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Abstract
Mining is a high-risk industry that exposes operators and workers to a high level of occupational health and safety haz-
ards caused by vehicle accidents, blasting, or collapse. This paper aims to analyse the serious and fatal accidents in Iran’s 
mines over a six-year period, from 2012 to 2017. The data sources were the statistical results of the occupational accidents 
reported by the National Statistical Centre of Iran and the importance measure of incidents defi ned by the question-
naires received from the mine safety and health experts. This research presents a model for the prioritization of the min-
ing workplace based on the weighted injury risk of the occupational incidents in the mining industry. The results of this 
work show that the coal mines of Iran have the highest work-related incidence rate which requires special safety  attention. 
Moreover, the total temporary disability risk is currently at the lowest level in all mining activities, while the fatality risk 
has signifi cantly increased in the coal mines in recent years. The results obtained from this study are helpful to detect the 
dangerous mining workplaces and to protect workers from workplace hazards by considering the safety guidelines.
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1. Introduction

Regarding the National Statistical Centre of Iran in 
2019, there were more than fi ve thousand active mines 
in Iran that employed more than nine thousand workers 
(NSCI 2019). Operating a mine is a hazardous activity 
and exposes workers and operators to numerous acci-
dents that threaten their health and safety. Undesirable 
consequences of incidents such as partial disability 
(PD), total temporary disability (TTD), and total perma-
nent disability (TPD), or even fatality (FY) cannot be 
eliminated, and therefore, studying and analyzing the 
frequency and magnitude of incidents using quantitative 
or qualitative approaches is essential. It is noted that PD 
is a type of disability in which the workers are working 
in a lesser capacity due to their injury or injuries. In TTD 
cases, the worker is entirely unable to work for a period 
of time. TPD is a type of disability in which a worker 
cannot work any longer because of injuries.

Nowadays, many researchers have studied the inci-
dents and accordingly the health and safety risk during 
various stages of mining. A short list of these studies is 
given in Table 1.

As there are few reports studying the occupational in-
juries of mining accidents, the rest of this section is de-
voted to present some important research in the fi eld of 
mining safety risk analysis. Komljenovic et al., (2008) 

studied injuries in the mining operations of the US over 
a 10-year period from 1995 to 2004. They categorized 
injuries into fatalities, non-fatal days-lost, and no-days-
lost injuries and then, analyzed the preliminary risk ma-
trix. The results of this study showed a decreasing fre-
quency for all injuries. The fatal and non-fatal days-lost 
injuries were at a serious level of risk. The no-days-lost 
injuries were in the moderate level of risk which meant 
there was no need to consider specifi c corrective meas-
ures, while they needed to be continuously monitored in 
order to discover any adverse tendency. Kumar and 
Ghosh (2014) analyzed large mining machinery-related 
accidents in the opencast coal mines of India from 1995 
to 2008. They stated that human and operator faults were 
the main reason for a large number of fatal accidents. 
Dump trucks caused 59% of the fatal accidents while 
drilling machines caused only 2%. They also concluded 
that large machines with state-of-the-art safety systems 
did not signifi cantly reduce fatal accidents. Shariati 
(2014) prioritized environmental, health, and safety haz-
ards in the south-west underground mines of Iran using 
the fuzzy risk priority number approach. The results of 
this study showed that roof collapse, water pollution, 
dust, accident, rockburst, lack of fresh air, gas, air pollu-
tion, noise, and subsidence, respectively are the most 
hazardous factors in the studied mine. In another study, 
Sanmiquel et al., (2015) studied accidents in Spain’s 
mines from 2003 to 2012. They stated that collisions 
with a moving object and physical effort or radiations 
were the main causes of accidents. Wang et al., (2016) 



