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This article focuses on the number of accidents at work in enterprises in the steel industry. Accidents have a significant
effect on the operations of enterprises due to the social and economic costs they generate. This article presents the
dependence between the number of accidents at work, demographic characteristics (sex, age) and work experience of
injured persons, which allows for the identification of risk groups based on to the tested feature. The scope of the analysis
covers the structure of accidents at work in the steel industry in the years 2009—2015. The aim of this article is to present
the dependence between the number of accidents at work and the demographic characteristics and work experience of
workers employed in the industry under examination. The conducted analysis led to the conclusion that there is a relation
between the number of accidents at work and the demographic characteristics of persons sustaining an accident at work.
In the period between 2009-2015, male workers aged 30—39 were involved in accidents at work the most frequently. The
research methodology applied in this article consists of: absolute and generic analysis of work accidents, ratio analysis
and statistical analysis of the relation between the number of accidents at work and the demographic characteristics of
workers injured in accidents. The applied methodology of analysis of accidents at work may be used for a benchmark

analysis of various industry sectors in any country or the same sectors in various countries.

Keywords: Accidents at Work; Legal Requirements; Statistical Analysis; Metallurgical Enterprises; Safety at Work.

Introduction

The process of getting the answers on such questions may
be a part of metallurgical work accidents comparative analysis
in the whole world. Work accidents result in economic and
social costs and their occurrence affects the operations of
production companies. This may result in production
downtimes, delivery and customer order realization delays
(Brown et al., 2000). The safety of work is specified by the
applicable general and specific legal rules in individual
countries internationally. The employers all over the world
are obliged to ensure and provide safe, hygienic and
ergonomic conditions of work (Council Directive 89/391/EEC;
Malysa et al., 2016; Malysa et al., 2017). The issue of work
safety is particularly important in production companies,
especially those in the branches with high levels of danger.
In Poland, it is metallurgy sector (Gajdzik et al., 2015).

In order to protect the operations of companies, it is
important to develop and implement the methods and
techniques of work accidents prevention in individual
industry branches. The approach to the safety management
should take the technological profile of the company into
account. According to the contemporary concepts of safety
management it is effective to apply technical, organisational
and psychological measures. The technical solutions most
frequently reduce the accident risk at root (the application
of barriers preventing the worker from getting into the
danger zone) while the organisational measures are meant
to influence the development of work procedures. The
psychological measures concentrate on the engagement of
workers and their significant influence on work safety
culture development at work.

The development of work safety culture is often a
subject of study (Nowacki, 2019; Guldenmund, 2000; Cox
& Cheyne, 2010; Yangho et al., 2016, Sorensen, 2002,
Nielsen, 2014, Cox & Flin, 1998; Cox & Cox, 1996)
because it is the chance to engage all the workers in work
safety activities that may become a successful solution for
work safety issues (Glendon & Stanton, 2000). One of the
results of these studies are models describing security
systems on the example of the industry sector. The models
are both descriptive (for example historical models)
(Markey & Patmore, 2011; Wallace, 1987) and statistical
(Kim & Cho, 2016; Long & Freese, 2014).

One of the solutions that has influence on safety
improvement is the application of work safety management
system along with the measures reducing the risk of an
accident (Santos et al., 2013). The implementation of the
management system (Granerud and Rocha, 2011) provides
the employers with the tools allowing to take up the
challenges and limiting the behaviours that may lead to the
accidents at work. The systems used in Poland are based
on 18000 series standards. They deal with the following
aspects: the requirements and guidelines for professional
risk assessment and the stages of system implementation.
In other countries (Carrillo et al., 2012), as well as in
Poland, the standard OHSAS is used which is compatible
with the 18000 series standards. Currently, the new
international standard 1SO 45001 is being formulated
which will replace the BS OHSAS 18001 and polish
standards of PN-N 18000 series (PN-N 18001:2004, PN-N
18002:2011, PN-N 18004:2001). The above mentioned
standard is expected to have a similar structure to the
standards 1ISO 9001 and ISO 14001, thus it will allow to
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unify the structure of the workers safety management
system. The applied change will probably result in the
easier implementation and certification of several 1SO
standards simultaneously. Such solution would make the
management systems in the companies more efficient and
would increase the synergy of results. The aim of
management systems is to control the dangers that may
adversely affect the health and safety of workers. The
implementation of the system allows to keep the
professional risk at an acceptable level (Koursi et al.,
2007) not only as a result of complying with legal
requirements, but as an element of management systems
effectiveness assessment. The implementation of the
solutions focused on work safety improvement is one of
the basic areas of operation for contemporary companies -
LM tools can also be included (Furman et. al., 2018). The
improvement of the financial profitability is intertwined
with the integrated policy focused on quality assurance,
protection of the environment and the assurance of safe
workplace conditions. The synergy of economic and social
measures reduces the faultiness of the products, time-
wasting and ensures the customer satisfaction.

