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Abstract: This research analyzed the frequency and severity of workplace accidents in Peruvian
mining (2020-2024). The unit of analysis was the mining concession/UEA record (concession-
year); of 10,051 monthly records from the Ministry of Energy and Mines, 1,808 (18%) reported
at least one incident or accident, and after cadastral validation 1,774 valid records (566
concessions) were analyzed. Serious accidents (disabling + fatal; 5,665 events) were modeled
with multiple linear regression with cluster-robust standard errors (p coefficients with 95% CI).
In metallic mining, the small-scale-producer regime, larger concession size, a larger number of
company workers and contractors, and higher man-hours were associated with greater severity.
In non-metallic mining, the small-scale-producer regime, a larger number of company workers
and higher man-hours were associated with greater severity, while larger concession size was
associated with fewer serious accidents. Operational workload (man-hours) and workforce size
were associated with greater severity across both sectors, supporting occupational-safety policies
differentiated by mineral type and operation size.
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1. Introduction

Mining is one of the most important sectors for the
Peruvian economy, representing approximately 10% of the
Gross Domestic Product and more than 60% of national
exports in recent years, with investments exceeding USD
5.2 billion"). However, this economic prominence
contrasts with the high levels of occupational risk that
characterize mining activity? becoming harmful not only
to the worker, but also to the surrounding communities, the
economy and the environment®. According to official
reports¥, the mining sector in Peru has registered more
than 800 disabling accidents and more than 100 work-
related deaths per year between 2020 and 2023, which
demonstrates a persistent problem in occupational health
and safety®). Added to this is the diversity of operational,
technical and geographical conditions in the country,
which can aggravate or mitigate the risk depending on the
type of exploitation and the regional context where the
extractive activity takes place®.

In the mining industry, both lighting and ventilation must
be provided artificially, and it is necessary to control

factors such as gas emissions, dust production, and noise
generated by explosions or rock fragmentation?.
Furthermore, aspects such as ergonomic postures, the use
of heavy machinery, vehicles, and transport systems like
conveyor belts must be considered®. Added to this are
potential new risks arising from technological
advancements, new interactions between the various
elements of the system, the link between human behavior
and technologies, and increasing social demands?.
Consequently, workers in the mining sector face a variety
of complex hazards, which can lead to occupational
illnesses, injuries, disabilities, or even death!?, since
working in the mining sector, whether in an open-pit or
underground mine, carries greater risks than most sectors
of the national economy'". In this sense, mining accidents
represent a combination of multiple and varied risks'?.

In this context, this study aims to analyze the frequency
and severity of workplace accidents in the Peruvian mining
sector during the period 2020-2024, as well as to identify
the associated factors that related their occurrence, using a
quantitative approach that incorporates categorical,
numerical, and geographical variables. The results
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obtained seek to contribute to strengthening occupational
safety and health policies in the country's mining
operations.

2. Literature review

Workplace accidents can be linked to the characteristics of
the work environment, as well as to collective and
individual activities!>'¥. In this sense, various factors are
associated with their occurrence and severity of workplace
accidents. Among them are productive characteristics such
as the type of mineral mined (metallic or non-metallic),
with metallic mining known to have higher accident rates
than non-metallic mining'®, associated with collapses,
explosives, rockfalls, equipment use, and exposure to
metallic dust'?, with the accident rate being even higher in
underground metallic mines'®.

On the other hand, the type of mining concession (general
regime or small producer)'?, considering that the accident
rate in small-scale mining is generally more than six times
higher than in large-scale mining'®, linked to the intensive
use of labor, low technological development and
precarious hygiene and safety conditions'®. Likewise, the
execution time of the mining project is an influential
variable!'?, taking into account that a longer period of work
allows for better structuring and implementation of safety
management systems in companies, allowing a reduction
in accidents??.

It is worth noting that operational variables such as man-
hours worked??, are relevant, given that 12-hour shifts
(quite common in the mining sector) tend to have a higher
accident rate due to the level of fatigue experienced by
workers??. Similarly, the number of direct employees and

Number of records on work-
related incidents and accidents in

contractors in operations is linked to accident rates?,

considering that the level of workforce outsourcing is
inversely associated with accident rates, so more
contractors mean fewer accidents?®”. Likewise,
geographical conditions, such as altitude and region®® are
other factors associated with adverse health effects on
mining workers, considering that high altitudes and low
atmospheric pressure, followed by a return to low altitudes,
often trigger conditions such as chronic intermittent
hypobaric hypoxia, mainly in men?>.

These combined elements play a decisive role, as they can
affect the implementation of safety protocols, access to
medical services, and workplace fatigue®®, creating a risk
landscape that requires comprehensive analysis to
establish patterns and factors associated with incidents.
This is why industries worldwide have recently shown
increasing interest in adopting safety practices as a means
to reduce accidents and disasters occurring at
unsustainable levels?”, since the health consequences
commonly reported in mining include mortality, average
days lost due to accidents, and permanent partial or total
disability?®.

