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Abstract: (1) Background: accident rates prove the uneven development of the member countries in
the area of work safety. Remedial actions and structural programmes should take into account, e.g.,
the level of work safety in all European Union (EU) countries. Aim: the identification of differences
in the level of work safety in the production sector of EU countries, especially the so-called “old” and
“new” EU countries. (2) Methods: for each country UE (in 2008–2018), the relative risk (RR) of an
accident at work was determined and a comparative analysis was conducted. (3) Results: an increase
in the RR of an accident at work was observed along with an increase in the GDP of a given country. It
was found that the level of occupational safety in Sweden and the United Kingdom is higher than in
other countries, and lower in Spain and Portugal. In the three largest economies of the EU, Germany,
France, and Italy, the RR of the accident in the industrial sector in relation to the national data is one
of the lowest in the entire EU, not exceeding 1.3. In The Netherlands, an increase of 1.7 RR of fatal
accidents in the industrial sector was observed between 2008 and 2018. (4) Conclusions: RR in the
manufacturing sector of the so-called “old” EU is higher than in the so-called “new” EU, which may
result from the implementation of Industry 4.0 assumptions in the “old” EU. The presented results
and conclusions may be useful in shaping the EU policy in the field of sustainable development of
production sectors of individual member countries.
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1. Introduction

The European Commission invests in European Union (EU) industry for a modern,
clean, and fair economy. By promoting the competitiveness of industry through a number
of initiatives related to, e.g., the Horizon 2020 program [1], it aims to empower citizens
and possess the best technologies for the smart, innovative industry of the future. The
countries of the European Union consisting of 27 countries (GB withdrew from the EU in
2020) together have, after the USA, the second highest GDP in the world in terms of per
capita income. Countries of the so-called “old” Union, which is, forming the EU before the
accession of new members in 2004, are in the forefront of the world, and some regions of
Europe have almost twice the level of GDP than the average for all member countries [2–4].

The share of industrial production (excluding construction) accounts for around 20%
of the total gross value that is added in the EU. Only broad categories of economic activity,
defined by Eurostat as wholesale and retail trade, transport, accommodation, and catering
services, and public administration, defence, education, health care, and social work, have
a similar share [5]. In the EU, there is a high concentration of industrial production in five
economies—Germany, Italy, France, Great Britain (until 2019), and Spain—generated nearly
75% of the total gross value added of industrial production. Almost 70% of Europeans
working in manufacturing were concentrated in Germany, Italy, France, Great Britain, and
Poland [5].

The results that were published in the literature indicate multidirectional research on
the risk of work-related accidents in various industries and countries. The research took
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into account both professional and non-professional factors influencing the increased risk
of an accident. Research [6] found that work overload is related to the adoption of risky
behaviours, and this fact may have an impact on the occurrence and severity of accidents.
The disproportion in the incidence of accidents at work, road accidents, home and sports
accidents, as well as the role of conditions and lifestyle is examined, in particular factors
such as smoking, excessive alcohol consumption, obesity, taking psychotropic drugs, and
disability, influence the risk of an accident [7–9]. It was found that work, gender, young
age, smoking addiction, alcohol abuse, overweight, psychotropic drug use, and illness
had an influence on accidents at work [10]. A frequent subject of research is demographic
factors influencing the risk of accidents at work, e.g., organisational and personal factors
that underlie the safety behaviour of older construction workers [11], or risk studies related
to fatal accidents [12]. An important factor is also the job seniority in the company, which
reduces the risk of an accident at work [13]. Accident-prone work that increases the risk
of an accident is night work, the effect of which is similar to jet lag [14]. Because there are
indications that sleep disorders are related to accidents at work [15], it was investigated
how the accident risk increased with successive night shifts, with increasing working hours
and between successive rest breaks.

In European labour market analyses, an accident is defined as a sudden occurrence at
work that causes physical or mental injury. Accidents that result in an inability to work
longer than three calendar days are registered, excluding the day of the accident at work,
and fatal accidents are those that resulted in the death of the employee within one year of
the incident. An accident at work is any event related to work and that took place on the
premises of the workplace as well as outside of it, e.g., accidents in public transport [16].
Data on accidents at work are often published in the form of generally accepted indicators,
which are used by statistical offices as part of the analysis of the state of work safety in a
country or industry. For example, in Poland, according to CSO (Central Statistical Office)
data, in the first quarter of 2020, the highest accident rate per 1,000 employees was recorded
in the following industries: mining and excavation (indicator 3.0); water supply, sewage
and waste management (2.5); and, healthcare and social work (1.75) [17]. In addition, there
are a number of other indicators or accident models [18] which analyse available data on
accidents, a specific industry, size of enterprises, age of employees, job seniority, hours
worked, etc. Data on accidents, their type, and consequences are also analysed in the
European Union, e.g., by the European Statistical Office—Eurostat.

