abnormal operation evolves

into an emergency at all stages of emergency containment and management).

Risk assessment was carried out using a combination of methods that included the
Fine and Kinney method, which grades risks by their probability of occurrence and severity
in quite simple forms understandable for all workers (Tables 3 and 4, respectively), along
with matrix method.

Table 3. Probability rating.

Hazard Occurrence Frequency/Likelihood Probability Rating, P

Less than once every 10 years/very unlikely 1
From 1 time in 10 years to 1 time a year/unlikely 2

From 1 time per year to 1 time per month/possible 3
From 1 time per month to 1 time per shift/likely 4

1 time or more per shift/almost certain 5

Table 4. Severity rating.

Consequence Severity Rating, Q

Slight injury 1
Minor injury 2
Severe injury 3
Single fatality 4

Multiple fatalities 5

Risk itself (R) was assessed using Formula (1):

R = P · Q. (1)

A matrix representation of the assessment results using cell shading for better visu-
alization can be seen in Table 5. When assessing the level (degree) of risk for each of the
hazards being analyzed, a risk matrix was used, in which the levels of probability and
severity are combined. A risk was assigned to a particular company by comparing its value
with the risk tolerance grades presented in Table 5.

Table 5. Grades of the risks assessed.

Risk Grades
1–2 3–9 10–25

Low risks 1 Tolerable risks 2 High risks 3

1 No special safety measures are required; 2 employees are given clearance if special safety measures are taken; 3

employees are not given clearance until protective measures are taken and the level of risk decreases and becomes
tolerable (yellow zone) or low (green zone).
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2.2. OSH Opportunity Assessment

Methods for assessing OSH opportunities are currently not regulated by any doc-
uments. This is why we chose a combination of methods that includes: (a) analysis of
risk assessment results, (b) interviewing the employees (workers, line managers, and top
management) and (c) SWOT analysis.

3. Results
3.1. OSH Risk Assessment Results

Based on the risk assessment results obtained in this study, risk charts were created
for a number of professions in open-pit mining (Table 6). A fragment of the risk chart for
the dragline operator, which represents the category of workers, is given as an example in
Appendix A. Table 7 displays the distribution of risk grades for categories of professions.

Table 6. Categorization of professions covered with risk charts.

Category of Professions The Number of Employees %

Workers 248 91.2
Line managers, mining support

service managers, OSH specialists 21 7.7

Top management of the open pit 3 1.1
Total 272 100

Table 7. Distribution of risk grades.

Category of Professions Low Risks Tolerable Risks High Risks
Workers 8 (3%) 54 (22%) 186 (75%)

Line managers, mining support
service managers,
OSH specialists

4 (19%) 16 (76%) 1 (5%)

Top management of the open pit 3 (100%) nil nil

Analysis of the risk charts made it possible, firstly, to detect key reasons for occupa-
tional accidents, secondly, to discover “bottlenecks” in OSH management and, thirdly, to
set up priorities in OSH action focused on the improvement of OSH conditions of workers
of the open pit. For example, by analyzing the risk assessment results and the data from
the register of accidents, the following reasons were identified for occupational injuries
sustained while operating a dragline excavator:

• personal negligence—i.e., the fact that the employee who sustained an injury did not
check the workplace for hazards before starting;

• organizational reasons (insufficient control on the part of officials over whether or not
production operations are carried out in compliance with safety instructions);

• impact from equipment (for example, situations in which a worker stands right under
an excavator bucket, or the excavator operator starts turning the machine without
giving a signal and checking first if anyone is standing near, or the excavator operator
decides to move the machine to a new location of their own will);

• reasons associated with rockfalls (discrepancy between the documents regulating
mining operations and the real working conditions in the open-pit mine; failure to
comply with the requirements stated in the documents regulating mining operations);

• reasons associated with electric shock (violations of electrical safety regulations; lack of
control over operations using high-voltage equipment; using faulty
electrical equipment).

3.2. OSH Opportunity Assessment Results

When assessing OSH opportunities, it was noted that this stage is, in fact, is an integral
part of risk management which consists of:
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• hazard identification;
• risk assessment;
• planning risk management measures;
• assessing whether it is possible to eliminate risks;
• implementing measures aimed at eliminating or minimizing risks;
• residual risk assessment.

When assessing OSH opportunities in the context of risk management, a SWOT
analysis was carried out, with the root causes of occupational injuries noted above identified
as weaknesses. An example of assessing opportunities for a dragline operator is given
in Table 8.