3. Materials and Methods
3.1. Population and Sample

To obtain information on workplace accidents in mining
companies, the public database of the Peruvian Ministry of
Energy and Mines (MINEM) was accessed, from which
the monthly workplace accident reports available in
Microsoft Excel format were downloaded. Reports from
January 2020 to December 2024 were considered,
resulting in a total of 60 monthly reports.

Records with “zero” incidents
and/or work accidents from

mining concessions in Peru
(2020 —2024)
N=10 051

v

Positive records on work-related
incidents and accidents in mining

»
i mining concessions in Peru
N=8 243
Mining concessions without
> cadastral information

concessions in Peru
N=1 808

v

Records of work-related
incidents and accidents in mining

N=34

Mining concessions/UEA that
register workplace incidents and

concessions/UEA in Peru
N=1 774

accidents in Peru
N=566

Fig. 1: Flowchart of the selection of records of work-related incidents and accidents from mining concessions/UEA in Peru
2020-2024 UEA: Economic Administrative Unit
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The study population consisted of all mining companies
registered in Peru that reported workplace incidents and
accidents to the Ministry of Energy and Mines (MINEM)
from January 1, 2020, to December 31, 2024.

Initially, 10,051 records of workplace incidents and
accidents reported during the analysis period were
collected. However, during the selection process shown in
Figure 1, 8,243 records (81.9%) with a value of "zero"
were excluded, indicating the absence of incidents or
accidents during those months. This allowed for the
identification of 1,808 records that accurately
corresponded to workplace incidents and accidents.
Subsequently, a further review was conducted to ensure
data quality, resulting in the exclusion of 34 mining
concessions lacking the complete information necessary
for statistical analysis. The analytical unit of this study was
the mining concession/UEA record contained in the
monthly reports issued by MINEM. The final database
comprised 1,774 wvalid records corresponding to 566
mining concessions/UEA that reported at least one
workplace incident or accident during the study period.
Because a concession/UEA could appear in multiple
reporting periods, several records could correspond to the
same concession/UEA. Additional geographic and
cadastral variables were compiled only for these analytical
records.

3.2. Design

This was an observational analytical study based on
secondary administrative records from the Ministry of
Energy and Mines covering the period 2020-2024. The
analytical unit was the concession-year record. Although
some concessions contributed records in multiple years,
the objective was not to evaluate temporal changes within
concessions but rather to assess associations between
concession characteristics and the number of serious
accidents reported during each concession-year. Therefore,
the data were analysed as pooled cross-sectional records
rather than as a longitudinal or panel dataset.

3.3. Variables
3.3.1. Dependent Variable

The main dependent variable was the number of serious
accidents recorded in the monthly workplace accident
reports of the Peruvian Ministry of Energy and Mines
(MINEM). Workplace events were classified as incidents,
minor accidents, disabling accidents, and fatal accidents.
Serious accidents were defined as the sum of disabling and
fatal accidents reported in each concession-year record,
therefore, the dependent variable represents a count of
serious accidents per analytical record rather than a binary
occurrence measure. This composite outcome was selected
because both categories represent severe occupational
events according to the Peruvian mining accident
classification system and are routinely monitored as

indicators of mining safety performance.

3.3.2. Independent Variables

Characteristics of the Mining Concession
Operational and administrative variables obtained from the
monthly workplace accident reports published by the
Ministry of Energy and Mines (MINEM) were included.
The variables considered were the following:
a) Categorical Variables
1)  Type of mineral: metallic / non-metallic.
2) Type of mining concession: general regime /
small-scale mining producer.
3)  Year of the workplace accident: 2020, 2021, 2022,
2023, and 2024.
b) Numerical variables
1)  Man-hours worked.
2)  Number of mining company (MCC) employees.
3)  Number of mining contractor (MC) employees.
4)  Other workers (OTHER)
The variables were collected from the monthly reports of
the Ministry of Energy and Mines (MINEM). For the
numerical variables, the annual average per mining
concession was calculated to obtain a representative and
homogeneous value, given that these Figures may vary
monthly.
¢) Mining Cadastre Variables
The structural characteristics of the mining concessions
were obtained through the GeoCatmin system of the

Geological, Mining, and Metallurgical Institute
(INGEMMET)
(https://geocatmin.ingemmet.gob.pe/geocatmin/), which

provides public information on officially registered mining
concessions.

However, it was identified that a subset of reporting
mining companies did not correspond to formally
registered concessions, but rather to Economic
Administrative Units (UEA). Therefore, the SIDEMCAT
platform
(https://digital.ingemmet.gob.pe/serviciosdigitales/app/sid
emcat/consulta) of the same agency was used to
supplement the missing information. The variables
extracted from both sources included:

. Date of concession or UEA issuance

. Total area (hectares)

*  Department and province of administrative location
The integration of both databases allowed for the
completion of data for 566 mining companies, ensuring
adequate territorial and administrative coverage for the
analysis.

d) Geographic Variables
To characterize the territorial context, the following were
considered:

1)  Geographic altitude: In the absence of specific
topographic records for each mining concession,
altitude was approximated using the elevation of
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the corresponding provincial capital. For
provinces with a large territorial extension and
geographical heterogeneity, a representative
average value for the region was calculated. This
strategy allowed for the establishment of a
standardized proxy variable for the analysis.