Because of the changing number of people employed in the sector and throughout
the EU, as well as the changing number of people injured in accidents, including fatal
accidents, there are no clear results indicating the dynamics of changes in the area of work
safety in individual EU member countries. This type of indicator, independent of the above
changes, is the so-called relative risk (RR), which, when compared to the EU or national
level, allows for the assessment of the sustainable development of the member countries in
the area of work safety. The aim of the research was to identify differences in the level of
work safety in the production sector of EU countries.

2. Methods and Research Results

The research material consisted of statistical data on the number of people injured
in accidents at work and the number of employees in the European Union countries.
Data are collected by Eurostat [5]. In order to determine the trend of possible changes or
repeatability of the safety level, data from 2008–2018 were used for the analysis. Because
of the methodology of collecting data by Eurostat, 2018 is currently the last year with
complete accident data (except for France). The data concerned the summary statement
and for the EU production sector. The data at the end of the fourth quarter of each year
were adopted as the number of employees in each case.

For each country and year, the relative risk (RR) of an accident at work was determined.
The number of accidents in the EU was taken as a reference in relation to the number of
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people employed in the EU or in the production sector in the EU. The RR was determined
by Equation (1)

RR =

Q11
(Q11+Q12)

Q21
(Q21+Q22)

(1)

where:
Qij—multiplicity observed in the contingency table (i—column; j—row in contingency

table, in this case, a two-way table)
The following hypothesis was adopted: null hypothesis that H0: RR = 1 and the

alternative hypothesis that H1: RR 6= 1. To verify the hypothesis that the risk of occurrence
of the phenomenon under study is the same in the exposed group and in the group not
exposed to the risk factor, the test statistic was expressed as (2)

Z =
ln(RR)

SE
(2)

where:
SE =

√
1

Q11
− 1

Q11+Q12
+ 1

Q21
− 1

Q21+Q22
—standard error of the logarithm RR

When determining the p parameter, the value ∝ = 0.05 was each time set. Because
the data covered different countries, a common effect was presented for the collected
data by designating a variable effect, which is due to the fact that each study represents a
slightly different population (country), so the real (population) effect will be different for
each population. As each study concerned a different country, in order to summarise the
meta-analysis with a variable effect, it was assumed that some factors that could distort the
size of this effect may have different sizes in individual countries. The data were subjected
to meta-analysis determining, due to the cohort nature of the research, for individual
years and for the entire analysed period, as the final effect, the relative risk (RR) related
to the occurrence of an accident at work in relation to the analysed range. The analyses
were carried out in MS Excel 2019 (Microsoft, Redmond, WA, USA) and PQstat v 1.6.8.384
(PQStat Software, Poznań, Poland).

Table 1 shows the RR results for the whole of the EU, and Figures 1–3 for the manufac-
turing sector in the EU.

Table 1. Relative risk of an accident at work in the EU countries in relation to the risk in the EU in
2008–2018 (own elaboration).

Country Relative Risk (RR) SE (ln) −95%CI +95%CI p-Value

Austria 1.079 0.030 1.017 1.145 0.012
Belgium 0.969 0.043 0.890 1.055 0.465
Bulgaria 0.052 0.030 0.049 0.055 <0.001
Croatia 0.572 0.044 0.525 0.623 <0.001
Cyprus 0.338 0.046 0.308 0.370 <0.001
Czechia 0.660 0.080 0.564 0.773 <0.001

Denmark 1.381 0.029 1.306 1.460 <0.001
Estonia 0.661 0.044 0.606 0.720 <0.001
Finland 1.257 0.026 1.193 1.323 <0.001
France 1.711 0.071 1.490 1.965 <0.001

Germany 1.670 0.042 1.538 1.814 <0.001
Greece 0.135 0.153 0.100 0.182 <0.001

Hungary 0.344 0.050 0.312 0.379 <0.001
Ireland 0.551 0.060 0.490 0.620 <0.001

Italy 1.054 0.045 0.966 1.150 0.240
Latvia 0.121 0.090 0.101 0.144 <0.001

Lithuania 0.154 0.084 0.130 0.181 <0.001
Luxembourg 1.992 0.030 1.878 2.112 <0.001

Malta 0.862 0.066 0.757 0.982 0.025
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Table 1. Cont.