In individual industry branches, accident level is
differentiated and dependent on professional structure
(work experience) and demographic structure (sex, age)
accident level. Research is conducted on the level of
influence of the characteristics of the injured (e.g. age,
seniority) on accidents at work (Hola & Szostak, 2017).
The individual professional groups are exposed to the
harmful rates, and the demographic conditions contribute
to the increase of the number of accidents and occupational
diseases. This article focuses on the impact of demographic
rates on the number and structure of workplace accidents
by the example of metallurgical industry in Poland. The
article is supplementing the knowledge on the human rate
influence on the accident rate in the researched industry.

The general purpose of this article was to present the
research methodology for work accidents in metallurgical
industry in Poland, which would in the future allow to
realise the benchmark analyses in the field of international
steel market. The detailed goals are: to determine the
accident level in metallurgical sector in Poland basing on
statistical data with accident severity and frequency rates
(general and partial rates) and to determine the level of
statistical dependence between the number of accidents
and the demographic characteristics of victims. The
statistical data gathered in the article provide information
on metallurgical sector in Poland.

The main goal of the article (paper) is statistical
analysis of safety at work in the metallurgical (steel)
industry in Poland. The steel industry in Poland is a key
industry in the technology industry, and its share is 2 % of
GDP. The work consists of the part covering literature

review in which reference is made to the general problem
of accidents in the aspect of key factors (the consequences
of accidents at work), and the practical part - the analysis
of accident indicators in the analyzed sector in 2009—2015.

Literature Review

The work accident is an accident that occurred
suddenly, was caused by an external rate, occurred due to
the work performed and resulted in injury or death of the
employee (Lis & Nowacki, 2005; Szlazak & Szlazak, 2012;
Malysa et al., 2016; Malysa et al., 2017). The definition of
the accident is not identical in all countries. The descriptors
of the accident are: suddenness and the external cause. The
differences relate to the consequences of the accident, i.e.:
damage, injury or loss. There are three variants of results:
the accident as an injury, the accident as an injury together
with the preceding situation, the injury as a result of the
accident. The differences relate also to the accident
consequences assessment, which include, among other
things, the following: physical injuries, material damage,
disruptions in manufacturing and the damages to the social
image of the company (Szlazak & Szlazak, 2012).

For the statistical purposes, the accident rates (general,
partial) are used in accident analysis. They allow to
compare the safety level in wvarious branches and
companies in chosen periods of time. The accident rate is a
sum of accidents occurred in the chosen time period, most
frequently in the calendar year. Not always the number of
accidents completely depicts the safety level in the
examined area, thus some additional rates (of severity and
frequency of the accidents) are used (Krause, 2014; Lis &
Nowacki, 2005). The frequency rates (W;) describe the
probability of accident occurrence. It is described as the
quotient of the workers injured as a result of the accident
(W) and the number of employed or working people (Z).
Analogically, this rate is applied for severe accidents (W
(2) and fatal accidents (W) (3). For relation between the
number of accidents and the production volume, we use
the accident frequency rate for the certain volume of
production (W). It is expressed as a quotient of the total
number of persons injured in work accidents (W) and the
production volume in Mg (P) (4).

