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ABSTRACT

This study compares occupational incidents in the mining industries of Kazakh-
stan and Japan from 2018 to 2023. Kazakhstan’s rising workplace accidents,
particularly in coal mining, highlight deficiencies in safety management despite
adopting global standards. In contrast, Japan benefits from advanced safety tech-
nologies and stringent protocols, resulting in significantly lower incident rates.
The study analyses trends in incident types, such as falls and machinery-related
injuries, using harmonized injury classifications. Findings reveal regulatory weak-
nesses and underreporting in Kazakhstan, while Japan faces challenges with aging
infrastructure and disaster preparedness. The research emphasizes Kazakhstan’s
need to enhance legal frameworks, training, and safety culture, while Japan must
address infrastructure-related risks. Recommendations for both countries focus on
improving occupational safety systems to meet international standards, providing
key insights for policy reform in high-risk industries such as mining.
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INTRODUCTION

> The mining industry is globally acknowledged as one of the most hazardous

sectors, characterized by a significant incidence of occupational accidents and
fatalities. Workers in this industry face numerous risks attributable to the com-
plex and dynamic nature of mining operations, which frequently entail hazard-
ous environments, heavy machinery, and challenging working conditions. This
literature review synthesizes research findings from various studies to elucidate
the causes, trends, and preventive measures associated with occupational acci-
dents within the mining industry. Numerous studies have consistently under-
scored the increased risk of injuries and fatalities within the mining workforce.
For instance, Sanmiquel et al. (2018: 462; 2021: 13122) conducted an analy-
sis of occupational accidents within the Spanish mining sector and conclud-
ed that, despite advancements in safety protocols, the incidence rate of such
accidents remains disproportionately higher than in other industries. Similarly,
Stemn (2019: 151) documented a significant prevalence of injuries within the
Ghanaian mining industry, underscoring the urgent need for improved safety
measures. Cruz-Ausejo et al. (2024) reported that mining accounts for 8% of
global fatal occupational injuries. Their study aimed to identify the sociodemo-
graphic and occupational characteristics that influence injury risks. Moreover,
the review sought to ascertain the causative factors and health consequences of
such injuries in order to develop enhanced preventive strategies for the sector.
A systematic search of databases, including Scopus, Embase, and PubMed, was
performed, resulting in a total of 123 studies, of which nine met the established
eligibility criteria. The review was restricted to observational studies published
between 2010 and 2022, encompassing a variety of mining environments world-
wide. Given the limitations identified in the review, including language bias
favoring publications in English, Spanish, and Portuguese, as well as a lack
of data differentiating between fatal and non-fatal injuries, an examination of
the Asian perspective — specifically from Kazakhstan and Japan — could yield
a more nuanced understanding of occupational risks in mining. The distinctive
conditions of Kazakhstan’s mining industry, characterized by challenging envi-
ronmental and geological factors, present both obstacles and opportunities for
the integration of advanced occupational safety practices that are consistent with
international standards. Japan’s initiatives, spearheaded by organizations such
as the Japan International Cooperation Agency (JICA) and the Japan Industrial
Safety and Health Association (JISHA), seek to assist Kazakhstan’s scientific
and technical community in adopting enhanced safety protocols. Japan’s ex-
tensive experience in implementing stringent safety standards through regula-
tory frameworks and technological innovation can serve as a pertinent model
for Kazakhstan. Japanese practices frequently incorporate comprehensive risk
management strategies, regular safety training, and a systematic approach to
monitoring worker health, all tailored to minimize accidents in high-risk sectors.
For Kazakhstan, the integration of insights from Japan’s approach to managing
human and organizational factors — particularly in relation to night shifts and
irregular schedules — holds substantial relevance. These factors are particularly
pronounced in Kazakhstan’s mining regions, where extreme weather conditions
exacerbate occupational hazards. The inclusion of sociodemographic and bi-
ochemical data in occupational health research could further elucidate factors
contributing to injuries, such as cumulative fatigue, reduced concentration, and
physiological responses to high-altitude conditions. By leveraging Japanese ex-
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pertise, Kazakhstan could establish a more comprehensive occupational health
system. This system would not only prioritize physical protection measures
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but also emphasize injury prevention through regular health assessments and "7 "’

psychological support. As Kazakhstan’s scientific community adapts these ad-
vanced practices, it could significantly contribute to the reduction of incidents
within the mining sector, thereby aligning with global safety standards while
addressing local needs.