Table 8. Weaknesses and OSH opportunities for a dragline operator.

S
Strengths

W
Weaknesses

O
Opportunities

T
Threats

1. Personal negligence
1. An existing methodology for
conducting behavior-based
safety audits

2. Using faulty electrical equipment 2. The opportunity to quickly replace
faulty equipment

3. Lack of control over operations
using high-voltage equipment

3. Employing a worker who will be
responsible for safety monitoring

4. Discrepancy between the
documents regulating mining
operations and the real
working conditions

4. Having the documents reviewed
by an expert organization

5. Negligence on the part of the
excavator operator

5. The opportunity to take
disciplinary action and conduct
behavior-based safety audits; the
opportunity to replace the operator
with another employee

It should be noted that assessment of opportunities is not an end in itself for the
company; it is inextricably linked with risk management planning and implementation.
Table 5, presented above (which in its full form covers all the jobs at the open-pit mine),
served as the foundation for the annual OSH improvement plan.

Thus, we believe that this stage is one of the most important in drawing up plans
describing measures that will prove successful in eliminating or minimizing risks.

4. Discussion

As it may be seen, the root causes of occupational injuries listed above in many cases
have an organizational origin, resulting from complexity, which is a matter of interactions
between simple interdependent components/systems, humans, IT, etc. These interactions
create both significant uncertainties and overall opaqueness in the system, which conse-
quently makes the operator dependent on indirect information reducing his capacity of
immediate analysis and ulterior action. Consequently, the safety margin is reduced, and
the system becomes more vulnerable to accidents [1,15,34,35]. In particular, in the study [1],
it was underlined that in the context of the complexity and the functional opaqueness of the
system, it is difficult for the workers to anticipate its global behavior based on the behavior
of its components in interactions.

OSH risks and opportunities are usually assessed, as the example given above shows,
at the level of departments in a company with the participation of the OSH department.
However, risks and opportunities for the OSH management system as a whole should be
assessed at the top management level. This assessment is in progress and is being discussed
at the open-pit mine but some examples of risks can already be given:
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• changes in the price of the mineral being mined by the company, which may lead to a
decrease in spending on OSH issues;

• a shortage of qualified personnel, including experienced blue-collar workers, which
indirectly contributes to growth in the number of occupational injuries;

• legal action that is taken against the company based on the results of state inspections;
• changes to OSH regulations causing the need to make significant adjustments to the

company’s OSH management system;
• economic sanctions.

In our opinion, the risk-based thinking approach can be implemented at the level of
departments as follows: risk assessment, identifying the root causes of injuries, identifying
weaknesses, assessing opportunities to eliminate risks and planning and implementing
OSH measures.

It should also be noted that the preliminary stage of risk and opportunity assessment
did not require spending a long time training the company’s OSH professionals and senior
management, and the risks and opportunities that were revealed are currently being used
for the following purposes:

• planning measures aimed at eliminating, minimizing and managing risks;
• conducting safety training for the company’s employees;
• informing employees about hazards in the workplace;
• providing employees with personal protective equipment;
• selecting candidates for performing particularly difficult and hazardous tasks.

5. Conclusions and Final Comments

As highlighted in this article, the use of a risk and opportunity assessment allows the
researcher or OSH specialist to effectively identify “bottlenecks” in ensuring the safety
of workers, as well as to plan and implement OSH measures mainly focused on the
professional group of “workers”, which is the category of the most vulnerable employees.
The SWOT analysis method may be used as a “link” between the root causes of occupational
injuries (weaknesses) and OSH action to take (opportunities) in order to eliminate those
causes in the future. Strictly speaking, assessment of risks and opportunities should be
considered as two components of the same process within the OSH management system.

The study that was performed at the open-pit mine has demonstrated that the im-
plementation of the ISO 45001 standard at mining companies allows a more detailed
identification to be put in place and the elimination of the root causes of hazards, which
will ultimately reduce occupational traumatism.

In general, the various risks that the company is facing are affecting economic develop-
ment and productivity. In particular, OSH risks resulting in accidents and ill health are the
causes of so-called “direct” and “indirect” costs of poor working conditions. Examples of
“direct” costs are disruption to business and ongoing lost production from worker absence,
workers’ lost wages and possible costs of retraining for a different job, first aid, medical
and rehabilitation costs, insurance costs and possibly higher future premiums and costs
of compensation. Examples of “indirect” costs are costs of recruitment of replacement
worker, poorer long-term worker employability because of injury, loss of quality of life and
general welfare, lower motivation to work and workforce morale, increased absenteeism,
poorer company reputation and client and public relations and damage to the environment
(e.g., from chemical incidents) [36].