The severity rates (Cw) inform on the severity of the
accidents or show the average number of work-days that is
lost as a result of a single accident. For the purpose of this
article this rate was described as a quotient: total work
absence caused by the accidents (Ds) and the number of
persons injured in accidents (W) — the relation 5 or the
number of work-days lost due to the work accidents (Ds) to
the difference between the total number of injured persons
(W) and fatal accidents (Ws) — the relation 5.
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For the purpose of this article, there were determined
the severity and frequency rates described with
mathematical relationships (1 to 6) which allowed to
perform the ratio analysis of accidents at work. In literature,
issues (Lis & Nowacki, 2005; Malysa, 2019; Szlazak &
Szlazak, 2012; Ceylan, 2012) and business practice accident
rates are most often used due to the possibility of comparing
the number of accidents in various industries, e.g. mining,
metallurgy industry (Malysa, 2019; Krause, 2015). The
assessment of the rate indicator also allows to compare the
number of accidents in a given enterprise. The authors of the
study, analysing bibliometric databases, did not register
conducting accident tests in the metallurgical sector in
Poland, therefore they undertook to fill the gap in the
analysed field. In the bibliometric databases i.e. SCOPUS,
Web of Science, Google Schoolar database, publications are
devoted to the analysed accident problem in the
metallurgical industry, e.g. Brazil, Turkey or India
(Perciliano & Silvano, 2019; Ujwala, et al., 2015, Ceylan,
2012 Saha, et al., 2007), however, there is no analysis for
the metallurgy industry in Poland.

Diversification of the method of measuring accident
rates in individual industry sectors depends on the scope of
conducted research and the degree of their detail and may
be based on both quantitative and qualitative data.

Methodology of the Performed Analysis

The performed analysis of the accidents that took place
in Poland (metallurgical industry) in years 2009-2015 was
divided into three stages:

o the first one presents the data relating to the
employment structure, the number of the accidents, the
types of the accidents, the number of work absence days
based on the data provided by the Central Statistics Office
in Poland,;

e the second stage presents the accident
(severity and frequency);

o the third stage presents the analysis of accidents
number in relation to the demographic characteristics.

The presented model of the accident analysis in the
metallurgical sector (figure 1) consisted in a set of
statistical data related to the accidents at work, allowing to
determine the accident rates (stage 2). The last stage (third)
consisted in the relation of the gathered accidents with the
age and experience of workers injured in accidents. The
applied methodology allowed to achieve the utilitarian
objective of the article.

rates

Stage 1
Absolute and generic analysis of accidents at
work in the steel mdustry in years 2000-2013

¥

Data relating to:

- the employment structure (number of people emplovedin
the steel sector in years 2000-2015) - fig. 2;

- the mumber of the accidents (types of the accidents: fatal,
serious and other work accidents) — fig. 3;

-type of ijured person (men, women}- fig. 4;

- the number of work abszence days — fig. 3.

Stage 2
Indicative analysis of accidents at work in

L4

the steel industry in years 2000-2013

Detenmination of indicators:

- frequency of total aceidents, serious and fatal accidents on
the mumber of people emploved in the steel industry - tab.1;
- frequency of total accidents per conventional production
unit - Mg - tab. 1;

- zeventy of accidents - tab. 1.

Stage 1
Analysis of the number of work accidents in
the aspect of demographic charactenstics

¥

Set of figures:

-regarding age and seniority - fig. 6 and fig. 7;

- determination of mncidence rates for particular groups due
to age and professional expenence.

Figure 1. Methodology of the Accident Analysis in the Metallurgical Sector

Source: own elaboration

Analysis of Accidents at Work in the Steel Industry
in Poland

The article analyses the accident rate in the
metallurgical sector in Poland in years 2009-2015. The
objective of the analysis was to determine the dependence
between the number of the accidents and the demographic
characteristics of the injured workers. The analysis was
done using the data published by the Central Statistics
Office — related to the accidents that took place in steel
manufacturing companies in Poland. Due to the time
period taken into account (eight years), the following

analysis had a mid-term characteristic (more than five
years). The subject of the performed analysis consisted in
the set of numerical accident characteristics, according to
the demographic characteristics of injured workers: sex,
age, professional experience.

The metallurgical industry in Poland employs
currently over twenty thousand people. In the analyzed
period there was observed a decreasing employment trend
in the researched area (figure 2). This decrease is a result
of employment reduction and the adaptation of work
efficiency (counted as a production volume per 1
employee) to the international levels (Gajdzik, 2013b,
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2013c). In the year 2009, 26.3 thousand people were
employed, while in 2015 it was 20.4 thousand. This
decrease is observed to this day. It is expected that in next
3 years the employment rate will fall to the level of 15.6
thousand workers in the analyzed sector in Poland
(Gajdzik & Szymszal, 2015).

The performed analysis of the number of the accidents
that occurred in metallurgical industry in Poland was
aimed to: change the accident level, its growth rate and in
case of cause and effect conclusion, to describe the
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Number of workers employed by the
metallurgical industry
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relations that exists between the occurred accidents and
injured workers (their age, sex and professional
experience). The fundamental part of the research
performed was the analysis of the accident rates value
change in the reference period (accident severity and
frequency rates). For the purpose of this work, the
following analyses of work accidents were performed: the
absolute (stage 1), the indicative (stage 2) and generic
(stage 3).