LITERATURE REVIEW

Mining accidents emerge from a complex interplay of human, equipment, envi-
ronmental, and organizational factors, thereby creating a multifaceted risk land-
scape. Human error remains a predominant causal factor, with inadequate train-
ing and inexperience significantly contributing to occupational injuries (Mirzaei
Aliabadi et al., 2019; Yasli and Bolat, 2019: 781). Notably, injuries frequently
occur early in a shift, indicating that fatigue and diminished alertness heighten
accident risks (De et al., 2020: 1124). Furthermore, equipment misuse and me-
chanical failures exacerbate these hazards. Heavy machinery, including convey-
or belts, haul trucks, and dumpers, is commonly implicated in accidents during
maintenance activities (Duarte et al., 2018: 84; 2019: 63; 2021: 21). Environ-
mental hazards — such as poor ventilation, hazardous gases, and dust — further
elevate the risk of injury. For instance, gas explosions in Chinese coal mines
(Yin et al., 2017: 173) underscore the critical need for controlling environmental
factors to enhance safety outcomes. Organizational deficiencies, including inad-
equate safety protocols, insufficient supervision, and poor risk assessment, sig-
nificantly magnify the dangers inherent in mining operations. A deficient safety
culture and organizational shortcomings significantly contribute to coal mining
accidents in China (H. Zhang et al., 2021: 247; J. Zhang, Fu, et al., 2020: 78; J.
Zhang, Xu, et al., 2020: 332; Y. Zhang et al., 2016: 189). Globally, the mining
industry consistently reports high fatality rates, rendering it one of the most
hazardous occupations (Hdmaildinen et al., 2006: 137). Accident rates in devel-
oping countries remain disproportionately elevated, primarily due to inadequate
regulatory frameworks (Takala, 1999: 640). Regional analyses indicate varying
trends: while Spain has observed a decline in mining accidents, associated risks
still exceed those of other industries (Sanmiquel et al., 2018: 462; 2021: 13122);
India encounters specific job-related hazards within the coal mining sector (Sen-
apati et al., 2020: 306); Ghana reports elevated injury rates, highlighting the
necessity for targeted research (Stemn, 2019: 151). In Kazakhstan, alarmingly
high levels of workplace accidents and occupational diseases necessitate the
implementation of improved safety practices (Abikenova, Marcelloni, et al.,
2023: 23; Yerdessov et al., 2022; Abikenova et al., 2023: 41; Taubayev et al.,
2023: 4). Advancements in data analysis are indispensable for comprehending
contemporary trends within the mining sector. The application of statistical
methods and data mining facilitates the identification of patterns and risk factors
(Noraishah Ismail et al., 2021: 105438). For instance, the observed correlation
between elevated noise levels and increased injury incidence underscores the
necessity of environmental monitoring (Shkembi et al., 2022: 35). Fostering a
robust safety culture within mining organizations is of paramount importance.
Addressing minor accidents, which can lead to significant consequences, neces-
sitates a comprehensive commitment to safety at the organizational level (Jor-
gensen, 2016: 46). Furthermore, the implementation of tailored training pro-
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furasian - grams for specific activities, such as the operation of heavy machinery, is

,Joumal - essential (Duarte et al., 2019: 63). The integration of modern equipment and

0

’ monitoring systems has demonstrated considerable potential in mitigating acci-
dent risks. Predictive technologies, such as hybrid classifiers, effectively antici-
pate coal mining accidents, thereby enhancing safety protocols (Javaid et al.,
2023: 13211). Compliance with national and international safety regulations
further strengthens risk management efforts. In Kazakhstan, stricter enforce-
ment of safety laws and the implementation of mandatory health supervision
could contribute to a reduction in accident rates (Abikenova, Aitimova, et al.,
2023: 317). Health monitoring, particularly with regard to fatigue and workload
management, represents another critical preventive measure, given the estab-
lished correlation between extended working hours and increased injury risks
(Friedman et al., 2019: 389). Mining accidents have repercussions that extend
beyond physical injuries to encompass psychological effects, including trauma
and stress. Injuries, particularly to the hands and wrists, can result in long-term
disabilities, adversely affecting both health and financial well-being (Alessa et
al., 2020: 104792). Vulnerable populations may experience heightened psycho-
logical distress; for instance, the excess mortality due to external causes among
female miners in South Africa underscores the urgent need for mental health
support (Wilson et al., 2020: 1875). Furthermore, mining accidents impose sub-
stantial economic burdens on both workers and companies. Compensation
claims highlight significant costs associated with injuries, emphasizing the ne-
cessity of preventive strategies (Heberger and Wurzelbacher, 2024: 3067). Ad-
herence to international safety standards, particularly those established by the
International Labour Organization (ILO), remains critical in fostering safer
practices across mining industries globally (Quiroz et al., 2023: 47). National
initiatives, such as strategic insurance programs in Kazakhstan, are aimed at
enhancing safety and reducing occupational risks (Smatlayev et al., 2023: 42).
Ensuring mining safety requires a multifaceted approach that integrates human,
environmental, organizational, and technological considerations, underscoring
the importance of fostering a comprehensive safety culture to address the com-
plex risk factors inherent in the industry. The mining industry is critical to the
economies of both Kazakhstan and Japan. In Kazakhstan, mining is essential for
the extraction of coal, uranium, copper, and various other minerals, positioning
the country among the most resource-rich nations globally. However, the indus-
try is characterized by elevated rates of occupational incidents. Despite ongoing
efforts to enhance safety-including the adoption of best practices derived from
compulsory occupational accident insurance frameworks of developed nations
and alignment with international standards (Abikenova, Aitimova, et al., 2023:
317; Smatlayev et al., 2023: 42) — Kazakhstan has witnessed a significant in-
crease in mining accidents, with a 45% rise in the number of victims from 2018
to 2022 (Bakishev, 2024: 109). Additionally, the high rate of underreported in-
juries, averaging 15,2:1, exacerbates the situation (Bakishev, 2024: 109). These
incidents have considerable material and social repercussions, highlighting the
urgent need for enhanced safety protocols and preventive measures (Yerdessov
et al., 2022: Taubayev et al., 2023: 4). Kazakhstan’s resource mining industry,
while being a global leader in mineral extraction, faces significant challenges
related to environmental pollution and occupational health risks. Toxic elements
present near mining sites pose serious health hazards to workers, and current
occupational health policies and insurance frameworks do not adequately ad-
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dress these risks. This deficiency raises concerns regarding the effectiveness of Eurasian

