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Abstract
Analyses and assessments of hazards occurring in work processes are carried out by teams, in which there is usually one 
representative of the personnel, as the embodiment of the active participation of employees in the assessment of occupational 
risks. This is why the article presents research on all employees’ knowledge and awareness about risks in their work environ-
ment. The research was carried out in the form of an employee survey in one of the open-pit mines, at workstations dealing 
with the loading and transporting of excavated material. The survey included a list of 40 hazards divided into four groups: 
(1) hazards related to machines and equipment used, (2) hazards related to exposure, (3) hazards with an impact extending 
beyond the workstation and (4) hazards of an ergonomic nuisance nature, where employees were required to indicate which 
hazards apply to their workplaces and determine their level of significance, probability of occurrence and the scale of pos-
sible effects. In this way, a hierarchical identification of threats occurring at the analyzed workplaces was made, and the 
obtained results were used to determine the amount of occupational risk both for specific workstations and for the whole 
technological process. The measures of the magnitude of occupational risk obtained using the proposed method have showed 
that, according to the respondents, greatest risks at the workstation are associated with moving machines and vehicles and 
with mobile equipment. Equally important risks, which were often mentioned by employees, were those directly related 
to their health, i.e., related to ergonomic nuisance and exposure. Threats resulting from geological and mining conditions, 
considered typical for mining, were important for the surveyed miners but they were not the most important owing to proper 
prevention, good organization of work and high safety culture The active involvement of the crew in the process of assessing 
occupational hazards allowed to identify the significance of each hazard, in the opinion of the personnel working at various 
places and to use this ranking for determining occupational risk levels in the mining company concerned. The research has 
also outlined another goal to be achieved: a comparison of the relative significance of hazards identified by the employees 
and of the hazards listed in occupational risk assessment matrices used by mines.
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1  Introduction

Jobs in the mining industry are characterized by features 
that distinguish them from positions in other industries and, 
undoubtedly, work is done in difficult, very diverse and spe-
cific conditions. The most important of them include:

(1)	 Variable and sometimes difficult to predict geological 
conditions of mineral deposits;

(2)	 Inherent natural hazards;
(3)	 Many dangerous, harmful and burdensome factors;
(4)	 Different, usually higher, levels of risks from typical 

hazards encountered in other work processes (Korzen-
iowski and Nowak-Senderowska 2015, 2021).

Knowledge about the existence of hazards and their 
sources and severities is necessary to perform analyses in 
enterprises for the purpose of assessment of occupational 
risk, for morbidity and accident rate, for employee training 
or for work optimization (Niciejewska et al. 2021; Qiu et al. 
2021; Shekarian et al. 2021; Klimecka-Tatar and Matevž, 
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2020; Niciejewska and Obrecht 2020; Dzeng et al. 2016; 
Kariuki and Löwe 2007; Gajdowska and Ramiącek 2019; 
Szopa 2004). Therefore, the analysis of occupational hazards 
in any work process, and in particular in mining, should pro-
vide information on a wide range of diversity in order to take 
effective and comprehensive actions to reduce occupational 
risks, and not only be a fulfillment of legal requirements 
(Council Directive 89/391/EEC of 12 June 1989; Swuste 
2008; Labor Code of 26 June 1974). In practice, ready-made 
reference risk sheets are used, which are usually compiled 
by uncomplicated and “instant” methods, do not require too 
much of data input (Kokangül et al. 2017; Ozdemir et al. 
2017) and are not “customized” for job-specific occupational 
risk assessments (Nowak et al. 2020).

It should be noted that it is rare for occupational risk 
assessment to take into account the subjective perception 
of hazards by individual employees (Nowak et al. 2020; 
Yule et al. 2007). Therefore, the authors have developed a 
method for assessing hazards based on specific environmen-
tal knowledge and hazard awareness of employees in order to 
obtain an additional source of information about the hazard 
in the working environment of miners and to enable a more 
effective use of risk analysis results in occupational safety 
management (Karczewski 2020). This method, based on 
certain elements of the method described in PN-N-18002 
and on the Risk Score, provides results which reflect the 
level of knowledge about, and awareness of, hazards faced 
by employees and which are easier to understand for employ-
ees themselves and useful for managerial staff.