2011 year 2012 2013 2014 2015

Figure 2. Employment Structure in the Metallurgical Sector in Poland in Years 2009-2015
Source: own elaboration on the base of statistical data

Absolute Analysis of Work Accidents in the Steel
Industry in Poland

The absolute analysis of work accidents consists in the
comparison of accident measures, i.e. the number of the
accidents occurred with regard to the severity of results
(fig. 3), sex of the injured workers (fig. 4) and the number
of work absence days (figure 5).

The conclusions of the work accidents analysis
performed in the metallurgical sector in years 2009-2015
are: the workers were most of the time injured in minor
accidents — not resulting in the long-term work absence. The
biggest number of minor accidents 1109 was registered in
2011, while the lowest number 887 was registered in 2014.
In the analysed period of time there is observed a decrease in
the number of minor accidents in years 2012-2015 in
comparison with 2009-2011. The number of these accidents
clearly shows a decrease tendency (Gajdzik & Ocieczek,
2015). This decrease may be connected to the currently
observed changes: the declining number of workers and the
results of the safety management systems introduced in
metallurgical companies (Gajdzik 2013a; Gajdzik &
Grzybowska, 2013) - (figure 1).

The key roles (from the social and economic costs
point of view) play the accidents that result in long-term
absence of the worker, or his death. The biggest number of
severe accidents in metallurgical industry was registered in
2013, when the number of such accidents was 18. As to the
fatal accidents, the number of such incidents changed: 2
fatal accidents in 2012 and 2014, 5 such incidents in 2009
and none in 2015.

Among the workers injured in the metallurgical
industry, most frequently they are males. This is a result of
the employment structure, i.e. men are the dominant group

of people employed in the metallurgical industry. Basing
on the analysis of the data gathered (figure 4.), it is visible
that since 2012 a decrease in the number of accidents
among women and men in comparison to the years 2009—
2011. The changes observed in the accident statistic of
women and men are a result of the decreasing number of
workers employed in the metallurgical industry in Poland,
but may also be a result of improved workplace safety.

The occurring accidents result in work absence of
employees, who sometimes are not able to return to work
(severe accidents). The biggest number of work absence
days (55288) was registered in metallurgical industry in
Poland in 2011. This number of days results from the
number of accidents — 1127. In the year 2012 there was
registered a drop of absence days among metallurgical
companies’ employees in Poland, what may also be
explained by the lower number of accidents. However,
since 2013 there is again observed an increase of work
absence days, what may be explained by the number of
severe and fatal accidents that generate the work absence
increase. The changing work absence of employees in the
metallurgical sector in Poland in years 2009-20015 is
presented in the graphic (figure 5).
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Figure 3. Number of Fatal, Serious and Other Work Accidents in the Metallurgical Industry in Poland

Source: own elaboration on the base of statistical data
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Figure 5. The Number of Days of Professional Absence of Employees in the Metallurgical Industry in Poland

Source: own elaboration on the base of statistical data

The Ratio Analysis of Work Accidents in the Steel
Industry in Poland

The ratio analysis is based on the comparison of the
frequency and severity rates of the accidents, determined
with the relations 1-6. In order to determine these rates, the
data from the stage 1 was used — the analysis performed.
The indicative analysis was completed with data related to
the steel production volume in Poland, which allowed to
present the changes in the number of accidents in relation to
the volume of produced steel. The results obtained are