Country Relative Risk (RR) SE (ln) −95%CI +95%CI p-Value

The Netherlands 0.991 0.091 0.829 1.186 0.922
Poland 0.333 0.030 0.314 0.353 <0.001

Portugal 1.862 0.028 1.764 1.967 <0.001
Romania 0.031 0.064 0.027 0.035 <0.001
Slovakia 0.259 0.039 0.240 0.279 <0.001
Slovenia 0.922 0.092 0.770 1.103 0.374

Spain 1.737 0.048 1.582 1.907 <0.001
Sweden 0.329 0.147 0.247 0.438 <0.001

United Kingdom 0.495 0.025 0.471 0.521 <0.001
Cl—Clopper-Pearson confidence interval.

Figure 1. Relative risk of an accident at work in the production sector in European Union (EU) countries in relation to the
risk in the EU industrial sector in 2008–2018 (own elaboration).
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Figure 2. Relative risk of an accident at work in the production sector of the EU countries in relation to the risk of an
accident at work in the country in the years 2008–2018 (own elaboration).



Int. J. Environ. Res. Public Health 2021, 18, 3618 6 of 14

Figure 3. Relative risk of a fatal accident at work in the production sector in the EU countries in
relation to the risk of a fatal accident at work in the country in 2008–2018 (own elaboration).

3. Discussion of the Results

The absolute numbers of registered accidents at work in the European Union countries
indicate that, in 2018, as compared to 2008, most countries recorded a decrease in the
number of people that were injured in accidents at work, the largest decrease was recorded
in Greece (−81%). The increase in the number of people injured in accidents at work
was recorded in three countries: France (increase in 2017 +18%), Lithuania (+20%), and
Hungary (+5%) [5]. The production sector, also in most countries, recorded a reduction in
the number of people injured in accidents at work, the leader in this area was also Greece
(−89%); moreover, a decrease in the number of injured by at least 50% was recorded in
the Czech Republic, Denmark, Spain, Italy, Malta, The Netherlands, and Finland. The
increase in the number of people injured in accidents at work in the manufacturing sector
was recorded in Latvia (+38%), Lithuania (+28%), Great Britain (+20%), Ireland (+13%),
and Estonia (+2%). The number of fatalities in accidents at work in the country (Table 3)
also decreased in most countries, the most in Poland (−59%), The Netherlands (−58%),
Lithuania (−52%), and Slovakia (−50%). Unfortunately, this number increased in four
countries, in France by over 100%, and in Luxembourg (+60%), Great Britain (+59%), and
Croatia (+26% as compared to 2010). The number of fatalities in the production sector
has also decreased in most countries, especially, as shown in percentages, in Ireland and
Sweden (at least −70%) and in absolute terms in Italy (86 fewer deaths). In three countries
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(Denmark, France, and Great Britain), there was an increase in the number of fatalities in
accidents at work, the most in France—an increase by 70% (32 victims).

The RR for each country, as determined in each year, made it possible to study the
trend of RR changes in 2008–2018. Table 2 presents the statistically significant (p < α) results
of the Spearman’s rank correlation coefficient significance test (r Spearman). Countries for
which a monotonic increase (positive correlation) or decrease (negative correlation) of RR
were observed were indicated.

Table 2. Monotonicity of changes in relative risk of an accident at work in the EU countries in 2008–2018 (own elaboration).

Positive Correlation Negative Correlation

Country (r Spearman) Country (r Spearman)

RR of an accident at work in the EU
countries in relation to the risk in the EU
in 2008–2018

Belgium (0.682); Croatia (0.886); Estonia
(0.791); France (0.976); Germany (0.764);
Hungary (0.755); Latvia (0.945); Lithuania
(0.964); Portugal (0.903); Romania (0.764);
Slovakia (0.627); Sweden (0.700)

Greece (−0.809); Italy (−0.664);
Malta (−0.945);
The Netherlands (−0.645)

RR of an accident at work in the
production sector in EU countries in
relation to the risk in the EU industrial
sector in 2008–2018

Bulgaria (0.655); Croatia (0.986); Estonia
(0.709); France (0.806); Germany (0.809);
Hungary (0.836); Ireland (0.727); Latvia
(0.964); Lithuania (0.973); Portugal (0.755);
Slovakia (0.673); Sweden (0.973);
UK (0.845)

Greece (−0.845); Italy (−0.718);
Malta (−0.773)