Kazakhstan’s regulations in safeguarding the mining workforce from hazardous Joumal

substances. Conversely, Japan’s mining industry, while smaller in scale, benefits
from stringent regulations and advanced safety protocols, which contribute to a
lower incidence of accidents (Molé, 2024: 955). The 14th Labour Accident Pre-
vention Plan, implemented by Japan’s Ministry of Health, Labour and Welfare
(Higuchi, 2023: 12), addresses safety concerns across diverse sectors, including
mining, with a focus on both the implementation of preventive measures and the
reduction of incidents. Nevertheless, the existing Japanese scholarly literature
tends to concentrate more on occupational accidents in sectors such as construc-
tion, public health, forestry, and transportation, reflecting the country’s sectoral
priorities, where these industries engage a larger workforce and exhibit higher
rates of incident reporting (Kawasaki and Koroki, 2018). Research indicates that
inattentiveness remains a significant contributor to occupational accidents
across various industries in Japan, including mining (Wasaki and Takahashi,
2024). Accidents associated with inattentiveness tend to increase with age, re-
flecting the demographic shift towards an aging workforce. Addressing human
error and inattentiveness through industry-specific safety measures is impera-
tive. Japan’s approach to reducing workplace accidents incorporates compre-
hensive safety measures, including proactive risk assessments, strict safety pro-
tocols, and legislative adjustments. For example, mandatory fall prevention
systems have been implemented in the construction sector to address high-risk
areas (Kawasaki and Koroki, 2018: 28). Furthermore, the Ministry of Health,
Labour and Welfare (MLHW, 2023: 15) outlines «Prevention Measures for Oc-
cupational Accidents from the Perspective of the 14th Labour Accident Preven-
tion Plan», highlighting Japan’s focus on preventing accidents, particularly
among elderly workers and women in the service sector. This plan aims to en-
sure that over 50% of enterprises implement robust fall prevention measures by
2027, reflecting Japan’s commitment to minimizing behaviour-related accidents
like falls and back injuries.

In Kazakhstan, predictive models are being explored to enhance workplace safe-
ty. Holt’s mathematical model, implemented at Kazzinc LLP, has exhibited a
notable predictive accuracy of 91.3% in forecasting workplace injuries (Ab-
dugaliyeva et al., 2024:8). By leveraging historical injury data and adapting to
changing production conditions, this model plays a critical role in refining safety
protocols and reducing occupational risks within metallurgical environments.

A statistical analysis of occupational injuries in Kazakhstan’s coal mining sector
reveals that accidents are more prevalent among workers aged 50-59 and those
with either less than one year or more than 31 years of experience (Abikenova,
Aitimova, et al., 2023: 317). Additionally, a higher incidence of injuries occurs
during nighttime shifts and winter months, underscoring the need for targeted
safety strategies tailored to these high-risk conditions.

Comparative overview of mining operations in Kazakhstan and Japan

When analysing the mining sectors of Kazakhstan and Japan, it is essential to
comprehend their geographic and industrial disparities. Kazakhstan, endowed
with an abundance of natural resources, boasts extensive coal, mineral, and rare
earth mining operations that make significant contributions to its economy. In
contrast, Japan, characterized by a scarcity of natural resources, emphasizes un-
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derground and in-situ mining methods due to land and spatial limitations. These
distinctions markedly influence the types and scales of mining operations, as
well as the distribution of the workforce. This geographic divergence under-
scores the necessity of recognizing the varying mining methodologies and their
corresponding workforce requirements across both nations.

Figure 1 illustrates two sets of data representing the number of workers em-
ployed across various types of mining in Japan (indicated by orange triangles)
and Kazakhstan (indicated by blue diamonds). The mining types included are
surface mining, underground mining, deep-sea mining, in-situ mining, placer
mining, and rare earth mining. The y-axis quantifies workforce numbers in thou-
sands. The data indicate that Kazakhstan has a larger workforce in sectors such
as surface and rare earth mining, whereas Japan is represented in sectors such as
underground and in-situ mining, albeit with generally smaller workforce sizes.

In the methodology of this study, the mining sectors in Japan and Kazakhstan
were classified into large and medium scales based on the distribution of the
workforce across various mining activities.

Figure 1. Mining Map of Kazakhstan and Japan
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The large-scale sectors in Kazakhstan, including surface and rare earth mining,

employ significant workforces, with numbers reaching up to 233,000 workers. Journal |

In contrast, Japan exhibits a concentration on medium-and small-scale opera-
tions, particularly in underground and in-situ mining, characterized by a com-
paratively smaller workforce size, approximately 20 thousand workers.

The mining industry has historically played a pivotal role in the development of
various economic sectors in Japan. In earlier periods, revenues generated from
mining activities facilitated the establishment of new manufacturing capacities in
industries such as engineering, machinery production, and metalworking. These
sectors, in turn, became integral components of Japan’s industrial base, thereby
supporting the development of the country’s economy. Despite a decline in the
number of active mines in recent decades, Japan remains a significant player in
the global metallurgical industry. Currently, the metallurgy sector in Japan is
heavily reliant on imported raw materials, such as copper and zinc concentrates.
The country contributes approximately 10% to global copper production and
around 8% to zinc production. These industries, which have evolved alongside
mining, can be regarded as foundational to Japan’s overall industrial landscape,
particularly in metallurgy, machinery manufacturing, and the electronics sector,
demonstrates a pronounced emphasis on safety and efficiency (JICA, 2024: 12).