2) Natural region: a standardized -classification
based on altitude and geographic location was
applied:

. Coast: < 500 masl

. Highlands: 500 — 4,500 masl

. Rainforest: located in the Amazon region
Continuous operational variables (e.g., concession area,
number of workers, contractors, other workers, and man-
hours) were categorized into tertiles to facilitate
interpretation and comparison across concessions with
different operational scales.

3.4. Statistical Analysis

The 60 monthly reports of workplace accidents over five
years (1,774 records) were consolidated in Excel format
and integrated with a second database, processed in
parallel, containing information on 566 mining
concessions. This second database included variables such
as year of concession issuance, geographic region,
department, province, concession size in hectares, and
average altitude of the province in meters above sea level
(masl). The integration was performed using the merge
command in Stata, thus generating a unified and complete
database. Stata and R Studio were used for statistical
processing, the latter for graphical purposes.

Descriptive analyses were performed using Tables and
graphs. Categorical variables were summarized using
absolute and relative frequencies, whereas numerical
variables were described using means and standard
deviations.

To identify factors associated with the number of serious
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accidents, crude and adjusted multiple linear regression
models were fitted, considering the quantitative nature of
the dependent variable. Because the same mining
concession could contribute records in more than one year,
standard errors were adjusted for within-concession
correlation using clustered standard errors at the
concession level (vce(cluster id) in Stata).

Variables with a p-value < 0.20 in the crude analyses were
considered candidates for the multivariable model. To
minimize multicollinearity, only variables with a Variance
Inflation Factor (VIF) < 6 were retained in the final
adjusted model. Regression coefficients (B), 95%
confidence intervals (95% CI), and p-values were reported.
Statistical significance was established at p < 0.05.

4. Results

4.1. Descriptive Analysis

The study analyzed 10,051 records related to workplace
incidents and accidents in the Peruvian mining sector
during the period 2020-2024. Of these, 8,243 records
(82%) did not report any type of incident or accident, while
1,808 records (18%) corresponded to events with at least
one reported incident or accident.

Figure 2 shows the temporal trend of workplace accidents
in Peru during the study period, classified according to
their severity as minor, disabling, and fatal accidents. Two
marked decreases in the occurrence of disabling and minor
accidents were identified: the first in April 2020 and the
second in August 2023. A significant peak was also
observed in July 2022, which could be associated with
seasonal factors or an increase in operational activity.
Between 2020 and 2024, Across the analyzed records, a
total of 5,665 serious workplace accidents were reported,
primarily concentrated in the metal sector, where 1,507
mining concessions reported accidents or incidents,
compared to 267 in the non-metal sector.

351 363

300 299 301
il 284
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2020 2020 2020 2020 2021 2021 2021 2021 2022 2022 2022 2022 2023 2023 2023 2023 2024 2024 2024 2024

Type of accident

Minor # Disabling # Fatal

Fig. 2: Trends in workplace accidents in Peru (2020-2024) Source: Prepared by the authors based on data from the Ministry of
Energy and Mines (MINEM)
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Workplace incidents totaled 120,278, with a significantly
higher average in the metal sector (72.81 = 274.29)
compared to the non-metal sector (39.51 £ 90.56).
Similarly, disabling and fatal accidents were more frequent
in the metal sector, with averages of 3.44 + 7.25 and 0.10
+ 1.03, respectively, compared to lower values in the non-
metal sector. Disabling and fatal accidents were less
frequent, although still prevalent, in the metal sector.
These data reflect greater exposure and risk in activities
related to the metal sector (Table 1).

Table 1 presents the distribution of workplace accidents
recorded in the Peruvian mining sector between 2020 and
2024, broken down by type of concession (metallic and
non-metallic). A total of 1,774 monthly mining records
corresponding to 566 mining concessions (UEAs) were
analyzed. Of these records, 1,507 (84.95%) were from
metallic mining operations and 267 (15.05%) from non-
metallic operations. The total number of workplace
incidents reached 120,278 cases, with an average of 67.80
+ 255.50 per concession, being more frequent in metallic
concessions (72.81 + 274.29) than in non-metallic ones
(39.51 £ 90.56). Regarding minor accidents, 13,675 cases
were reported, with an overall average of 7.71 + 23.70,
again with a higher incidence in metallic mining
concessions (8.92 £ 25.50) compared to non-metallic ones
(0.86 = 2.34).

Serious accidents totaled 5,665 cases, comprised of 5,507
disabling accidents and 158 fatal accidents. The overall
average of serious accidents was 3.19 + 7.10 per
concession, with higher averages observed in metallic
mining concessions (3.54 + 7.44) than in non-metallic ones
(1.21 £ 4.20). Fatal accidents were rare, with an overall
average of 0.09 + 0.95, slightly higher in metallic
concessions (0.10 = 1.03) than in non-metallic ones (0.01
+0.09).