RR of an accident at work in the
production sector of the EU countries in
relation to the risk of an accident at work
in the country in the years 2008–2018

Ireland (0.627); Latvia (0.882); Lithuania
(0.673); Luxembourg (0.691); The
Netherlands (0.664); UK (0.800)

Belgium (−0.736); Czechia (−0.891);
Cyprus (−0.618); Denmark (−0.764);
Finland (−0.945); France (−0.976);
Germany (−0.627); Greece (−0.982);
Spain (−0.845); Poland (−0.918);
Portugal (−0.879); Romania (−0.827);
Slovakia (−0.773); Slovenia (−0.709);
Sweden (−0.636)

RR of a fatal accident at work in the
production sector in the EU countries in
relation to the risk of a fatal accident at
work in the country in 2008–2018

The Netherlands (0.618) Czechia (−0.691)

The above data indicate, in most cases, the effectiveness of the pro-safety policy
in the EU, the visual effects of which are OSHA campaigns. In recent years, OSHA
campaigns have focused on: hazardous substances (2018–2019), health and safe working
conditions from the beginning to the end of an employee’s life (2016–2017), or stress at work
(2014–2015) [16]. The exceptions are two countries, Great Britain and especially France,
where, in most cases, an increase in accident rates was recorded.

3.1. The Risk of an Accident at Work and the GDP of EU Countries

Table 1 presents the relative risk of an accident at work in all EU countries. The
obtained results indicate a group of countries with a definitely lower risk of an accident
than the rest of the EU, these are Romania and Bulgaria. The RR of accident at work in
these countries in relation to the entire EU is in the range of 0.03–0.05. Such a low level
potentially indicates that workers that are employed in other EU countries suffer from
accidents at work several dozen times more often than in Romania and Bulgaria. These
two countries are the poorest countries in the European Union (GDP/person in 2018 in
Bulgaria is 9,314 and in Romania is USD 12,270) [16]. Almost 70% of GDP is produced
in the private sector. In Romania, unemployment calculated for the entire country does
not exceed 10%, although, in some regions, it even reaches 60% [5]. The most important
industries in Romania are mining, metallurgy and the machine industry. However, in
Bulgaria, there are copper deposits and small iron ore. The production of steel, copper, zinc,
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and lead is dynamic, as well as machinery and equipment, chemicals, and food industry
products, which provide most of the income from exports. Tourism is growing in both
Bulgaria and Romania. The above does not indicate the development of sectors that do
not generate many accidents at work (e.g., banking [5]), which implies questioning the
reliability of the accident data reported to Eurostat. Therefore, these countries were left
out of the discussion of the results. The country in which RR of an accident at work is the
highest in relation to the EU’s average is Luxembourg (RR [95% Cl] = 1.99 [1.88–2.11]),
whose GDP is over $115 thousand USD per person [2]. Table 3 presents the relationship
between the RR of the analysed countries and the GPD.

Table 3. The risk of an accident at work in EU countries (according to GDP).

RR Country GPD/Person,
Thousand USD [2]

0.03–0.05 Bulgaria *, Romania * 9.3–12.3
0.12–0.15 Greece, Latvia *, Lithuania * 15–37

(without Sweden)0.26–0.34 Cyprus *, Hungary *, Poland *, Slovakia *, Sweden

0.50–0.66 Croatia *, Czechia *, Estonia *, Great Britain, Ireland, Malta * (0.86) 20–40
(without Great Britain)

about 1 Austria, Belgium, Italy, The Netherlands, Slovenia * 27–50
1.26–1.38 Denmark, Finland, France, Germany, Portugal, Spain 31–56

1.99 Luxembourg 115

* the so-called countries of the “new” EU.

The above list shows the existence of a tendency of an increase in the accident risk
along with an increase in the GDP of a given country. Initially, it could be stated that
countries with higher GDP have a greater risk of injury, but other evidence [19] suggests that
countries with a higher GDP tend to have a more highly evolved safety culture. This culture
is shaped by large corporations, which, while increasing the level of safety, also implement
programmes recording a larger number of accident incidents, which, in countries with
lower GDP, are ignored in statistics. However, this hypothesis requires further research.
Sweden and the United Kingdom are derogations from the above-mentioned thesis, with
relatively high GDP and low RR. Assuming that these countries register a greater number
of incidents than countries with lower GDP, it should be stated that the level of work safety
in Sweden and Great Britain is higher than in other countries. The situation is different
in the case of Spain and Portugal, where the RR of an accident at work is high and GDP
relatively low. This may indicate a relatively lower level of safety in Spain and Portugal.