Rahimdel, M.J. 16

Rudarsko-geološko-naftni zbornik i autori (The Mining-Geology-Petroleum Engineering Bulletin and the authors) ©, 2020, 
pp. 15-23, DOI: 10.17794/rgn.2021.1.2

applied the fuzzy Analysis Hierarchy Process method to 
prioritize the risk factors in the underground coal mines 
of China. They concluded that temperature, safety train-
ing, work intensity, and humidity had the greatest effect 
on the safety risk level while, dust-proof, fi re-fi ghting, 
and drainage equipment had less of an impact. Stemn 
(2019) studied occupational accidents of the mining in-
dustry over a 10-year period in Ghana. Regarding this 
study, 85% of all injuries and 90% of all fatalities were 
related to mining equipment. It was also found that the 
less-experienced workers were involved in fatal acci-
dents more than nonfatal accidents. Moreover, the main-
tenance, operating mobile equipment, and clean up/
clearing were reported as the most dangerous activities. 
Ivaz et al., (2020) analyzed fatal injuries in the under-
ground coal mines of Serbia. The results of this study 
indicate that changes in health and safety legislation sig-
nifi cantly decrease fatal injuries. Fatal injuries were 
higher in groups of older workers and in excavation jobs 
that demand workers of lower education.

A review of the papers mentioned above shows that 
many researchers have studied work-related accidents in 
mining activities. Most of these studies have mainly fo-
cused on analyzing accidents without considering the 
type of mining operation. The ore deposit type and, ac-
cordingly, its exploitation method are important factors 
that affect the frequency and magnitude of the adverse 
outcomes of incidents. For example, using a diamond 
wire cutting machine for extracting decorative stones in 
quarry mines might cause different levels of injury fre-
quency and magnitude in comparison to the mines being 
exploited by other methods, such as drilling and blast-
ing. Moreover, incidents of potential diseases do not 
have the same effect on human health and safety. There-
fore, to consider adequate health and safety guidelines, 
different mining activities need to be prioritized based 
on their fatal or non-fatal injury risk. To overcome these 
scarcities, in this paper, Iran’s mining activities are cat-
egorized into four main mineral types including coal, 

iron ore, metalliferous (including lead and zinc, gold, 
copper, chromite, manganite, and bauxite) and quarry 
(including decorative stone, sand, Caracas stone, ballast, 
limestone, kaolin and fi reclay, dolomite and chalk) and 
then, the likelihood and magnitude of the accident-relat-
ed injuries including PD, TTD, TPD, and even fatality 
are calculated and analyzed. The systematic injury risk 
analysis is done using real data from 2012 to 2015 and 
the importance measure of each injury is identifi ed using 
the Analytic Hierarchy Process (AHP) method. To prior-
itize different mineral types, the overall injury risk is 
calculated by implementing the degree of importance of 
injuries and systematic injury risk.

The results of this study identify hazardous incidents 
in different mining activities. Moreover, the mineral 
types are prioritized based on the overall injury risk lev-
els to consider the health and safety guidelines.

The rest of this paper is organized as follows. In sec-
tion 2, the AHP and systematic risk assessment methods 
are presented. The work-related accidents in Iran’s 
mines are introduced and analyzed in section 3. Finally, 
in section 4, the injury risk of mining activities is calcu-
lated and mineral types are prioritized based on the over-
all injury risk.

2. Theatrical Foundation

In this section, fi rst, the Analytic Hierarchy Process 
(AHP) method is presented, and then, the injury risk as-
sessment by integrating the AHP, and the systematic risk 
approaches are introduced.

2.1 AHP Method

AHP is based on the intrinsic human ability to make 
judgments about small problems presented by Saaty 
(1980). The AHP method has normally been implement-
ed in conjunction with using the expert choice and ap-
plied in a variety of decisions and planning projects. In 