Table 2 presents the characteristics of the 1,774 mining
concessions with records of workplace accidents and
incidents between 2020 and 2024, differentiated according
to the type of mineral extracted. 84.95% correspond to
metallic concessions and 15.05% to non-metallic
concessions. Metallic concessions are concentrated under
the general mining regime (66.95%), while non-metallic
concessions predominate under the small-scale mining

producer regime (64.79%). Metallic concessions are
mostly more recent (39.88% are between 1 and 15 years
old), while non-metallic concessions are older (49.81% are
between 16 and 25 years old).

Regarding size, metallic concessions are distributed evenly,
with a slight concentration in the upper tercile (>1,400 ha:
34.91%), while non-metallic concessions predominate in
intermediate sizes (43.82%). Metallic mining operations
are mostly conducted at high altitudes (=3400 m above sea
level: 35.83%), while non-metallic mining operations are
concentrated at low altitudes (<2645 m above sea level:
42.70%). The majority of concessions are located in the
Sierra region (71.98%), both metallic (72.73%) and non-
metallic (67.79%).

Regarding personnel, metallic mining concessions employ
more direct workers (37.16% in the top tercile), contractors
(36.30%), and other workers (37.36%), while non-metallic
mining concessions are predominantly small-scale:
71.16% with <15 workers, 51.31% without contractors,
and 57.68% without other workers. Finally, the hours
worked are also higher in metallic mining (36.83% in the
top tercile), while 64.42% of non-metallic concessions
register less than 37,600 hours.

Figure 3 shows the geographical distribution of serious
workplace accidents in Peru during the period 20202024,
grouped into quintiles at both the departmental (A) and
provincial (B) levels. At the departmental level, the highest
quintile (Q1: 446-1432 accidents) includes Arequipa
(1432), Lima (834), La Libertad (681), and Ica (446),
regions mostly located in the Andes and the southern coast
of the country, where the highest number of serious
accidents is concentrated. At the opposite end of the
spectrum, regions such as Loreto, San Martin, and Madre
de Dios have minimal or no accidents, while Tumbes,
Loreto, and the constitutional province of Callao report no
mining concessions with workplace accidents or incidents.
At the provincial level, a high concentration of cases is
observed in traditionally mining areas of the southern
Andes and central part of the country, such as in the
provinces of Arequipa, Cusco, Apurimac and Moquegua,
reflecting a spatial distribution closely linked to the
intensity of extractive activity.

Table 1: Distribution of records of work-related incidents and accidents reported by mining concessions and their distribution
according to the mineral extracted, 2020 - 2024

Metallic Non-Metallic
Characteristics Total Total Concessions Concessions
N=1774 (M+SD) N=1507 N=267

(M+SD) (M+SD)

Workplace Incidents 120 278 67.80+255.50 72.81+274.29 39.51+90.56
Minor Accidents 13 675 7.71+£23.70 8.92+25.50 0.86+2.34
Serious Accidents 5 665 3.1947.10 3.54+7.44 1.21+4.20
. Disabling 5507 3.10+6.92 0.09+0.95 3.44+7.25 1.20+4.18
. Fatal 158 0.10+1.03 0.01+0.09

M: mean; SD: standard deviation
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Table 2: Characteristics of mining concessions reporting occupational accidents and incidents, by type of mineral extracted, 2020-

2024
Cl(l)z;r::)ts:lllsltlcs Metallic mining Non-Metallic
Characteristics y records mining records

mining records

= o, = o,
N=1774(%) N=1507 (84.95%)  N=267 (15.05%)

Type of Mining Concession

. General Regime 1103 (62.18) 1009 (66.95) 94 (35.21)

. Small-Scale Mining Producer 671 (37.82) 495 (33.05) 173 (64.79)
Years since Application (terciles)

. 1-15 years 646 (36.41) 601 (39.88) 45 (16.85)

. 16-25 years 540 (30.44) 407 (27.01) 133 (49.81)

. 26-97 years 588 (33.15) 499 (33.11) 89 (33.33)
Concession Area (terciles)

. 0-220 ha 592 (33.43) 506 (33.64) 86 (32.21)

. 221-1399 ha 590 (33.31) 473 (31.45) 117 (43.82)

. 1400-95925 ha 589 (33.26) 525 (34.91) 64 (23.97)
Concession Altitude (terciles)

. 5 to 2645 msnm 595 (33.54) 481 (31.92) 114 (42.70)

. 2646 to 3399 msnm 591 (33.31) 486 (32.25) 105 (39.33)

. 3400 to 4500 msnm 588 (33.15) 540 (35.83) 48 (17.98)
Region of Location

. Rainforest 64 (3.61) 57 (3.78) 7 (2.62)

. Highlands 1277 (71.98) 1096 (72.73) 181 (67.79)

. Coast 433 (24.41) 354 (23.49) 79 (29.59)
Number of Company Employees (terciles)

. 0-15 people 601 (33.88) 411 (27.27) 190 (71.16)

. 16-96 people 582 (32.81) 536 (35.57) 46 (17.23)

. 97-3606 people 591 (33.31) 560 (37.16) 31 (11.61)
Contractor Workers (terciles)