3.2. The Risk of an Accident at Work in the EU Countries in the Manufacturing Sector in
2008–2018

Sustainable development is one of the foundations of the EU functioning [20,21].
The development of techniques and technologies, as well as work organisation and the
implementation of the Industry 4.0 concept [22,23], during the analysed 10-year period,
were confronted with the global economic crisis, and, above all, with the economic crisis
experienced by Greece [24]. All of this could disrupt the sustainable development of EU
member countries, also in the area of work safety. When analysing the change in RR
for the occurrence of an accident at work for individual EU countries in 2008 and 2018,
no significant differences were found in the order of individual countries, assuming an
accident at work RR as the criterion. However, it is worth noting that the RR of two
countries, Malta and Czech Republic, has fallen below the EU average in 10 years (RR < 1),
while, in the case of two countries (Austria and Belgium), the RR has increased above 1
(Figure 4). In order to confirm the trend, it is necessary to observe the indicators for these
countries in the following years. Significant reduction in RR has also been observed in
Greece, but it may not be caused by the improvement in safety in plants, but rather by the
increase in unemployment resulting from the crisis [24] and the liquidation of numerous
social programmes that discouraged workers from reporting minor injuries at work.
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Figure 4. Relative risk of an accident at work in selected EU countries in relation to the risk in the EU in 2008–2018 (own
elaboration) (a) Austria Relative Risk (b) Belgium Relative Risk (c) Czechia Relative Risk (d) Malta Relative Risk.

In 2018, the European Union brought together 28 Member States, covering an area
of over four million km2. The development of the economies of individual Member
States, although regulated by treaties and implementing acts, is also conditioned by their
geographic location, access to raw materials and the policy of each country. Because of the
above, it is very diverse. This differentiation, and hence the unsustainable development of
individual countries, is determined by the differentiation of the RR index for registered
accidents at work in the production sector of individual countries compared to the RR of the
entire EU in 2008–2018 (Figure 1). This index ranges from RR [95% Cl] = 0.195 [0.151–0.252]
for Latvia to RR [95% Cl] = 3.288 [2.927–3.649] for Luxembourg. However, it should be
remembered that Latvia is inhabited by less than 2 million people and Luxembourg is
inhabited by slightly more than 0.6 million, which is only a fraction of the total population of
the EU (approx. 450 million [4]). Taking into account all of the results obtained, as presented
in Figure 1, we can distinguish three groups of countries with RR in the industrial sector:

• lower than the EU’s RR (Ireland, Greece, Croatia, Cyprus, Latvia, Lithuania, Hungary,
Poland, Slovakia, Sweden, and United Kingdom),

• similar to RR across the EU (Belgium, Czech Republic, Estonia, and Italy), and
• higher than the EU’s RR (Denmark, Germany, Spain, France, Luxembourg, Malta, The

Netherlands, Austria, Portugal, Slovenia, and Finland).

When analysing the obtained results, it was found that, in the group of countries with
a lower RR in the production sector than the EU’s average in this sector, only four countries
(Ireland, Greece, Sweden, and GB) joined the EU before 2000, while Croatia, Hungary, and
Poland constitute three of the four member countries whose currency is not the euro. In
the group of countries with a higher RR in relation to the EU’s average in the industrial
sector, only two countries (Malta and Slovenia) joined the EU after 2000, and the euro is
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the currency of all countries in this group. It was found that, between 2008–2018, in two
countries (Czech Republic and Malta) the RR level in relation to the EU decreased from
more than 1 to less than 1, and in one case (Estonia) the RR level in relation to the EU
increased from less than 1 to more than 1. Of the three mentioned above countries, the
largest difference in the RR value was recorded in the Czech Republic (−0.71). However,
among all of the EU countries, the largest difference in the RR value in the production
sector was recorded in Germany, an increase of 1.00 (Figure 5). All of the above results
may seemingly indicate that, in the so-called “old” EU, the level of worker safety in the
production sector is much lower than in this sector in the so-called “new” EU. However, in
fact, these results may indicate differences in the approach to safety and accident recording
in individual countries due to differences in national and organizational culture [25,26].

Figure 5. Relative risk of an accident at work in the production sector in selected EU countries in relation to the risk in
the EU industrial sector in 2008–2018 (own elaboration). (a) Czechia Relative Risks (b) Estonia Relative Risk (c) Germany
Relative Risk (d) Malta Relative Risk.