Table 1: Research in the fi eld of safety risk analysis in mining

Subject of study Researcher(s)
Injury analysis in US mines Komljenovic et al., 2008
Analysis of work-related accidents in Spanish mines Sanmiquel et al., 2010
The accident analysis of mobile mine machinery in Indian opencast coal mines Kumar and Ghosh, 2014
Health, safety and environmental risk assessment of underground mines in Iran Shariati, 2014
Haul truck-related fatal accidents in surface mining Zhang et al., 2014
Incidence and accident analysis in Spanish stone mines Sanmiquel et al., 2014
Accident analysis in Spanish mines Sanmiquel et al., 2015
Safety evaluation of coal mines Wang et al., 2016
Occupational health hazards analysis of an Indian underground coal mine Samantra et al., 2017
Safety analysis of workers in Indian mines Verma and Chaudhari 2017
Safety hazards in Indian underground coal mines Tripathy et al., 2018
Evaluation of risks in underground mining Domínguez et al., 2019
Injury analysis in the mining industry of Ghana Stemn, 2019
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the last few decades, AHP has been successfully applied 
to practical mining problems, such as mining truck se-
lection (Komljenović and Kecojević 2011), the assess-
ment of coal mining environment security (Juan and 
Long 2011), coal mine safety assessment (Donget et al., 
2013), mining method selection (Yavuz 2015), fan se-
lection for underground coal mine (Kursunoglu and 
Onder 2015), mine road safety evaluation (Qin and 
Zhang 2016), the selection of a mineral processing plant 
site (Bakhtavar and Lotfi an 2017), crusher selection 
(Rahimdel and Ataei 2017), risk assessment of manga-
nese mines (Verma and Chaudhari 2017), human fac-
tor analysis of coal mine accidents (Liu et al., 2018) and 
solutions for the vibrational health risk reduction of min-
ing trucks (Rahimdel and Mirzaei 2020).

The steps of the AHP method are briefl y given as fol-
lows (Rahimdel and Ataei 2017):

Step 1. Constructing the judgment matrix

In the fi rst step of AHP, the judgment matrix is ex-
pressed mathematically by using simple pairwise com-
parison as Equation 1:

  (1)

Where:
A  –  the judgment matrix that compares element i 

with element j in which aij = 1/aij.
aij  –  the numerical quantities representing the verbal 

judgments
n  – the number of criteria
AHP uses simple pairwise comparisons to determine 

weights and therefore, the verbal judgments are trans-
lated into a score. In this study, the numerical scales used 
in corresponding to each linguistic variable are given in 
Table 2.

  (2)

Where:
wi  –  the weight of the ith criteria
aij –  the numerical quantities representing the verbal 

judgments
n  –  the number of criteria

Step 3. Calculating the consistency rate

To assure a certain quality level of the decision, the 
consistency of evaluation is analyzed. In order to test the 
consistency value of the comparison matrix, the consist-
ency rate has to be computed as Equation 3:

  (3)

Where:
CI – the consistency index
RI – the random index
The consistency index of the comparison matrix is 

calculated as Equation 4:

 , (4)

Where:
CI  – the consistency index
n  – the size of the matrix
λmax –  the maximum eigenvalue of the decision matrix 

that is calculated as Equation 5:

  (5)

Where:
W – the weight vector
λ – the eigenvalue of the matrix A
The random index is also calculated as Equation 6:

  (6)

Where:
n – the number of criteria
RI – the random index
According to Saaty (1980), in the AHP model, a com-

parison matrix with CI lower than or equal to 0.10 is 
suffi ciently inconsistent. For inconsistent judgments, the 
computed values for the pairwise comparison matrixes 
are between zero and one, which depends on the degree 
of inconsistency and the values of the tolerance param-
eters.

2.2. Systematic risk assessment

Risk is defi ned as the uncertainty and lack of aware-
ness about the consequences which can lead to a loss or 
benefi t of action or incident. Risk assessment is a sys-
tematic analysis for identifying or quantifying the fre-
quencies and magnitude of the adverse consequences of 

Table 2: Linguistic variables and their corresponding 
numerical scales

Linguistic scale for importance Numerical scales
Just equal 0.1
Equal importance 0.3
Weak importance of one over another 0.5
Moderately importance 0.7
Essential or strong importance 0.9
Very strong importance 1

Step 2.  Calculating the weight vector 
of the judgment matrix

In this step, a technique the like normalized geometric 
mean method is used to calculate the relative weights of 
the judgment matrix elements as Equation 2:
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an incident. These parameters are involved in the risk 
management and the incident’s risk (Ri) could be calcu-
lated by using a simple mathematical representation, as 
seen in Equation 7 (Modarres 2006):

  (7)
Where:

Pi  –  the frequencies or probability of incident
Ci  –  the amount of adverse consequence caused by 

incident or the magnitude of potential losses
In general, the overall amount of incident’s risk (Rx) 

for n number of incidents can be represented by Equa-
tion 8:
  (8)

Where:
Pi  –  the probability of the ith incident
Ci  –  the magnitude of potential losses for the ith inci-

dent
n  –  the number of incidents
As all incidents do not have the same degree of im-

portance, it is essential to consider the incidents’ impor-
tance measure. Therefore, with considering the degree 
of importance of the incident, the weighted incident risk 
is calculated with Equation 9:

  (9)

Where:
Rw – the weighted incident risk
wi – the degree of importance of the ith incident
Ri – the risk of the ith incident
n – the number of incidents
In this way, the fi nal weighted risk is sorted to give a 

prioritized list of mines.

3.  Analyzing occupational accidents 
in Iran’s mines

Iran is one of the main mineral producers in the world 
and mining is an important economic sector of this coun-
try. Iran ranks among one of the 15 major mineral-rich 
countries in the world. It has 68 types of minerals with 
37 billion tons of proven reserves and more than 57 bil-
lion tons of potential reserves. The population of Iran is 
about 80 million, which is one percent of the world’s 
population, while there is more than seven percent of the 
total world mineral reserves in this country (NCSI 
2019). Regarding the National Statistical Centre of Iran 
(NSCI), there are about 5000 active mines in Iran with 
12 metal and 36 non-metal ores currently being exploit-
ed, which can be categorized as coal, iron ore, metallif-
erous, and quarry. Some useful information about Iran’s 
mines in 2016 and 2017 are summarized in Table 3.

Occupational health and safety is an important issue 
in mining operations. Hazards encountered in each min-

ing activity need to be recognized to prioritize the dan-
gerous areas in which the safety system is weak. Study-
ing and analyzing the occurred incidents is a helpful 
method to improve this factor. Therefore, in the rest of 
this section, the injury-related accidents in different 
types of Iran’s mines are analyzed. To achieve this, the 
analyses are performed for coal, iron ore, metalliferous 
and quarry mines from 2012 to 2017. Figure 1 shows 
the incident frequency per the number of mineral types. 
According to Figure 1, the coal mines, with 6.56 inci-
dents per mine on average, has the highest incident fre-
quency. In 2014 and 2015, the number of incidents in 
coal mines has been approximately constant while it in-
creased by 70.22 percent from 2015 to 2016 and 60.49 
percent from 2015 to 2017. The frequency of incidents 
has increased in the iron ore and metalliferous mines by 
only 22.89 and 15 percent, respectively. It should be 
noted that the average incident frequency in iron ore, 
metalliferous, and quarry mines are 1.21, 1.16, and 0.14 
respectively, which shows that the lowest number of in-
cidents occur in quarry mines.

Table 3: Number of mines, employees and minerals 
production in 2016 and 2017 (NSCI 2019)

Mineral 
type Year

Number 
of mines 

in operation

Number of 
employees

Production 
(ton)

Coal
2016 92 10136 3250821
2017 88 9997 3436958

Iron ore
2016 119 25042 57328697
2017 135 25688 68440187

Metalli-
ferous

2016 155 15500 12450705
2017 211 16412 13087059

Quarry
2016 4047 38260 269830083
2017 4398 39353 265258022

Figure 1: The frequency of incidents for Iran’s mineral types 
from 2012 to 2017

Since the number of the mine’s employees exposed to 
the adverse consequences of incidents is not the same, 
the frequency of incidents per 1000 employees has been 
calculated and given in Table 4. According to Table 4, 
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the coal and quarry mines, respectively have the highest 
and lowest frequency of incidents. The frequency of in-
cidents per 1000 coal mine employees decreased signifi -
cantly after 2013 while it sharply increased in 2016 and 
2017. The incident frequency of iron ore and metallifer-
ous mineral types has increased from 2016 to 2017. The 
results indicate that coal mines are the most incident-
prone mines of Iran.