. 0 people 990 (55.81) 853 (56.60) 137 (51.31)

. 6-21 people 193 (10.88) 107 (7.10) 86 (32.21)

. 22-6498 people 591 (33.31) 547 (36.30) 44 (16.48)
Other workers (terciles)

. 0 people 810 (45.66) 656 (43.53) 154 (57.68)

. 1-49 people 373 (21.03) 288 (19.11) 85(31.84)

. 50-21965 people 591 (33.31) 563 (37.36) 28 (10.49)
Hours worked (terciles)

. 0-37599 hours 592 (33.37) 420 (27.87) 172 (64.42)

. 37600-299999 hours 591 (33.31) 532 (35.30) 59 (22.10)

. 300000-38500000 hours 591 (33.31) 555 (36.83) 36 (13.48)

Prevalencia de Accidentes
(Quintiles)

Q1 (62-646)
Q2(20-60)
Q3(8-26)

Q4{1-7)
Q5(0)

NA
| B

Cantidad de Accidentes (quintiles)
W o e

Q2(310-354)
Q3(88-269)
Q4(23-70)
Qs (0-1)

NA

Fig. 3: Serious Accidents in Peru by Quintiles according to Departments (A) and Provinces (B) (2020-2024) Source: Author's
own elaboration. NA: Not Applicable
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4.2. Multivariate Regression Analysis

Our multivariate analysis identified distinct predictors
across mining sectors (Table 3). In the metallic mining
sector, the small-scale producer regime was significantly
associated with an increase in serious accidents (B: 2.07;
95% CI: 0.88 to 3.26), as were larger concession areas (f:
2.52;95%

CI: 0.85 to 4.19). This trend extended to labor metrics,
where a higher number of both company workers (B: 3.63;
95% CI: 2.18 to 5.08) and contractors (B: 2.97; 95% CI:
1.91 to 4.03) predicted higher accident frequencies, along
with increased man-hours (B: 1.40; 95% CI: 0.29 to 2.50).
In contrast, intermediate contractor presence (6-21)
demonstrated an inverse association (: —1.14; 95% CI:
—1.97 to —0.31).

In the non-metallic mining sector, the small-scale producer
regime similarly emerged as a significant predictor of
accidents (B: 2.88; 95% CI: 0.32 to 5.45), alongside
company workers (B: 5.61; 95% CI: 0.93 to 10.29) and
total man-hours (B: 3.22; 95% CI: 0.28 to 6.16). Yet, larger
concession areas were linked to fewer accidents (B: —2.36;
95% CI: —4.54 to —0.18). Altitude (3,400—4,500 masl) did
not reach statistical significance (B: —1.86; 95% CI: —3.96
to 0.24, p = 0.083) within this sector.

5. Discussion

Workplace accidents in the Peruvian mining sector during
the period 2020-2024 are characterized by high
geographical, structural, and operational heterogeneity

13,14)

The analysis showed that workplace accidents were more
frequently reported in general-regime concessions, in
concessions located in high-altitude Andean areas, and in
those dedicated to the exploitation of metallic minerals.
Of the total number of incident and accident records
(10,051), 18% corresponded to events with at least one
reported incident or accident. The temporal trend of
workplace accidents during the study period shows two
significant decreases in the occurrence of disabling and
minor accidents; the first in April 2020, coinciding with
the beginning of restrictions due to the COVID-19
pandemic, and the second in August 2023. This decline is
atypical and lacks a clear explanation, as no trend is
observed in the preceding or subsequent months.

Figure 2 shows a peak in accidents in July 2022, which
may have been associated with increased mining activity
during that period. This pattern may be related to factors
such as longer workdays, the accelerated hiring of less
experienced personnel, and pressure to meet production
targets following the reactivation of mining and processing
operations after the pandemic. Furthermore, seasonal
factors such as national holidays have been associated with
changes in employee vigilance and risk perception, which
may be relevant to workplace safety®”.

According to Table 1, during the study period, the mining
sector recorded 120,278 incidents, 13,675 minor accidents,
5,507 disabling accidents, and 158 fatal accidents.
Comparing these dates with the model of’?, reveals a
similar proportional structure, although with differences in
the magnitude of the ratios.

Table 3: Factors associated with serious accidents (adjusted model)

Panel A. Metallic mining (n=1,507)

Variable (reference = lowest tertile) Adjusted B (95% CI) p-value
Small-scale producer regime 2.07 (0.88, 3.26) 0.001
Concession area >1,400 ha 2.52 (0.85, 4.19) 0.003
Company workers >97 3.63 (2.18, 5.08) <0.001
Contractors 621 —1.14 (-1.97,-0.31) 0.007
Contractors >22 2.97 (1.91, 4.03) <0.001
Man-hours >300,000 1.40 (0.29, 2.50) 0.013
Altitude 3,400—4,500 masl —2.37 (-6.01, 1.28) 0.203
Panel B. Non-metallic mining (n=267)