METHODOLOGY

Building on the previously established classification of mining scales between
Kazakhstan and Japan, we adopted a comparable methodology to harmonize
occupational injury categories, thereby ensuring consistency across the distinct
reporting systems of both countries. This harmonization facilitates effective
comparisons of injury trends and addresses industrial safety priorities through a
sustainable, data-driven approach. Such a framework has the potential to inform
future policy improvements and enhance cross-border collaboration in occu-
pational health and safety standards. Given the discrepancies in categorization
between the two nations, the initial step involved identifying common injury
types. Incidents were categorized according to shared characteristics (e.g., falls,
collisions, exposure to harmful substances) with the objective of establishing
uniform categories. This approach not only aids in trend identification but also
supports the formulation of more robust, data-driven safety regulations. Further-
more, this methodology can serve as a sustainable framework for future research
in occupational health and safety, promoting cross-country collaboration and the
establishment of international safety standards.

In the provided Figure 2, the key steps are delineated into three distinct phases:
identifying commonalities in the causes of injuries, grouping incidents into har-
monized categories, and applying these categories for data standardization and
trend analysis.
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Figure 2. Phases of Harmonization and Standardization of Occupational Injury
Data
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The methodology for classifying types of fatal and non-fatal accidents in the
mining industry focuses on harmonizing data by comparing existing classifica-
tion systems from Japan and Kazakhstan. Incidents are grouped based on their
causes (e.g., falls, moving objects) and their effects (e.g., injury location), creat-
ing a unified matrix for better standardization (see figure 3). This harmonization
facilitates consistent monitoring and management of workplace safety, allowing
for targeted interventions to mitigate risks and improve worker protection across
the mining sectors of both countries.

Figure 3. Classified Harmonization of Types of Fatal and Non-fatal Accidents
in Mining Industry
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By standardizing the classifications of accidents across both countries, this study
ensures a robust comparison of incident data, allowing for meaningful trend
analysis. The harmonization of occupational injury categories paves the way
for identifying key patterns in mining safety, providing a comprehensive foun-
dation for the following results, which highlight critical differences and shared
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challenges between Japan and Kazakhstan from 2018 to 2023. These findings

will inform recommendations for improving safety protocols in both countries. Joumal

Despite the fact that mining is a critical sector that significantly contributes to
the economy, it is associated with high-risk working conditions. Monitoring
workplace accidents is essential for the implementation of effective safety meas-
ures. This report aims to identify significant changes in accident counts over
time across various mining industries in Japan from 2018 to 2023. We utilize
Chi-Square tests, ANOVA, and regression analysis to assess trends and patterns,
ensuring that all statistical assumptions are validated (see figure 4).

Figure 4. Three Methods for Analysing Statistical Mining Injuries
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In this study, a series of statistical analyses were applied to evaluate the trends
and patterns in workplace accidents over time. The Chi-Square Test was em-
ployed to determine whether the distribution of accident counts was independ-
ent of the years in which the accidents occurred. This test assesses whether the
observed frequencies deviate significantly from the expected frequencies. To
ensure the validity of the test, we confirmed that the expected frequencies were
equal to or greater than five and that the observations were independent.

ANOVA (Analysis of Variance) was used to compare the mean accident counts
across different years. This method allowed us to ascertain whether there were
statistically significant differences in the average number of accidents over time.
Prior to performing the ANOVA, we validated the assumptions of normality of
the accident count data, homogeneity of variances to ensure similar variance
across years, and independence of observations.

Statistical data on occupational injuries in Japan’s mining sector

The data from the Ministry of Health, Labour and Welfare (MHLW) for Japan
spanning the years 2018 to 2023 provides a comprehensive perspective on oc-
cupational accidents across various industries, including mining. In this con-
text, occupational accidents are defined as incidents resulting in either fatal or
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furasian - non-fatal injuries, as well as work-related illnesses that necessitate an absence of
Jeurnal - four or more days. It is noteworthy that the inclusion of COVID-19 cases signif-
icantly impacted the increase in reported incidents during 2020 and 2021, with
131,156 and 149,918 cases recorded, respectively. In contrast, data following

2022 indicates a return to pre-pandemic levels (see figure 5).

Figure 5. Total Occupational Accidents in Japan from 2018 to 2023
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Source: JISHA statistical data (2023)

The total number of occupational accidents fluctuated from 2018 to 2023, with an
overall increase evident in recent years. The most prevalent types of accidents-falls
from height, falls to the same level, and incidents involving workers caught in or
between objects—are particularly relevant to the mining and industrial sectors.
Falls from height consistently ranged between 20,620 and 21,346 incidents per
year, while incidents involving falls to the same level escalated over the years,
culminating in 36,058 incidents in 2023 (see figure 5), thereby reflecting a steady
upward trajectory. Similarly, accidents involving workers caught in or between
objects consistently demonstrated an annual average exceeding 14,000 cases, un-
derscoring the persistent risks associated with industrial machinery (JISHA, 2024:
7). The increase in total incidents, specifically during 2020 and 2021, can be at-
tributed to factors related to the pandemic. However, upon excluding COVID-19
cases from 2022 onwards, the data illustrates Japan’s industrial emphasis on miti-
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gating prevalent types of occupational hazards, particularly within sectors such as

mining. The necessity for continuous enhancement of safety measures, especially Jourmal

with regard to falls and machinery-related accidents, is underscored by the stabil-
ity of these figures despite increased regulatory efforts.