The knowledge and awareness of employees about occu-
pational hazards in their work environments can also be used 
to identify hazards and this information base makes it pos-
sible to measure the significance of hazards, as perceived by 
people working at various places, by assigning hazards into 
two groups: global hazards (affecting the entire technologi-
cal process in question) and local hazards (occurring only 
within the area of a single workplace). In addition, data and 
results obtained based on the hazard identification and risk 
analysis using the employee potential offer benefits in the 
actual management of occupational safety throughout the 
mining enterprise (Nowak-Senderowska and Patyk 2021).

2 � The collection of data and information 
on the technological process in terms 
of identifying occupational hazards

The capture of data and information about hazards occurring 
in the mining plant during the implementation of the techno-
logical process began with the author’s getting familiar with 
the existing occupational risk sheets compiled using the Risk 
Score method and developed by the mine’s OHS supervi-
sors. A total of 55 different hazards or hazardous factors 

occurring at different workplaces were identified. Some of 
these hazards had to be merged and given new names, which 
was done in consultation with the Mine Operations Man-
ager and the OHS service. Ultimately, 40 hazards were left, 
which were divided into 4 groups (Fig. 1).

In addition, the process of identifying hazards to spe-
cific jobs in the technological process used inputs from the 
employee survey. The results of the survey shed more light 
on what hazards employees are exposed to at specific work-
places and how individual hazards affect the technological 
process.

3 � The assumptions of the new method 
of work‑related risk assessment based 
on employees’ knowledge about, 
and awareness of, hazards

3.1 � The employee survey and parameters 
of occupational risk assessment

The employee survey became a basis for determining severi-
ties of occupational risks occurring locally, at workplaces, 
and globally, throughout the technological process. The 
survey used a dedicated questionnaire (Fig. 2) in which the 
surveyed employees were supposed to identify each hazard 
affecting their workplaces and, then, measure the hazard in 
terms of (1) Importance of hazard; (2) Probability of occur-
rence; and (3) Size of the possible consequences of hazard.

These parameters underlie the method developed espe-
cially for the purpose of risk assessment, which is a com-
bination of some elements taken from the risk assessment 
method according to PN-N-18002 and from the Risk Score 
method (Pietras 2012; Trotsky 2013). In the proposed 
method, the level of each risk is defined as a product of 
three parameters, the elements of the Risk Score method 
(Kinney and Wiruth 1976), which are rated on the five-point 
scale taken from the PN-N-18002 method. The parameters 
are “importance”, “probability” and “size” and the weights 
range from “5” (“very high”) to “1” (“low”) (Table 1).

After determining the risk factor which is the product 
of the three parameters expressed on the five-point scale 
(Eq. (1)), the risk (risk level) evaluation should be started. 
There are the following three risk levels, as presented in the 
risk assessment matrix (Fig. 3).

where, I is the importance of hazard, pts; P is the probability 
of occurrence of hazard, pts; C is the size of the possible 
consequences of hazard, pts.

The first level, marked in green, is the “small risk”. 
This means that a given hazard occurring at a particular 

(1)R = I ⋅ P ⋅ C
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workplace is “acceptable” and there is no need to take any 
corrective action for this risk. At most, random checks 
of the risk are recommended. The second level of risk, 
marked in yellow, is the “medium risk”, which means that 
the tested level of hazard at a given workplace is “toler-
able” (conditional acceptance). But it is recommended to 
constantly monitor the risk to check whether its level does 
not increase (to make sure that it remains, at worst, at the 
same level). In addition, it is recommended to implement 
appropriate corrective measures aimed at eliminating or 
mitigating the factors causing the risk. The last level of 
risk, marked in red, is the “high risk” which is “unaccep-
table”. In this case, an immediate action should be taken 
to reduce the level of this occupational risk at least to the 
acceptable level (e.g. through appropriate protection meas-
ures). Further, the planned work must not be started until 
the risk level has been reduced at least to the “tolerable” 
level (PN-N-18002:2011).