Variable (reference = lowest tertile) Adjusted B (95% CI) p-value
Small-scale producer regime 2.88 (0.32, 5.45) 0.028
Concession area >1,400 ha —2.36 (—4.54,—0.18) 0.034
Company workers >97 5.61(0.93, 10.29) 0.019
Man-hours >300,000 3.22(0.28, 6.16) 0.032
Altitude 3,400—4,500 masl —1.86 (—3.96, 0.24) 0.083

Non-significant covariates (years since formulation, region, other workers) are omitted.
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Using the 158 fatal accidents as a reference, the
approximate ratio is obtained:
. Disabling accidents: 5,507 / 158 = 35 for every fatal
accident
*  Minor accidents: 13,675 / 158 = 87 for every fatal
accident
*  Incidents without injury: 120,278 / 158 = 761 for
every fatal accident
These proportions reflect a wider base than suggested by
the theoretical pyramid. This broadening of the base may
be interpreted positively, as it is consistent with a
management system that encourages the identification and
reporting of incidents without injury, an element
frequently considered important in occupational risk
management.
Likewise, the proportion of disabling and minor accidents
is also consistent with the model's approach, in which the
most serious events represent a minimal fraction of the
total. Taken together, these data are consistent with the
usefulness of Bird's Pyramid as a conceptual framework
for interpreting risk levels in mining operations and
highlight the potential value of preventive actions targeting
incidents and substandard conditions. Beyond their human
consequences, serious accidents in Peruvian mining also
entail substantial economic costs that are frequently
underestimated, which reinforces the value of investing in
prevention®V.
The study of environmental factors associated with the
occurrence of workplace accidents is presented below:
a) Type of mineral extracted
The descriptive results show that a high proportion of the
concessions that reported workplace accidents are
dedicated to the extraction of metallic minerals (85%) and
operate primarily under the general regime (62.18%).
While metallic mining entails specific operational risks—
such as the intensive use of machinery, underground work,
and demanding geotechnical conditions, the type of
mineral extracted does not appear to show an independent
statistical association with accident occurrence. The
specialized literature suggests that accident rates are more
commonly associated with operational factors such as
extraction methods, geological conditions, technological
level, and the effectiveness of occupational safety and
health management systems>?.
From an organizational perspective®?, it is argued that the
incidence of accidents responds to both environmental
conditions and internal structural factors, including the
culture of prevention and staff training. In this regard, the
multivariate analysis of this study revealed a significant
association between being a small-scale mining producer
and the occurrence of serious accidents in metallic mineral
concessions, while this relationship was not observed in
non-metallic mineral concessions. These findings
highlight the potential relevance of differentiated risk
management strategies that consider not only the type of

resource extracted, but also the legal framework,
organizational level, and technical capabilities of each

operation.
b) Type of concession
Multivariate analysis showed that metal mining

concessions operating under the small-scale producer
regime were associated with a higher number of serious
workplace accidents, even though the general regime
accounts for 62.18% of reported cases. This finding may
reflect the presence of unfavorable structural conditions,
such as technical limitations, insufficient supervision, and
deficiencies in risk management, that have been described
in the literature as factors associated with more severe
occupational events'®*. While large companies face
complex operational risks related to their scale and level of
automation, they generally have greater resources
available for occupational safety management!?,
supporting the consideration of differentiated occupational
safety approaches according to concession characteristics
In contrast, small-scale metal producers often operate in
precarious conditions, with low mechanization®>,
inadequate spaces®® and unsafe work designs’”, which
may hinder the implementation of preventive measures.
Furthermore, human factors such as limited training, low
motivation, or insufficient experience may contribute to
this vulnerability®®. Along these lines®®, highlights that
maintaining consistent motivation toward safety objectives
is difficult in small businesses, and*? warns that health and
safety are rarely considered priorities for business success
in these types of units, unlike areas such as quality. Taken
together, these results reinforce the need to design
differentiated occupational health and safety strategies that
consider not only the operation's scale and size, but also
the nature of the mineral, the operating environment, and
the institutional and cultural capacity of each concession.
¢) Years since the Formulation (Antiquity)
Regarding the age of the concession, the results show no
statistically significant differences in the frequency of
workplace accidents, suggesting that the project's age
alone was not independently associated with the
occurrence of workplace accidents in the present study,
possibly due to the application of standardized regulations
and common operating practices that transcend the length
of operation. In contrast'®*¥, indicate that companies with
a longer history may have more consolidated safety
management systems, being associated with lower
accident frequencies, while*) document that newer
companies adopting emerging technologies have reported
lower injury rates, highlighting the lack of consensus on
considering age as a factor associated with the severity of
workplace accidents.
d) Extent

Regarding territorial extent, larger concessions were
associated with a higher number of serious accidents. This
association may be related to factors such as personnel
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dispersion, the presence of multiple work fronts, and
greater logistical complexity in monitoring safety
conditions.