Table 4: The incident frequency per 1000 employees

Mineral 
type 2012 2013 2014 2015 2016 2017

Coal 55.27 68.79 59.32 56.00 116.60 92.65
Iron ore 32.20 31.53 24.10 39.17 30.27 42.84
Metalliferous 27.01 25.02 21.17 25.14 23.36 33.48
Quarry 13.38 19.22 22.73 20.24 24.52 16.88

Table 5: The number and causes of accident in 2017

Mineral type Blasting Accident Fall/slide of 
person

Electrical 
shocks

vehicle-related 
incidents

Sharp 
objectives Collapse Other

Coal 6 188 33 1 39 129 221 137
Iron ore 2 65 66 16 36 46 5 37
Metalliferous 8 49 42 9 37 54 22 20
Quarry 10 84 55 35 135 192 13 18

Figure 2: Distribution of incidents’ causes in 2017

Figure 3: Distribution of injuries based on body part in 2017

Regarding NSCI, the distribution of accident-related 
injuries for Iran’s mines in 2017 is calculated and shown 
in Figure 2. According to Figure 2, sharp objects, traf-
fi c-related accidents, and collapse with 23.13, 21, and 
15.19 percent of all incidents, respectively, were the 
main causes of incidents. The main incident types for 
different mines are also given in Table 5. Regarding Ta-
ble 5, collapse and sharp objects were the most frequent 
accidents of the coal and quarry mines, while traffi c-re-
lated accidents were the main reason for incidents in 
metalliferous and iron ore mines.

4. Injury risk analysis for Iran’s Mines

This section is devoted to assessing the injury risk and
then ranking Iran’s mining activities. In the fi rst step, all 
injuries should be recognized as adverse consequences. 
The distribution of injuries based on the human body 
part is calculated regarding the reports of NSCI in 2017 
and shown in Figure 3. According to Figure 3, the up-
per and lower body were the injured body parts with the 
highest and lowest injured frequency, respectively. Three 
parts of the body, including the upper body, lower body, 
and head were involved in 71.52% of all injured parts. It 
is noted that the upper body-related injuries in coal, iron 
ore, metalliferous, and quarry mines were contained 
30.80, 29.48, 38.83, and 44.59 percent of all injuries, 
respectively.

All injuries caused by incidents lead to adverse loss-
es, including the PD, TTD, TPD, and even fatality. Fig-
ure 4 shows the adverse consequences per year for each 
type of Iran’s mines. According to Figure 4, most em-
ployees in the coal and quarry mines suffered from inci-

dents that cause PD. The TTD had the lowest probability 
at all mines and was zero in most cases. The TPD prob-
ability in the coal, iron ore, metalliferous and quarry 
mines respectively, was 0.0059, 0.0161, 0.0626, and 
0.0253, on average. In other words, the metalliferous 
and quarry mines had the highest TPD probability, re-
spectively. The probability of fatality in coal mines had 
a downward trend from 2012 to 2016, but it increased 
about 16 times in 2017. It is worth mentioning that this 
refers to a disaster event accrued in Zemestan-Yurt un-
derground coal mine in the Golestan Province of Iran. 
On May 3, 2017, when miners were trying to power a 
locomotive using an external battery, a gas explosion oc-
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curred and 42 workers were killed and at least 75 work-
ers were injured. On the whole, the probability of fatal-
ity was higher in quarry mines in comparison to other 
mines for the reviewed period. It is worth noting that the 
probability of fatality in iron mines has signifi cantly de-
creased over the passing years.

In the following section, the injury risk of each mine 
is evaluated and then the weighted injury risk is calcu-
lated by considering the degree of importance of inci-
dents. To achieve this, at fi rst, the expected injuries from 
each incident and the number of people sharing the risk 
were considered for each mineral type, and then, the in-
jury risk of each adverse consequence for different min-
eral types was calculated. For example, regarding Fig-
ure 4, the expected partial disability per year in the coal 
mine is 0.095 in 2017. Considering the total of 8138 
persons exposed to risk, then the partial disability risk is 
calculated as 1.165e-5 (=0.095/8138) per employee per 
year. The results are given in Figure 5. According to 
Figure 5, the TTD risk was at the lowest level of all min-
ing activities. In coal mines, the TTD and TPD risks 
were at the lowest level while, the PD and fatality risk 
increased sharply in recent years, respectively. That is 
due to numerous accidents which occurred in under-
ground coal mines, where gas explosions were the main 
incidents. In iron mining, fatality was the main conse-
quence of incidents and all types of injury risks had a 
downward trend in recent years. In metalliferous mines, 
all risk values were so varied over the passing years. For 
example, the fatality risk had a downward trend in 2013, 
2015, and 2017, but it had an upward trend in 2014 and 