The dataset (see figure 6) concerning occupational accidents within Japan’s
mining sector from 2018 to 2023 indicates a relatively stable trend in reported
incidents, with an annual average of approximately 206 cases. Occupational
incidents were predominantly concentrated in quarrying, which accounted for
92% of total accidents. In contrast, coal mining recorded minimal accidents,
reflecting the industry’s decline in Japan, while the «other mining» category
maintained low but fluctuating rates over the years. A detailed yearly breakdown
reveals that in 2018, coal mining experienced its highest number of incidents
(6); however, from 2019 to 2020, no accidents were reported in this sector. Mi-
nor incidents reemerged between 2021 and 2023, suggesting either reduced ac-
tivity or the implementation of effective safety protocols. The quarrying sector
remained the most consistent contributor to mining-related accidents, peaking
at 201 incidents in 2021 before subsequently declining to 182 in both 2022 and
2023, likely attributable to improved safety practices. Other mining activities
exhibited minor fluctuations, with incidents varying from 10 to 17 per year.

Figure 6. Total Mining Incidents in Japan from 2018 to 2023
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furasian - The predominant causes of these accidents include falls and collapse due to un-

,Joumal - stable geological conditions, machinery-related injuries involving heavy equip-

' ment, explosions and fires resulting from gas leaks or improper handling of ex-
plosives, and exposure to hazardous substances, which can lead to occupational
diseases. Compared to all other industries, the mining sector accounted for only
0.16% of occupational incidents across Japan, a relatively low figure in contrast
to high-risk industries such as manufacturing and construction, which exhibited
significantly higher incident rates. This disparity underscores the comparatively
reduced risk associated with the mining sector; however, the persistent occur-
rence of accidents in quarrying highlights the necessity for more focused safety
measures.

Statistical data regarding occupational injuries within the mining sector in
Kazakhstan.

Over the six-year period, a total of 11,722 non-fatal accidents and 211 fatal ac-
cidents were reported. This substantial disparity between non-fatal and fatal in-
cidents underscores the generally hazardous conditions prevalent in the mining
sector in Kazakhstan; however, the year 2023 stands out as an anomaly in terms
of fatal incidents (see figure 7).

Over the six-year period from 2018 to 2023, a total of 9,948 workplace injuries
were reported in Kazakhstan, classified as light, moderate, or severe injuries,
each of which qualifies for compensation under Kazakhstan’s compulsory acci-
dent insurance legislation (see figure 8).

Figure 7. Analysis of Occupational Accident Data for Kazakhstan (2018-2023)
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In accordance with Kazakhstan’s compulsory accident insurance legislation, eli-
gibility for compensation is predicated upon the severity of injuries sustained by
workers in work-related incidents. Compensation is disbursed as a percentage
of the worker’s pre-injury wage, with variations depending on the classification
of the injury as light, moderate, or severe (see figure 9).

Data standardization and harmonization

Under Article 97 of the Ordinance on Industrial Safety and Health, Japanese em-
ployers are legally obligated to report workplace accidents to the Labour Stand-
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ards Inspection Office. This report must encompass accidents that occur during  Eurasian
work hours and within the workplace, even when a worker is off-duty; how- Journal
ever, incidents occurring outside the workplace, such as commuting accidents,
are excluded. Compliance with this regulation is enforced through penalties for
non-reporting, and a subset of accident data (approximately 25%) is made avail-
able as open data, thereby promoting transparency. In certain instances, Labour
Standards Inspectors, who possess powers akin to those of police officers, may
carry out inspections, impose penalties, or suspend operations to ensure adher-
ence to safety regulations. The harmonized matrix of occupational accidents,
depicted in figure 10, presents a five-year comparative analysis of Japan and
Kazakhstan, with particular emphasis on incidents within the mining sector.

The data is categorized by affected body parts and classified into fatal and non-fa-
tal cases, thereby providing insights into the accident profiles of both countries.
The matrix categorizes injuries across six body parts: (1) head, mouth, and neck,
(2) hands, shoulders, arms, and fingers, (3) lumbar and thoracic regions, back,
and trunk, (4) toe, ankle, foot, knee, and leg, (5) eyes, and (6) multiple parts.
This structured classification facilitates a more precise comparison of accident
severity and injury types, highlighting significant trends. In Japan, non-fatal in-
cidents are most frequently associated with injuries to the lumbar and thoracic
regions (50 cases) and the hands and arms (36 cases), indicating that activities
involving heavy machinery handling and manual labour pose considerable risks.
Fatalities are rare, with the highest number recorded in the lumbar and tho-
racic regions (2 cases). Collisions, contacts, and crashes (CCC) emerge as the
predominant type of accidents, particularly affecting hands and limbs, which
reflects areas where safety interventions could be most impactful.