3.2 � The determination of severity 
of an occupational risk in local and global terms

The occupational risk for a specific workplace was expressed 
as a mean of the products of the interviewed employees for a 
given hazard. Accordingly, the risk of a given hazard accord-
ing to each employee was calculated first and, then, these 
values were averaged for each workplace separately.

To determine the occupational risk in global terms, the 
values obtained from the products of each employee were 
averaged, thus creating the value of occupational risk from 
a given hazard in the entire technological process.

In order to determine the level of occupational risk occur-
ring at as given workplace and in the entire technological 
process, all the point values for given hazards should be 
summed up and then divided by the number of identified 
hazards (Eq. (2)). This is how the mean occupational risk 
level, AR, related to the area studied is obtained.

Fig. 1   The list of identified hazards occurring during the implementation of the technological process in the open-pit mine
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where, AR is the averaged risk level of the analyzed area, pts; 
ΣRi is the sum of the point values of the analyzed hazards, 
pts; nRi is the number of analyzed hazards, units.

An additional element of the new method is the possibil-
ity of empirical determination by how much it is possible to 
reduce the level of occupational risk occurring in a given 
workplace, through the use of appropriate corrective and pre-
ventive measures (correction factor xj). The minimized value 
of the occupational risk, MR, is calculated by multiplying the 
previously obtained risk level, AR, for a given hazard in the 

(2)AR =

∑

Ri

nRi

analyzed area by the correction factor. The value of the correc-
tion factor depends on the previously obtained risk level and 
is equal to 0.75 for moderate-risk hazards and 0.5 for high-
risk hazards. The values obtained for all the hazards are added 
together and then divided by the number of identified hazards 
(Eq. (3)).

where, MR is the minimized risk factor in the analyzed area, 
points; ΣRi is the sum of the point values of the analyzed 
hazards, points; nRi is the number of analyzed hazards; xj is 

(3)MR =

∑

Ri ⋅ xj

nRi

Fig. 2   Fragment of the employee survey questionnaire

Table 1   The scale for the assessment of weights of the parameters used for the occupational risk assessment for the workplaces and for the tech-
nological process

Parameter\weight 5 4 3 2 1

Importance Severity of hazard Very high High Considerable Moderate Low
Probability of occurrence of hazard Very high High Considerable Moderate Low
Size Severity of possible effects of hazard Very high High Considerable Moderate Low
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the risk correction factor depending on the result of the risk 
estimation:

Based on Eqs. (2) and (3), it can be concluded that the 
level of the analyzed occupational risk, PR, for a specific 
area is therefore located between the MR and AR values 
(Eq. (4)).

The new method of occupational risk assessment allows 
identification of the most significant hazards and their risk 
levels at a given workplace (workplace hazards) and in the 
entire analyzed process (global hazards). For the occupa-
tional risk assessment to be reliable, the data must come 
from at least two employees. For better accuracy, it is advis-
able that all employees take part in the survey.

4 � The results of the survey 
and the occupational risk assessment 
according to the proposed method

4.1 � The size of the occupational risk at the level 
of the analyzed workplaces

The employees completed the survey forms in accordance 
with the established rules. They completed 13 survey 

xj =

{

0.75, if 24 < AR ≤ 74

0.5, if AR ≤ 74

(4)
∑

Ri ⋅ xj

nRi
≤ PR ≤

∑

Ri

nRi

forms. After the completed occupational risk assessment 
using the results of the employee survey about hazards 
in their working environment, the hazard associated with 
HM5 (moving machinery and vehicles) was identified as 
the most risky (Fig. 4). This hazard is unacceptable in the 
case of the two analyzed positions (mine foremen—100 
points, mechanics 81.3 points) and requires immediate 
corrective actions aimed at reducing the level of risk. For 
the both positions it is suggested to increase visibility of 
employees by adding reflectors and red lights to employ-
ees’ helmets. In addition, the machines can be equipped 
with additional cameras to facilitate the maneuvering of 
vehicles. Such measures would reduce the likelihood of 
the occurrence of this hazard, and the level of risk from 
high to moderate. Regarding other workplaces, none of 
the analyzed hazards involves a high level of risk (Figs. 4 
and 5).