2016. It is noted that from 2016 to 2017, the PD risk in-
creased 17 times, while the fatality risk decreased by 
about 30 percent. These changes persuade us to consider 
the degree of importance of each adverse consequence 
to fi nd the most hazardous working places. In quarry 
mining, all risks were at the lowest levels in comparison 
to other mining activities. It should be noted that the fa-
tality risk of quarry mines was higher than other risks in 
recent years.

The rest of this section is devoted to ranking mining 
activities based on the risk of injury. To reach this, the 
weight of each consequence was identifi ed using the 
AHP method and then, the weighted injury risk was cal-
culated for different types of mines. In this study, techni-
cal experts in the fi eld of health and safety were used. 
Some questionnaires about the degree of importance of 
each adverse consequences (injuries) were prepared and 
fi lled out by mine safety and health experts. The experts 
were asked to state their judgments about the degree of 
importance of the incidents using linguistic scales. Then, 
numerical scales, as shown in Table 2, were used to 
quantify the linguistic scales. In the fi rst step of the AHP, 
the quantitative data, obtained from the questionnaires, 
was averaged and the comparison judgment matrix was 
created as Table 6.

After creating the judgment matrix, the weight vector 
of the matrix was calculated using the normalized geo-
metric mean method using Equation 2. For example, 
considering four adverse consequences (n=4), the de-
gree of importance of consequence PD (wPD) are calcu-
lated using Equation 2 and Table 6 as:

Figure 4: Consequence per year in the various mineral types of Iran
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The results show that the normalized degree of impor-
tance of adverse consequences of incidents, including 
PD, TTD, TPD and fatality was 0.058, 0.109, 0.224, and 
0.608, respectively. Considering the judgment matrix, A 
(see Table 6) and the weight vector for all incidents (W), 
the eigenvalue of the judgment matrix (λ) is calculated 
using Equation 5 as follows:

 

Then,

 

The maximum eigenvalue of the judgment matrix 
(λmax) or the average over the elements in the resulting 
vector was calculated 4.188. The dimension of the ma-
trix was 4 and therefore the random index was calculated 
(RI=1.980×[(n - 2)/n]=) 0.990 using Equation 6. Ac-
cording to Equation 4, the consistency index was also 
(CI=(λmax–n)/(n-1)=(4.188–4)/(4–1)=) 0.063. Therefore, 
the consistency ratio was calculated (CR=CI/
RI=(0.063/0.990)=) 0.064 which is lower than 0.1. On 
the other hand, the consistency of the judgment in the 
comparison matrix was acceptable.

Considering the weight of adverse consequences, the 
weighted injury risk (Rw) for all mineral types was 
 obtained using Equation 9. For example, the overall 
risk for coal mines is 5.4e-6 (=(116.4e-7×0.058)+(10.

Figure 5: Annual injury risk for diff erent mining activities from 2012 to 2017

Table 6: The judgment matrix of the adverse consequence

PD TTD TPD Fatality
PD 1 0.467 0.433 0.067
TTD 2.143 1 0.500 0.150
TPD 2.308 2.000 1 0.633
Fatality 15.000 6.667 1.579 1

Table 7: Priority of the mineral types based on the weighted injury risk

Mineral type
PD TTD TPD Fatality Rw Rank

IR* ID** IR* ID** IR* ID** IR* ID**
Coal 116.4e-7 0.058 10.7e-7 0.109 0 0.224 75.1e-7 0.608 5.4e-6 1
Iron ore 8.3e-7 0.058 16.6e-7 0.109 8.3e-7 0.224 16.6e-7 0.608 1.4e-6 3
Metalliferous 114.9e-7 0.058 32.8e-7 0.109 0 0.224 27.3e-7 0.608 2.7e-6 2
Quarry 4.9e-7 0.058 8.4e-7 0.109 3.5e-7 0.224 13.2e-7 0.608 1.0e-6 4

*Injury risk (per person per year), **Importance degree
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7e-7×0.109) +(0×0.224) +(75.1e-7×0.608)) per person. 
The results are given in Table 7. The priority of each 
mining activity based on the weighted injury risk is also 
given in Table 7.