Figure 8. Data on Workers’ Injuries in Kazakhstan from 2018 to 2023
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furasian - Figure 9. Severity of the Injuries in Kazakhstan
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The data from Japan underscores the importance of implementing enhanced pro-
tective measures and ergonomic interventions to mitigate injuries that adversely
affect workers’ productivity and mobility. Conversely, Kazakhstan demonstrates
a markedly higher rate of fatal incidents across various body categories. Fatal
injuries are particularly prevalent in the lumbar and thoracic regions, as well
as in the lower limbs (toe, ankle, knee, and leg), each with 74 cases. Non-fatal
injuries are also widespread, especially in the hands, shoulders, arms, and fin-
gers (612 cases) and the lumbar and thoracic areas (835 cases). Similar to Ja-
pan, CCC accidents account for a significant number of both fatal and non-fatal
cases, underscoring the high-risk nature associated with the operation of heavy
machinery and material handling.

Additionally, Kazakhstan reports a considerable number of fatal falls and slips
(17 cases), indicating that inadequate fall protection and unstable work surfac-
es are major safety concerns. This comparison reveals critical differences and
shared challenges in the mining sectors of Japan and Kazakhstan. Japan’s higher
non-fatal injury rates, particularly those affecting hands and arms, emphasize
the need for protective equipment and ergonomic adjustments. In contrast, Ka-
zakhstan’s elevated fatality rates highlight the urgent necessity for comprehen-
sive safety enhancements, including stricter enforcement of safety protocols,
modernized equipment, and robust worker training programs. By harmonizing
occupational injury data, this matrix facilitates a more effective comparison of
safety standards, aiding in the identification of shared risk factors and the formu-
lation of targeted safety policies. Ultimately, this analysis supports international
collaboration and data. sharing as essential strategies to enhance worker safety
in the mining industry, encouraging the adoption of best practices and the devel-
opment of proactive safety measures across borders.
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Figure 10. Matrix of Harmonization of Occupational Fatal and Non-fatal In-
Jjury Statistics data
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RESULTS

This study utilized a quantitative methodology to analyse occupational incidents
in the mining sectors of Kazakhstan and Japan from 2018 to 2023, highlighting
distinct trends in mining safety across the two nations. A comparative analysis
reveals a notable increase in both fatal and non-fatal mining incidents in Ka-
zakhstan, particularly within the coal and quarrying sectors, whereas Japan’s
mining industry demonstrates a stable or slightly declining trend in incidents
over the same period (see figure 11). In Japan, non-fatal incidents remained
consistently low, suggesting the effectiveness of regulatory and safety measures.
Conversely, Kazakhstan experienced a marked upward trajectory in non-fatal
injuries, indicating potential safety protocol and enforcement deficiencies.

Figure 11. Comparison of Incident Trends
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Statistical tests, including Chi-Square and ANOVA, confirm significant year-

I on-year changes in accident rates in Kazakhstan, with sharp increases observed

in 2020 and 2023 (p < 0.05). Conversely, Japan’s data display no significant
fluctuations, underscoring the stability of its safety measures. Regression anal-
ysis further supports these observations, indicating that Kazakhstan’s non-fatal
injury rates increased by an average of 84 cases per year, while Japan exhibited a
slight annual decrease of approximately 4.5 cases. The analysis also reveals that
Kazakhstan’s higher incident rates correlate strongly with workforce size, par-
ticularly in large-scale operations where non-fatal injuries are prevalent. Fatal
incidents in Kazakhstan were more frequent in specific types of accidents, such
as falls and machinery-related incidents, reflecting hazardous conditions that
necessitate improved safety measures and equipment upgrades (see figure 12).

Figure 12. Descriptive Statistics
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These findings suggest that while Japan’s regulatory frameworks and proactive
safety culture contribute to its stable accident rates, Kazakhstan’s mining indus-
try faces significant challenges due to its rapid expansion, larger workforce, and
regulatory gaps. Enhanced safety protocols, targeted worker training, and strict-
er enforcement are essential to address the rising incident rates in Kazakhstan.

DISCUSSION

The comparative analysis of occupational incidents in the mining sectors of Ka-
zakhstan and Japan from 2018 to 2023 reveals significant disparities attributable
to variations in technological adoption, regulatory frameworks, socioeconomic
factors, and safety cultures. These disparities have profound implications for
both countries’ occupational safety and health (OSH) outcomes.

Similarities and differences in the underlying causes of injuries

Both Kazakhstan and Japan’s mining industries face inherent risks linked to
mining activities, such as hazardous working conditions, the operation of heavy
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machinery, and environmental hazards. However, the root causes of incidents
exhibit significant disparities between the two countries, attributable to varia-
tions in safety practices, regulatory enforcement, and workforce characteristics.
In Kazakhstan, the elevated rates of occupational diseases and injuries can be
traced to inadequate safety protocols, insufficient training, and weak regulatory
enforcement (Bakishev, 2024: 109; Chebotarev and Sementsova, 2021: 114).
The rapid expansion of the mining sector has outstripped the development of
essential safety measures, resulting in increased exposure to dust, toxic sub-
stances, and noise (Yerdessov et al., 2022). Furthermore, the underreporting of
incidents and a lack of transparency impede effective safety interventions (Bak-
ishev, 2024: 109).

Conversely, Japan has achieved lower incident rates through the implementation
of stringent safety regulations, advanced technologies, and a proactive safety
culture (Hara et al., 2023: 243; Kadyrzhanova, 2024: 320). The primary causes
of incidents in Japan are frequently associated with human factors, such as inat-
tentiveness and challenges arising from an aging workforce, which can lead to
non-fatal injuries ((Wasaki and Takahashi, 2024). The emphasis on continuous
improvement and worker involvement contributes to more favorable safety out-
comes (Shimizu et al., 2022: 260).