e¢) Region and Altitude
The distribution recorded in Table 2 confirms that 71.98%
of accidents occur in the Andean region, compared to
24.41% on the coast and only 3.61% in the jungle. This
distribution reflects both the geology favorable to metallic
mining and the historical predominance of medium- and
large-scale concessions in the Peruvian highlands.
However, this concentration is also associated with
specific safety challenges, as factors such as altitude,
difficult access, and adverse weather conditions have been
described as conditions related to greater operational risk.
In this context, provinces such as Caraveli, Yauli, and
Pataz stand out for registering the highest percentages of
incidents, which may support the implementation of risk-
management policies in these mining centers. As argued in
point!?, geographical and regulatory conditions have been
associated with differences in accident rates through
variations in the operating environment, available
infrastructure, and levels of institutional control.
Likewise, altitude, with a median of 3,065 meters above
sea level for the analyzed concessions, represents a key
contextual factor. Although accidents are distributed
relatively evenly across different altitude ranges, the
highest areas may present particular safety challenges
related to continuous exposure to hypobaric conditions,
extreme temperatures, and logistical limitations*? warn
that heavy rains, storms, or frosts have been reported as
contributing to falls, slips, and equipment failures, and
may be associated with a greater occurrence of incidents.
These environmental factors, together with the structural
characteristics of the terrain, may create challenges for the
implementation of effective safety systems. Therefore,
geographic location should not be considered merely as
contextual information, but rather as a contextual
characteristic that may be associated with operational
safety and should be considered when designing
prevention and response strategies for occupational
hazards in mining.

f) Company Employees — Contractors
Concessions employing more than 22 contractors and
having more than 50 additional support workers showed a
significant association with a higher number of serious
accidents. This pattern may reflect the greater
organizational heterogeneity frequently observed in
outsourced operational structures, particularly within
occupational health and safety management systems
(OHSMS), which may be associated with difficulties in the
uniform implementation of protocols, traceability of
controls, and monitoring of regulatory compliance. This
organizational fragmentation is exacerbated when multiple
entities operate simultaneously, each with different levels
of technical competence, preventive culture, and

procedural rigor, potentially increasing the complexity of
risk management. According to*, a significant proportion
of workplace accidents are attributed to organizational
factors and unsafe operating practices, supporting the
importance of considering structural components of the
work environment as factors associated with occupational
accidents. Similarly*?, highlights that institutional safety
policies and organizational configuration have been
associated with differences in individual behavior and the
effectiveness of prevention systems.

Furthermore, high staff turnover, coupled with the
presence of immigrant labor, often in informal
employment, may be associated with lower levels of
training and accumulated experience in mining operations.
This job instability particularly affects young or low-
skilled workers, which may hinder the consolidation of
safety competencies. Studies* have shown that in
environments such as construction in Finland, accidents
have been reported more frequently among workers with
low occupational status, reduced wages, and less job
security, conditions that are replicated in many mining
subcontracting scenarios*® underscores the importance of
continuous training in safe procedures, as workers may
adopt alternative work methods in the absence of
continuous supervision and reinforcement. In this context,
outsourcing may introduce coordination and control
challenges and may be associated with difficulties in
maintaining a consistent preventive culture within highly
complex operational environments.

g) Man-Hours

One of the most consistent findings of the study was the
strong association between operational workload and
accident severity. Concessions that recorded a higher
number of man-hours worked and employed a larger direct
staff were significantly associated with a higher number of
serious accidents. This result is consistent with the
hypothesis that greater operational activity, and therefore
greater exposure time, may be associated with a higher
number of high-severity incidents?). In turn, a large
number of workers may hinder the uniform and effective
implementation of safety protocols, especially in complex
operational contexts with limited supervision?®. This
challenge may be further intensified intensified in
environments where control systems are weak or a safety
culture is not fully institutionalized.

Furthermore, long working hours and the accumulation of
shifts without adequate rest periods constitute additional
risk factors. Work-related fatigue has been associated with
impaired cognitive and physical performance, including
reduced attention, judgment, and reaction time, which may
contribute to operational errors?® warns that accident
occurrence has been reported to be higher after 42
consecutive days of work without leave, suggesting a
potential cumulative effect of physical and mental
exhaustion on occupational safety. Similarly?®), highlights

Cite: S. Pajares-Centeno, L. Tirado Rebaza, R. Flores Palacios, "Workplace accidents in the Peruvian Mining Sector and their
associated factors: Frequency and Severity Analysis in 2020 - 2024". Evergreen, 13 (03) 1046-1058 (2026). https://doi.org/10.5109/7439396.

- 1054 -



EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 13, Issue 03, pp. 1046-1058, September, 2026

that inadequate shift scheduling can significantly
contribute to fatigue and decreased alertness***? agree that
fatigue, stress, and health problems have been associated
with impaired judgment and attention, factors that may
contribute to human error; furthermore, environmental
factors may also be associated with psychological stress
and reduced operational performance.

The results of this study offer useful evidence for
improving occupational safety and health management in
the Peruvian mining industry. The high proportion of
serious accidents observed in general-regime concessions,
particularly those located in Andean regions, suggests the
potential value of policies differentiated by geographic
location and type of operation. Extreme weather conditions,
altitude, and geographical dispersion may warrant specific
prevention and response protocols, with an emphasis on
managing fatigue, limited accessibility, and environmental
risks. In this context, the findings support consideration of
contextual risk assessment tools and strengthen the
technical capabilities of safety teams in high-accident
regions such as Caraveli, Yauli, and Pataz. Such tools are
consistent with evidence identifying operational
uncertainty and complexity as central concerns for safety
management in mining operations*®.