Vice versa, similar productivity benefits from good OSH conditions accrue at the
company and national levels. Moreover, several studies [36,37] show a strong correlation
between national competitiveness and the nation’s incidence rates of occupational accidents,
and the international standard on social responsibility (ISO 26000:2010) defines labor
practices as being among the seven core subjects of social responsibility. Meanwhile, the
endless competitiveness race (“do-more-and-better-with-less” paradigm [1]) especially in
the mining sector, along with impacting internal and external challenges and pressures
often results in work-related stress for both managers and workers. As was underlined in
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the published ILO manual [38], stress has many negative impacts, including circulatory
and gastrointestinal diseases, other physical problems, psychosomatic and psychosocial
problems, and low productivity. In fact, a workplace stress prevention policy should be
integrated into the overall OSH policy of the company. Solving stress problems at work is
one of the challenges to ensuring a productive and healthy working life.

These days, the mining industry has become a very complex system. This circum-
stance, of course, has very profound consequences. Accidents are becoming more global
amid the emergence of new technologies and complex relationships within and amongst
organizations. Nevertheless, most of the Russian and EU mining companies are currently
faced with the problem that the so-called “easy to tackle” causes of incidents and acci-
dents have already been eliminated (outdated equipment has been replaced with modern
equipment, technologies meet world standards, etc.). That is why highly qualified erudite
employees are required who are able to think creatively and perceive a situation in three
dimensions. At the same time, certain schemes of the “cause-effect” type only help to deal
with the situation, and do not simplify approaches. Of course, the mining industry is now
subject to systemic complication. Operators need to process a large amount of information,
which sometimes reduces their ability to make immediate conclusions and correct actions,
thus reducing the safety level. However, the “risk assessment chart” (see Annex A with the
example for the dragline excavator operator) has been designed to help “see the main thing
behind the small and insignificant” and avoid dangerous situations by means of targeted
measures.

The risk-based thinking approach to OSH management is an effective tool for planning
activities within the PDCA cycle. The implementation of this approach does not require
significant investments of money and time, and the results obtained from the assessment
of risks and opportunities can be used for various purposes in OSH management.

Nowadays, big mining companies are actively preparing for certification to comply
with the ISO 45001 requirements as they realize that the health and lives of workers
are integral components of both economic development and the preservation of human
capital [39].

The pace of scientific progress in the mining industry requires companies to constantly
apply new technologies and approaches to management. Therefore, the management
of these organizations also turns out to be more challenging due to significant uncer-
tainties created through complexity. Contemporary mining companies also fall into this
category [1,40].

In this regard, it would be appropriate to quote from the famous novel Through the
Looking-Glass, and What Alice Found There by Lewis Carroll: “You see, it takes all the running
you can do, to keep in the same place. If you want to get somewhere else, you must run at
least twice as fast as that!”.

Mining companies realize how true these words are almost every single day.
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Appendix A

Table A1. Example of the risk chart for the dragline excavator operator.

Operating
Conditions Operation Place Where the

Operation is Performed Source of Hazard Hazard Cause of Hazard Hazardous Conditions Risk Grade

Normal
Transportation of
operators to the

workplace
Bus Oncoming traffic Sustaining bruises,

injuries, fractures
The driver lost control of

the vehicle
Poor road surface

condition High

Normal Shift turnover Excavator parking area Work at height
Fall from the mounting

step as a result of
losing balance

Insecure mounting step Lack of control over
equipment health Tolerable

Abnormal Excavator maintenance Repair and
maintenance area Dust aerosol

Eye injury due to
contact with
dust aerosol

Lack of safety glasses
Strong wind; high

concentration of dust
aerosol in the air

Tolerable

Abnormal Excavator maintenance Repair and
maintenance area Naked flame

Exposure to naked
flame during
fire fighting

Unsatisfactory condition
of the fire hose

Negligence; inadequate
monitoring High

Emergency Rock excavation Work site Rope breakdown Damage to the cabin
resulting in injuries

Imperfect inspection or
replacement of the ropes

Violation of mining safety
standards Tolerable
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