Socioeconomic and demographic factors exert a significant influence on acci-
dent rates in both Japan and Kazakhstan. In Japan, the aging workforce con-
tributes positively to safety vigilance, as older workers exhibit a heightened ad-
herence to safety practices, which correlates with reduced accident rates (Isa et
al., 2021: 18). Nonetheless, the age-related physical limitations experienced by
older workers in Japan may heighten their susceptibility to specific categories
of injuries, thereby necessitating the implementation of targeted safety meas-
ures (Hayashi et al., 2023: 196). Conversely, in Kazakhstan, the prevalence of
a younger and less experienced workforce is correlated with increased accident
rates (Isa et al., 2021: 18). The rapid pace of industrial growth, in conjunction
with inadequate training, exacerbates the risks encountered by these workers,
as many lack the essential skills and knowledge required to navigate hazardous
environments safely (Liu et al., 2024: 107375).

Advancements in technology and automation possess the potential to signifi-
cantly mitigate injuries, particularly in high-risk sectors such as mining. How-
ever, the successful integration of these innovations necessitates comprehensive
worker training and proactive organizational support to ensure their effective
utilization and sustainability. The adoption of technology and automation has
significantly affected occupational safety within Japan’s mining sector. Ad-
vanced safety technologies, including real-time monitoring systems, automat-
ed machinery, and hazard detection devices, have substantially improved risk
management practices and diminished human exposure to hazardous environ-
ments (Kadyrzhanova, 2024: 320). These innovations enable the early identifi-
cation of potential hazards and enhance emergency response capabilities (Hara
et al., 2023: 243). Conversely, the mining industry in Kazakhstan has witnessed
a slower pace of advanced technology adoption, primarily attributable to eco-
nomic constraints and the prioritization of production over safety investments
(R. Liu et al., 2021: 103672). The dependence on outdated equipment and in-
sufficient technological infrastructure contributes to elevated accident rates and
greater severity of incidents (Yerdessov et al., 2022). Moreover, the absence
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of automation and contemporary safety systems hinders the capacity to mon-
itor and mitigate risks effectively, thereby exacerbating occupational hazards
(Taubayev et al., 2023: 4).

Theoretical contribution of government policies and private sector initiatives

This comparative investigation significantly contributes to the sociological dis-
course on labour inequalities, state regulatory frameworks, and the intricate re-
lationship between industrial safety measures and overarching social welfare
policies. The mining industry serves as a crucial case study, illustrating the
complex interplay between worker protection, economic pressures influenc-
ing labour conditions, and governance mechanisms in high-risk sectors. The
findings resonate with established sociological theories regarding state respon-
sibility and protection, emphasizing state intervention’s vital role in safeguard-
ing workers’ well-being and safety in hazardous environments. Drawing upon
institutional theory, which posits that organizations conform to the norms and
rules established by institutions to achieve legitimacy (Meyer and Rowan, 1977:
341), the stark contrast between Japan and Kazakhstan’s regulatory approach-
es underscores the significant impact of variations in regulatory frameworks
on labour conditions and industrial safety standards. In Japan, the government
enforces stringent occupational safety and health (OSH) regulations, supported
by comprehensive oversight and mandatory compliance for mining operations
(Hara et al., 2023: 243). The private sector actively invests in safety training,
adopts international safety standards, and fosters a culture of safety conscious-
ness (Okumura et al., 2018: 14). This alignment between government policies
and private sector initiatives reflects a cohesive institutional environment that
prioritizes worker safety.

Conversely, Kazakhstan’s regulatory framework, while comprising legal re-
quirements similar to those of developed nations, is undermined by weak en-
forcement mechanisms and the underreporting of incidents (Abikenova et al.,
2023: 41; Bakishev, 2024: 109). From the perspective of conflict theory, which
asserts that societal structures reflect the interests of powerful groups often, at
the expense of others (Marx and Engels, 1848: 25), the prioritization of eco-
nomic gains over worker safety becomes evident. The compulsory accident
insurance system emphasizes compensation rather than prevention or rehabil-
itation, thereby diminishing incentives for proactive safety measures (Kazbek-
ova, 2023: 87). Limited private sector initiatives and inadequate collaboration
between government and industry in prioritizing worker safety further exacer-
bate these challenges (Smatlayev et al., 2023: 42). This situation highlights how
disparities in regulatory enforcement and safety culture contribute to increased
labour inequalities and occupational risks.

Furthermore, the incorporation of risk society theory by Ulrich Beck (1992:
19), which argues that modern societies are increasingly preoccupied with the
future and safety through systematic management of hazards and insecurities,
illustrates that Japan’s approach demonstrates proactive risk management and
preventive measures. Meanwhile, Kazakhstan’s reactive stance underscores a
lack of effective strategies to mitigate the industrial risks inherent in mining
operations.
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Sectoral priorities and reporting practices

Japan’s sectoral priorities play a pivotal role in shaping the reporting and man-
agement of occupational accidents. Secondary industries, such as mining and
manufacturing, exhibit higher levels of occupational safety and health (OSH)
reporting compared to tertiary sectors, reflecting a stronger emphasis on safety
measures (Shimizu et al., 2022: 260). This prioritization enhances data collec-
tion and analysis, enabling more precise and targeted interventions.