The mine foremen identified in the questionnaire forms 
only 16 hazards that occur at their workplace. These were 
respectively 3 hazards from group 1, 4 hazards from 
groups 2 and 3, and 5 hazards from group 4 (Figs. 4 and 
5). Among the 16 identified hazards, 8 hazards involve an 
acceptable risk while the remaining 8 a tolerable or unac-
ceptable risks, which means that the risks are acceptable 
in for 50% of the hazards. These workers paid particular 
attention to the hazards associated with the machinery: 
HM5 (moving machinery and vehicles) and HM7 (impact 
from mobile equipment); hazards related to exposure (envi-
ronment): HF2 (noise), HF6 (stress) and HF11 (dust); haz-
ards occurring outside the workplace: HI4 (movement of 
rock or earth masses) and HI6 (off-site traffic accidents); 
as well as hazards of an ergonomic nature: mainly HE5 
(mental strain). These hazards are characterized by moder-
ate and high risks (Figs. 4 and 5).

Loading machine operators identified a total of 39 haz-
ards but 22 of them (56%) are characterized by acceptable 
risks. These employees identified the following in the group 
of hazards involving moderate risk: 6 hazards from group 1 
(HM), 4 from group 2 (HF), 2 from group 3 (HI) and 5 from 
group 4 (HE). This means that, for these employees, the 
most important are the hazards from the HM and HE groups.

Another group of employees in terms of the number of 
identified hazards were haul track drivers. These workers 
identified a total of 40 hazards, of which 20 are character-
ized by a low level of occupational risk. The moderate-
level hazards included 7 hazards from group 1 (HM), 8 
from group 2 (HF), 1 from group 3 (HI) and 4 from group 
4 (HE) (Figs. 4, 5 and 6). This means that, for these work-
ers, the most significant are the hazards from groups 1 
(HM) and 2 (HF).

The last of the surveyed groups of employees were 
mechanics who identified a total of 40 hazards, but only 16 
of them (or 40%) are characterized by risk at the acceptable 

Fig.3   Risk assessment matrix according to the proposed method
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level. This group, like the mine foremen, pointed out a high 
and, at the same time, unacceptable risk for the hazard asso-
ciated with HM5 (moving machines and vehicles). In addi-
tion, the workers in question identified in each hazard group 
the largest number of hazards characterized by moderate 
or high risk (Figs. 4, 5 and 6). Based on the analysis car-
ried out, it can be concluded that this position is the main 
target area for the introduction of preventive and corrective 
measures.

4.2 � The size of the occupational risk at the level 
of the analyzed technological process

The professional risk analysis of the entire technological 
process presents an averaged assessment of all risk values 

for the individual workplaces carrying out loading and trans-
port operations as part of the analyzed process. The analysis 
shows that in the whole process there are 16 hazards with 
acceptable risk and 24 hazards characterized by tolerable 
risk (Fig. 7).

Most of the hazards characterized by a moderate level of 
risk belong under the HM, HF and HE groups of hazards. 
In the HI group, such hazards are only those related to HI4 
(movement of rock or earth masses) and HI6 (off-site traffic 
accidents).

The obtained results of the size of occupational risk at the 
level of the technological process (global approach) showed 
the average occupational risk at a level slightly above accept-
able: 25.69 points (Fig. 8). According to the developed 

Fig. 4   The results of occupational risk assessment for the analyzed positions—hazards from groups 1 and 2
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method, the average level is tolerable (tolerated risk) but 
the analyzed hazards should be monitored at all times.

A special job position in the assessment is the one of the 
mechanic whose averaged risk level is more than 6 points 
higher than the process risk (Fig. 8).

4.3 � Reducing the level of the estimated 
occupational risk

The developed method also allows the use of the so-called 
correction factor, which is supposed to indicate how much 
it is possible to reduce the average level of risk, AR, for a 
specific hazard (Eq. (2)), which allows you to quickly deter-
mine the mode of action to reduce the level of occupational 
risk for a specific position, and thus for the entire process. 
In the case of the analyzed process (including the loading 
and transport of spoil), the resulting value of the average 
level of occupational risk can be corrected by about 17%: 
from 25.69 to 21.26 points (Figs. 8 and 9). The correction 
factor applied reduces the level of risk analyzed from the 
tolerable level to the acceptable level, with some excep-
tions. These exceptions include the position of the mechanic 
which remains at the tolerable level even after the applica-
tion of corrective measures, which is associated with con-
stant monitoring of the hazards occurring at this position.