presented in the table 1. In order to perform the analysis of
accidents differentiation, the average value of each rate, its
minimum and maximum value, the average deviation and
the variability coefficient were set down. For the article, the
following interpretation of the variability coefficient was
used: low variability (below 25 %), moderate variability
(between 25 % and 45 %), high variability (between 45 %
and 65 %), very high variability (65 % — 100 %). The
determined characteristics of the descriptive statistic were
presented in the table 2.
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Table 1
Values of Accident Rates in the Metallurgical Industry in Poland (2009-2015)
Adopted measures of accidents 2009 2010 2011 2012 2013 2014 2015
Total accident rate indicator (W,) 411 42.1 44.0 37.7 40.0 41.7 44.5
Frequency rate indicator of severity accidents (Wxc) 38.0 19.6 46.8 25.1 81.9 46.9 53.9
Frequency rate indicator of fatal accidents (W) 19.0 11.8 234 8.4 18.0 9.4 0.0
Frequency rate indicator for the conventional production value (W) 151.6 134.2 128.4 107.9 1116 103.9 98.6
Frequen_cy rate indicator of severity accidents for the conventional 14 06 14 07 23 12 12
production value (Wyc)
Frequency rate indicator of fatal accidents for the conventional 07 04 07 02 05 02 00
production value (Wys)
Accident severity rate (Cy) 48.1 45.9 49.1 39.4 48.8 47.9 52.4
Accident severity rate reduced by the number of fatal accidents (Cy.s) 48.3 46.1 49.3 45.9 49.0 48.0 52.4
Source: own elaboration on the base of statistical data
Table 2

Characteristics of Descriptive Statistics for Accident Rates in the Metallurgical Industry in Poland

Adopted measures of accidents Min Max Average Deviation Coeffl_cw;nt of
standard variation
Total accident rate indicator (W,) 37.7 44.5 41.6 2.3 5.6
Frequency rate indicator of severity accidents (Wx) 19.6 81.1 44.5 20.3 45.6
Frequency rate indicator of fatal accidents (W) 0.0 23.4 12.9 7.9 61.5
Frequency rate indicator for the conventional production value (W) 98.6 151.6 119.5 19.2 16.1
Frequency rate indicator of severity accidents for the conventional 06 23 12 05 432
production value (Wyc)
Frequen_cy rate indicator of fatal accidents for the conventional 00 07 04 03 65.7
production valueW,s)
Accident severity rate (Cw) 39.4 52.4 474 4.0 8.5
Accident severity rate reduced by the number of fatal accidents (Cy.s) 45.9 52.4 484 2.2 4.5

Source: own elaboration on the base of statistical data

The values of the overall accident frequency rate (W)
with regard to the number of metallurgy workers in Poland
are characterised with low variability (the variability
coefficient of 5.6%). In years 2009-2011 a small increase
of the coefficient was registered (increase from z 41.1 to
44.0). In 2012 this value decreased — W, = 37.7. Such drop
was caused by the decrease of the employment rate and the
smaller number of work accidents in relations to years
2009 — 2011. In years 2013-2015 there was observed an
increase of the rate, accordingly: W, = 40.0 (2013) to W, =
445 (2015). This increase was a result of greater number
of occurred work accidents and the falling number of the
employed workers in comparison with the previous years.
The frequency rate of the severe accidents in the group of
metallurgical workers in Poland W, was characterised
with high variability (the variability coefficient = 45.6). It
changed from the lowest value W, = 19.6 (2010) to W, =
81.1 in 2013. The highest value of this rate is a result of the
occurred number of severe accidents (18 accidents in
2013). The frequency rate of fatal accidents in the
metallurgical industry in Poland is characterised with high
variability (61.5 %). Its lowest value was observed in
2015, when there were no fatal accidents (W, = 0). The
highest value of this rate W,s = 23.4 was registered in
2011. Also, high values of this rate were registered in 2009
(Wzs = 19) and 2013 (W = 18).

In order to refer the number of accidents to the steel
production value, the general accident frequency rates
were determined for a steel production unit in Poland, in
the analysed period of time. Basing on the analysis of the
gathered rate values, there was registered its drop from the

highest value W, = 151.6 (year 2009) down to W, = 98.6
(year 2015). The changes in the rate value W, despite the
increase in the steel production value in Poland are
determined by the annual decrease of the employment rate
in metallurgy in Poland (figure 1). This rate is
characterised by small coefficient of change (16.1 %).

For severe and fatal accidents (per production unit)
this rate is characterised with moderate (43.2 %) and
significant variability (65.7 %). The values of severe
accidents rate are changing from 0.6 (2010) to 2.3 (2013),
while the frequency of fatal accidents — from 0.7 (2009,
2011) to the value of 0.0 in 2015.

The accident severity rate in general (Cy) and the
severity rate reduced by the number of fatal accidents (Cy-
s) are characterised with low variability (8.5 % and 4.5 %)
in steel industry in Poland. The determination of these
rates allowed to gather information on the number of
workdays lost due to the occurred accidents at work. The
severity rate values are changing from Cy = 39.4 (2012),
Cws = 45.9 (2019) to Cw, Cws = 52.4 (2015). It is the
highest value of this rate in the analysed time period.