Meanwhile, the aging workforce in Japan introduces additional complexities,
necessitating adjustments to safety protocols to meet the specific needs of older
employees (Hayashi et al., 2023: 196). Workplace adaptations and revised prac-
tices are crucial for minimizing risks tied to demographic shifts. In contrast, Ka-
zakhstan faces significant challenges with underreporting incidents, particularly
in large-scale mining operations (Bakishev, 2024: 109). Sociocultural barriers,
such as limited transparency and accountability, hinder accurate documentation
of accidents, thereby complicating the development of effective safety strategies
(Chebotarev and Sementsova, 2021: 114).

Impact of safety culture

Safety culture plays a pivotal role in both the causation and prevention of work-
place accidents. In Japan, a well-established safety culture—characterized by
continuous improvement, active employee participation, and strict adherence to
established protocols—has significantly contributed to the reduction of incident
rates (Tetzlaff et al., 2021: 412). The integration of educational initiatives, en-
gineering controls, and enforcement mechanisms further enhances hazard man-
agement practices (Sherin et al., 2023: 85).

Conversely, Kazakhstan’s mining industry exhibits an emergent safety culture.
Insufficient emphasis on hazard recognition, inadequate risk assessment, and
limited worker empowerment in safety-related matters contribute to elevat-
ed risk levels (Yerdessov et al., 2022). Furthermore, the absence of effective
safety attitudes and practices exacerbates the consequences of existing hazards
(Taubaev et al., 2023: 3).

Limitations and future research

Despite the valuable insights gained, this study has several limitations that must
be considered when interpreting its findings. First, the harmonization of occupa-
tional injury data from two countries—each operating under distinct reporting
and accounting systems—complicated the direct comparison of indicators. Un-
derreporting or incomplete documentation of occupational injuries, particularly
in the context of Kazakhstan, may have affected the statistical analysis. Con-
straints in accessing detailed information on the nature and circumstances of
injuries also impede a more nuanced evaluation of trends.

Second, the qualitative data collected in this study did not include direct inter-
views with workers. As a result, the everyday safety practices and individu-
al perceptions of risk—especially within high-hazard industries—remain less
thoroughly explored. The absence of first-hand worker testimony limits the
identification of sociopsychological factors that influence behaviour in high-risk
environments.
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Third, the theoretical framework, rooted in concepts of regulatory state capaci-
ty and comparative political economy, requires further elaboration. Expanding
these conceptual boundaries and integrating theories of labour protection and
corporate accountability would help link the study’s findings to a broader array
of institutional factors.

Based on these observed limitations, several avenues for future research emerge:

—  further operationalization of such concepts as “regulatory state capacity”
and “comparative political economy” is needed to illuminate the institu-
tional underpinnings of occupational safety systems;

—  future inquiries should prioritize uncovering the sources of underreport-
ing and adopt robust verification measures. For instance, researchers might
supplement official statistics with alternative data sources (worker surveys,
labour union reports, etc.) to minimize the risk of systematic errors;

—  follow-up studies should incorporate direct interviews with workers and
examine documented case studies to offer deeper insights into “safety cul-
ture” at the operational level. Qualitative observations can enrich quanti-
tative analyses by revealing underlying social and organizational factors;

—  future publications would benefit from integrating descriptive and analytical
findings into a coherent structure that more clearly connects statistical data
to interpretive discussions, thus enhancing transparency and coherence;

— it is crucial to more explicitly address the role of international guidelines
(e.g., ILO-OSH 2001) and national legislation in shaping corporate ac-
countability practices, while aligning the findings with broader global de-
bates on labour rights.

CONCLUSION

This comparative analysis elucidates the significant disparities in occupation-
al safety trends between Kazakhstan and Japan. Kazakhstan is currently con-
fronted with increasing challenges in managing workplace safety within its
rapidly expanding mining sector. Elevated accident rates and under-reporting
of incidents indicate deficiencies in safety management systems and highlight
the urgent need for comprehensive reforms. In contrast, Japan’s comparatively
stable incident rates reflect the effectiveness of its advanced safety protocols
and stringent regulatory oversight; however, the country must address issues
associated with an aging work-force to ensure that safety measures evolve in ac-
cordance with changing demographics and industry requirements. The findings
from this study underscore the pressing necessity for enhanced cross-country
collaboration aimed at improving occupational health and safety standards, par-
ticularly within high-risk industries such as mining. Establishing more robust
regulatory frameworks, enhancing worker training programs, and fostering a
strong safety culture is imperative for minimizing risks and safeguarding work-
ers in hazardous occupations. By adopting best practices from countries like
Japan, Kazakhstan could achieve substantial reductions in workplace accidents,
thereby aligning with international standards for occupational health and safety.
Overall, this study emphasizes the critical importance of effective government
policies and active private sector engagement in enhancing occupational safety.
Strong regulatory frameworks and a robust safety culture are essential in miti-
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gating risks and protecting workers. The comparative analysis not only illumi-
nates existing gaps but also contributes to a broader sociological understanding
of how institutional practices and societal values influence labour conditions
and worker safety.

In conclusion, while both Kazakhstan and Japan recognize the importance of
worker safety in the mining industry, they face distinct challenges. Kazakhstan
grapples with elevated accident rates and underreporting, which underscore de-
ficiencies in safety management systems and the urgent need for reforms. Con-
versely, Japan, despite lower incident rates, must contend with issues related to
an aging workforce and ensure that safety measures are adaptable to evolving
industry requirements.
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