In the case of the analyzed positions, the risk value may 
be reduced by 17% up to 27% (in the case of the mine fore-
men), which involves a number of corrective and preventive 
measures introduced for individual positions and for entire 
areas in the technological process.

4.4 � The summary of the analysis

The analysis is summarized by the graphical depiction 
(Fig. 10) of the level of risk occurring in the entire ana-
lyzed technological process and in its individual compo-
nents, including robots at given workplaces. This illustra-
tion shows:

(1)	 The averaged occupational risk level (AR) for both the 
whole process and the jobs analyzed;

(2)	 The minimized level of risk for the analyzed area (MR) 
for the entire process and the analyzed workplaces;

(3)	 The number of hazards with the acceptable level of 
risk and their percentage in relation to all the hazards 
identified;

(4)	 The most significant hazards at a given workplace and 
throughout the process;

(5)	 The hazards with the highest level of risk.

Fig. 5   The results of occupational risk assessment for the analyzed positions—hazards from groups 3 and 4
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Fig. 6   Size of the occupational risk at the job positions
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5 � Conclusions

(1)	 The occupational risk assessment carried out, based 
on the results of employee surveys and the adopted 
assessment methodology, on the example of the ana-
lyzed technological process of the open-pit mine, made 
it possible to take into account in a significant way the 
attitude to the hazards presented by the employees. 
Involving employees in the process of occupational 
risk assessment, which results in both generating up-to-
date knowledge and stimulating and raising employee 

awareness, are essential to the building of the work 
safety culture in the plant.

(2)	 The workers who took part in the survey identified 
HM5 (moving machinery and vehicles) as the hazard 
involving the highest risk. This risk for different sta-
tions was estimated as high (the mine foreman and the 
mechanic) or moderate (the loader / machine operator 
and the haul truck driver). Another hazard is HE3 (load 
on the musculoskeletal system), especially in the case 
of the mechanic, loader / machine operator and the haul 
truck driver).

(3)	 A very interesting observation is that workers iden-
tified more often the hazards accompanying them in 
continuous work, i.e. the hazards found in the groups 
concerning ergonomic nuisance (HE) and risks related 
to exposure (HF).

(4)	 On the basis of the study, hazards with a global impact, 
i.e. at all workplaces, are hazards such as HF2 (noise), 
HF6 (stress) and HF11 (dust). The study has also iden-
tified hazards characterized by local impact (lack of 
transfer between sites), i.e. hazards occurring only at 
given workplaces. 10 hazards of this type have been 
distinguished.

(5)	 The developed methodology and the occupational risk 
assessment carried out according to it for the entire 
technological process has shown that the analyzed pro-
cess is characterized by the tolerable (moderate) risk 
level: 25.69 points, slightly exceeding the level for the 
acceptable risk (24 points). The global approach to risk 
allowed us to identify the workplace (area) that is the 
weakest link in this technological process. This is the 
position of the mechanic whose averaged risk value was 
6 points higher than the averaged occupational risk for 
the process. The current level of risk is not a problem in 
the normal work of employees in this position, although 
hazards that are characterized by moderate (tolerable) 
risk must be constantly monitored. In the case of other 
positions, the level of averaged risk indicated the tol-
erable risk, but after applying appropriate corrective 

Fig. 7   The results of the occupational risk assessment for the techno-
logical process

Fig. 8   The averaged risk level (AR) in terms of position and process

Fig. 9   The minimized level of risk (MR) in terms of position and pro-
cess
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measures it is possible to reduce this level to accept-
able.

(6)	 Unfortunately, the survey did not cover employees 
involved in blasting works and working at the crushing 
plant. On the other hand, completed questionnaires were 
received from employees involved in the control of the 
condition of machines: mechanics and employees super-
vising the work of people (the mine foremen). These two 
additional groups of employees enriched the analysis by 
taking a broader look at the implementation of the tech-
nological sequence, which is limestone mining.
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