Furthermore, the observed associations between workload,
outsourcing, and accident severity support the importance
of clearer and more shared safety governance in
concessions with high staff turnover and extensive use of
contractors. Efforts to harmonize management systems
may be beneficial between concession holders and third
parties, ensuring common standards, continuous training,
and integrated control mechanisms. In contractor-intensive
operations, the implementation of critical controls has been
associated with reductions in the frequency of incidents
and accidents in Peruvian mining*”. Particular attention
may be warranted for strengthening a preventative culture
in small-scale metal mining operations, where technical,
organizational, and human vulnerabilities may coexist.
The findings may support the review of current supervision
and oversight schemes, incorporating indicators of
workplace fatigue, reporting of incidents without injury,
and job stability as critical variables for anticipating risk
scenarios. Taken together, these findings may inform the
development of more realistic intervention plans adapted
to the diverse realities of the Peruvian mining sector.

One of the main strengths of this study is the use of a
comprehensive, up-to-date, and systematized national
database, which allowed for a rigorous analysis of
workplace accident patterns in the mining sector over a
representative period. The combination of descriptive and
multivariate analysis provided a more complete view of the
factors associated with the occurrence and severity of
accidents, incorporating both technical and contextual
variables (type of concession, workload, outsourcing,
geographic location, among others). Furthermore, the

applied approach facilitates the identification of groups
and operational contexts associated with a greater burden
of serious accidents, which is highly valuable for designing
differentiated intervention strategies.

This study has several limitations that should be
considered when interpreting the findings. First, the use of
secondary administrative records makes the analysis
dependent on the quality, completeness, and accuracy of
the available information. Consequently, potentially
relevant variables such as safety culture, psychosocial
conditions, leadership practices, and workers’ risk
perceptions could not be incorporated into the models.
Second, the analysis was restricted to concessions that
reported at least one occupational incident or accident
during the study period. Therefore, the findings should be
interpreted as factors associated with the burden of serious
accidents among reporting concessions rather than as
factors associated with accident occurrence across the
entire mining sector. In addition, the observational design
does not allow causal inferences, and all reported
relationships should be understood as statistical
associations.

Third, disabling and fatal accidents were analysed as a
composite outcome because both are classified as serious
occupational events within the Peruvian mining reporting
system. Nevertheless, these outcomes differ in severity and
consequences; therefore, the identified associations reflect
the overall burden of serious accidents rather than the
determinants of specific accident categories.

Fourth, some degree of information bias cannot be
excluded because the database relies on company-reported
records, which may be affected by underreporting,
particularly among smaller operations with more limited
oversight and reporting capacity.

Finally, certain variables were measured using proxy
indicators. Altitude was estimated from provincial-level
geographic information rather than the exact elevation of
each mining operation, which may have introduced non-
differential ~measurement error, particularly in
geographically  heterogeneous provinces. Likewise,
several highly skewed continuous variables were
categorized into tertiles to reduce the influence of extreme
values and improve interpretability; however, this
approach may have resulted in some loss of information
relative to the original continuous measurements.

Future studies should evaluate the complete population of
mining concessions, including those without reported
incidents or accidents, using count-based modelling
approaches. Additional research incorporating inspection
records, audit information, organizational variables, and
mine-specific geographic data could provide a more
comprehensive understanding of occupational safety
patterns in the mining sector. Longitudinal designs may
also help clarify how operational, organizational, and
environmental factors are associated with accident trends
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over time.

6. Conclusions

This study analysed 1,774 concession-year records
corresponding to 566 mining concessions/UEAs that
reported at least one occupational event during 20202024,
comprising 5,665 serious accidents (5,507 disabling and
158 fatal accidents). Using multiple linear regression
models with cluster-robust standard errors, larger
workforce size and higher man-hours were consistently
associated with a greater number of serious accidents in
both metallic and non-metallic mining. Operating under
the small-scale-producer regime was also associated with
a higher burden of serious accidents in both sectors.
Additional differences were observed according to mining
sector. In metallic mining, larger concessions and a greater
number of contractors were associated with more serious
accidents, whereas in non-metallic mining, larger
concessions were associated with fewer serious accidents.
Altitude showed an inverse but non-significant association
in non-metallic mining.

Overall, the findings suggest that operational scale,
workforce characteristics, and workload are more strongly
associated with the burden of serious accidents than the
type of mineral itself, although the pattern of associations
differs between metallic and non-metallic mining. These
results may inform occupational-safety policies tailored to
operation size and mining context, particularly regarding
workload management, contractor oversight, and technical
support for small-scale producers. Given the observational
design and the restriction of the analysis to concessions
reporting occupational events, the findings should be
interpreted as statistical associations and not as evidence
of causal relationships.
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