The Dependence between the Number of Work
Accidents and the Demographic Characteristics of
the Injured in Accidents

The performed absolute, generic and ratio analyses of
work accidents in metallurgical industry was related to the
number of accidents, work-absence days and steel
production volume in Poland. In relation to the above
mentioned data, the occurred accidents were related to the
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demographic characteristics of the injured workers. In
order to realise the third stage of the methodology, there
were determined the accident frequency rates in relation to
the age range of the injured person and work experience,
which were presented graphically in figure 6 and figure 7.

For accident frequency rates registered in metallurgical
industry in Poland there were determined the
characteristics of the descriptive statistics (table 3 and table
4) allowing to realize the goal of the article, which was to
determine the level of statistical relations between the
accident rate and the demographic characteristics of the
injured persons (the victims of the accidents).

Basing on the performed analysis of the accidents
occurred in particular age groups — figure 6 it was
concluded that the age groups: 20-29, 30-39 and 40-49
are the groups that are affected by the accidents most often.
The occurring accidents are characterised with low
variability — the variability rates were respectively 12.2 %,
9.5 %, 15.8 % (table 3), which means that the number of
such accidents is very similar every year. The reasons for
accidents in these groups may be: lack of experience,
routine and familiarization with existing dangers. Basing
on the data analysis it was stated that employers should
pay attention to these workers, realising the actions aimed
at work safety increase.

o
'S
|

-
N

The lowest accident number is registered in the groups
of workers of 19 or less years old and 60-65 years old or
more. The occurred accidents in the group of 19 or less years
old are characterised with moderate variability (29.2 %), it
means that in the analysed time period the number of such
accidents was similar (on average, 4 accidents each year).
Also, in the group of 65 or more years old it was not
registered a great number of work accidents, but the
variability of such accidents is very large (76.4 %) which is
a result of the fact that in 2013 there were no accidents
registered in this group. The issue of accidents at work,
taking into account the age of workers, was also the subject
of Saha, et al., 2007 research. The author studied three
groups in metallurgical sector: less than 30 years old, 30—
49 and 50 and over. The result of the association of
accidents with the age of employees was confirmation that
the highest risk group is employees 30-39 years (39
persons). In our studies, age groups were more specific. In
our study, age groups were more specific - nine groups
were used. In our study, age groups were more specific -
nine groups were used. So the accuracy of our analysis was
greater compared to Saha et al., 2007 research. Comparing
our results and Saha et al., 2007 results, the similar age
groups were found to be the highest risk groups. This
group in Saha et al., 2007 was 30—49 years old, and in our
studies this group was 30-39. A collective summary of the
analyzed data is presented graphically in figure 9.
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Figure 6. Frequency Rate Indicator of Accidents for Individual Age Groups in the Metallurgical Industry in Poland

Source: own elaboration on the base of statistical data
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Figure 7. Seniority of Injured in Accidents in the Metallurgical Industry in Poland

Source: own elaboration on the base of statistical data
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Table 3
Characteristics of Descriptive Statistics for Accident Rates (Age Groups) in Metallurgical Industry in Poland
Range of age Min Max Average Deviation standard Coefficient of variation
<18 - - - - -
19 and less 0.1 0.2 4.3 1.3 29.2
20-29 8.7 11.2 235.7 28.2 12.2
30-39 8.4 12.1 247.0 23.6 9.5
4049 8.6 10.7 232.1 36.8 15.8
50-54 41 6.4 128.7 34.6 26.9
55-59 35 5.1 108.4 15.5 14.3
60 —64 0.5 1.7 224 11.4 46.3
65 and more 0.0 0.2 1.5 15 76.4

Source: own elaboration on the base of statistical data

In order to determine what was the work experience of
the people that were affected by the accidents at work most
often there were determined the frequency rates in relation
to the work experience (figure 7). Thanks to the analysis of
work experience of the people employed in metallurgical
industry it was stated that most often the accident victims
were working less than one year. The lowest probability of
accident was observed in the group of people working over
16 years. The accident frequency rates for the first group
are characterised with low variability (9.6 %) which means
that the number of such accidents is similar. Comparing the
result of our analysis with the Saha et al., 2007 study,

similar results were obtained. Saha et al., 2007 states that
the most at-risk group are employees with seniority (job
duration years) up to 5 years. Our seniority intervals at
steel mills are more detailed (eight compartments) and after
adding the first, second and third intervals (seniority up to
5 years) we received 3918 and this was our largest range,
i.e. we got the same test results as Saha et al., 2007. As the
professional experience of workers in steel mills increases,
the number of accidents decreases, as confirmed by our and
other studies (Saha et al., 2007). A collective summary of
the analyzed data is presented graphically in figure 10.