According to Table 7, the extraction of coal with an 
overall injury risk of 5.4 per one million persons is the 
most dangerous mining activity in Iran. There are more 
than 90 coal mines in Iran with more than 144 million 
tons proven reserves and more than three million tons of 
annual production. All coal mines are exploited with the 
underground method and about 10,000 workers are ex-
posed to the health and safety hazards at workplaces. 
The collapse of roof and blasting are the most common 
causes of incidents in Iran’s coal mining and the risk ad-
justment strategies such as improving the roof condition 
and its stability, supervising and checking all safety con-
siderations, and also using a proper educational system 
should be considered for reducing risk levels.

4. Conclusions

This paper studied the occupational accidents that oc-
cur during various mining operations in Iran to prioritize 
different mineral extraction sectors based on injury risk. 
To achieve this, the adverse consequences of work-relat-
ed accidents, including partial disability, total temporary 
disability, total permanent disability, and fatality were 
studied and analyzed for coal, iron ore, metalliferous, 
and quarry mineral types of Iran. By considering the im-
portance weight of each consequence, obtained from the 
analytical hierarchy process, the weighted injury risk 
was calculated and mining activities were prioritized 
based on the overall injury risk. The results of this study 
show that collapse and sharp objects, traffi c-related ac-
cidents, and vehicle-related incidents were the main 
causes of incidents in Iran’s mines. The upper body, 
lower body, and head are involved as the most frequent-
ly injured parts of the human body. Risk analysis shows 
that coal mines have the highest level of fatality risks, in 
comparison to the other mineral types. The overall inju-
ry risk analysis indicates that coal, metalliferous, iron 
ore, and quarry mines, respectively were the most dan-
gerous mining workplaces in Iran. The results of this 
study can overcome some shortcomings of the conven-
tional statistical risk assessment. They are helpful for 
mine managers and directors to create a safe working 
place for their employees and protect them from occupa-
tional incidents. They can also be useful to establish 
policies for the minimization of the occupational hazard 
rate in the mining workplace.
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SAŽETAK

Analiza ozljeda u iranskim rudnicima

Rudarstvo i rudarenje visokorizične su aktivnosti koje izlažu radnike i tvrtke velikim opasnostima unutar medicine rada 
i sigurnosnih rizika. One su uzrokovane nesrećama pri transportu, miniranju ili urušavanju. Ovdje su analizirane ozbilj-
ne ili smrtonosne nesreće u iranskim rudnicima tijekom šestogodišnjega razdoblja, od 2012. do 2017. Izvori su bili stati-
stičke analize ozljeda u izvješćima Iranskoga nacionalnoga statističkog centra te podatci prikupljeni tematskim upitni-
cima od eksperata zaposlenih na rudničkoj sigurnosti i zdravlju. Prikazan je model određivanja prioriteta u rudarenju 
utemeljen na procjeni opasnosti od ozljeda na radu. Rezultati su pokazali kako iranski rudnici ugljena imaju najveću 
stopu nesreća te se stoga tamo trebaju razmotriti posebne mjere sigurnosti. Nadalje, najmanji su udjel imale ozljede koje 
su prouzročile privremenu radnu nesposobnost, dok su one sa smrtonosnim ishodom bile zadnjih godina najzastuplje-
nije. Rezultati će pomoći kod opažanja opasnih radnih uvjeta tijekom rudarenja i tako zaštititi radnike od rizika upući-
vanjem na sigurnosne mjere.

Ključne riječi:
rudarski zahvati, rudnici u Iranu, teške ozljede, procjena rizika
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