Table 4
Characteristics of Descriptive Statistics for Accident Rates (for Seniority) in Metallurgical Industry in Poland
Seniority Min Max Average Deviation standard Coefficient of variation
One year and less 10.2 14.7 14,7 14 9.6
2 — 3 years 5.1 8.7 6.6 1.3 19.6
4 —5 years 3.3 6.2 5.1 1.0 20.6
6 — 10 years 2.6 9.2 7.0 1.2 17.2
11— 15 years 2.6 4.1 3.9 0.6 15.7
16 — 20 years 2.1 35 2.4 0.5 19.2
21 — 30 years 2.3 4.3 3.0 0.6 21.0
31 and more 1.7 2.6 1.8 0.3 17.3

Source: own elaboration on the base of statistical data

Basing on the information gathered (table 3 and table
4), we may conclude that most often the accident victims
are young persons of short work experience (up to three
years). The accident rate increase is also observed among
the experienced workers, employed between 2-15 years.
The high number of accidents may be a result of a fact that
such workers got used to the existing dangers and the work
they perform became a routine. The decreasing trend is
observed among workers having more than 16 years of
experience.

In relation to the adopted age ranges (figure 6, table 3)
in fig. 8 it was presented the age structure (percentile) of
workers employed in the metallurgical industry. According
to the gathered data (figure 8) the least numerous
professional group consists of workers less than 19 years
old (c.a. 1 %). Also, the lowest number of accidents is

registered in this group if compared to all other age ranges.
The workers of 2029 years old make c.a. 8 % of persons
employed in metallurgical industry, however the highest
number of accidents is registered in this particular group.
These are mainly the workers at the beginning of their
professional career. The dominant group among the
employed people consists of workers of 30-54 years old.
They make 77 % of the total number of employees. High
numbers of accidents at work are also registered in this
group. Approximately 13 % are employees aged 55-59,
while approx. 13 % employees aged 60 and more (1 %).
These groups consist of people on management positions
and qualified workers in the period of protection. Less
number of accidents is registered in this group (in
comparison with groups of 20-54 years old).
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Figure 8. The Age Structure of People Employed in the Metallurgical Industry in Poland
Source: own elaboration on the base of statistical data
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The performed accident rate analysis in the
metallurgical industry allowed to formulate the following
conclusions:

- the accident frequency rate value in general was
characterized with low variability (5.6 %), a decrease in
2012 (W, =37.7) and an increase in 2015 (W, = 44.5),

- the severe accident frequency rate was characterized
with high variability (45.6 %). The medium rate value in
the researched period of time was 44.5. It was concluded
that in 2013 its significant upward trend was registered
(W = 81.9) in relation to the years 2009-2012 and 2014-
2015:

- the fatal accident frequency rate was characterized
with high variability (61.5 %), the medium rate value in
the researched period of time was 12.9,

- the accident frequency value per a single unit of
production was characterized with low variability (16.1 %),
while the frequency rates of severe and fatal accidents were
accordingly moderate (43.2 %) and very high (65.7 %).
These rates are characterized with monotonicity (increase,
decrease),

- the accident severity rates value were characterized
with low variability (8.5 % and 4.5 %), the medium values
of these rates were accordingly 47.4 and 48.4.

Conclusion

The presented work consists of theoretical and practical
parts (accident rate statistical analysis). In the theoretical
part the general aims of the measurement of the accident rate
in the metallurgical industry are presented (along with the
instruments). This part has inspired the authors to work out
the three-stage (three-segment) methodology of accident rate
study — fig. 1. The proposed methodology consisted of: the
absolute and generic analysis performance (stage 1), the
ratio analysis (stage 2), and the analysis of accidents at work
in relation to the demographic characteristics (stage 3). The
presented methodology may be used for benchmark analysis
in relations to the accident rates globally. It may also be
implemented in the accident analysis of other industry
branches.

The determined accident rates in the metallurgical
industry were related to the demographic characteristics of
the victims. Basing on the analysis performed, it was
concluded that most often the victims of the accidents are
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