The concept of Industry 4.0 [23], promoted and implemented in recent years, an-
nounced by the German Chancellor, based on, inter alia, the issue of BigData, assumes
that the user/decision maker has virtually unlimited access to all information resources,
including those that are related to all accidents at work [27]. Such operation of IT systems
results in greater data reliability. Countries that were incorporated into the EU in the 21st
century, despite meeting a number of economic conditions, are still going through a period
of transformation, especially in the industrial sector, which, in most of these countries,
is striving for the assumptions of Industry 3.0, based on automation, which leaves data
reliability dependent on the human factor [28]. Among the countries mentioned, Sweden
deserves attention in the context of striving for sustainable development of the EU, as
it constitutes the 6th EU economy in terms of GDP. Sweden’s low RR in the industrial
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sector indicates a high safety culture in the sector, which should set standards for other
countries [29–31].

The size and development of the manufacturing sector depend on many geopolitical
factors. However, assuming that this sector, due to the production processes implemented,
is, by definition, an accident-prone sector, it should be expected that the RR level of an
accident at work compared to the average risk in the country will always be higher. The
results of the analysis in this regard are presented in Figure 2. Overall, for the entire EU,
the RR in the manufacturing sector in 2008–2018 is RR [95% Cl] = 1.397 [1.331–1.466],
while, in 2014–2017, this indicator did not exceed 1.3. The countries in which the RR value
of an accident at work in the industrial sector did not differ from the national RR are
France and Ireland. Countries in which the RR of an accident in the industrial sector is at
least double when compared to others are: the Czech Republic, Estonia, Greece, Cyprus,
Latvia, Lithuania, Luxembourg, Hungary, Poland, Romania, and Slovakia. It should be
noted that eight of the above countries joined the EU after 2000. The higher RR for these
countries confirms the previously presented hypothesis regarding the need for intensive
development of domestic industry among the so-called “new” EU towards Industry 4.0.
The highest RR in this respect was recorded for Greece RR [95% Cl] = 3.007 [2.755–3.281],
which could have resulted from the deep economic crisis that this country experienced
in the analysed period [24]. Taking into account the size of the economies of individual
member countries, it was stated that the three largest economies in the EU: German, French,
and Italian, generating about 50% of the EU GDP, employing over 15 million people [5], are
the most sustainable economies in the EU from the point of view of work safety, because
the RR of accident in the industrial sector in these countries, in relation to the national data,
is one of the lowest in the entire EU, not exceeding 1.3.

3.3. The Risk of Fatal Accidents in the Industrial Sector of EU Countries

The number of fatal accidents at work constitutes the most tragic indicator of safety in
a sector or country. Figure 3 presents the results of the RR analysis of the fatal accident in
the production sector in relation to the RR of the fatal accident in each of the EU countries
in 2008–2018. The results are characterised by a large Clopper–Pearson confidence interval
due to the relatively low number of fatal accidents at work [32]. The obtained results
indicate that in 12 EU countries, the RR of a fatal accident in the production sector is not
statistically significantly different from the RR of such an accident in the whole country.
The lowest RR of fatal accidents in the production sector occurs in the Czech Republic and
Hungary, not exceeding 0.7, while the highest in Greece and The Netherlands (RR over 2.1).
This is particularly important in The Netherlands, which constitutes the 5th economy of
the EU, where 9–10% of citizens are employed in the production sector, and about 11–31%
of all fatal accidents occur in the following years. The Netherlands is a leading natural gas
producing country, so the energy sector should be based on sustainable development, also
in health and safety [33]. In the case of The Netherlands, an increase was observed with
RR [95% Cl] = 1.077 [0.590–1.963] (p = 0.810) in 2008 to RR [95% Cl] = 2.821 [1.397–5.696]
(p = 0.004) in 2018 (Figure 6). A particularly noticeable increase in the percentage of fatalities
of accidents at work in The Netherlands has been recorded since 2014, where it accounts
for at least 20% of the total number of victims in the country [5]. For comparison, in the
largest economy of the EU, the German, in the industrial sector, with 19–21% employment,
the share of all fatal accidents in the analysed years was 14–17%.

3.4. Limitations and Directions for Future Research

The results that are presented in the paper are based on Eurostat data [5]. The quality
of data depends on the reliability of reporting all accidents at work in each country. For
some countries, the data provided are questionable, as shown in the text. In Greece and
Romania, only 5% of all EU workers are employed, which does not significantly affect the
results of the presented analysis. The data from these countries had to be included in the
analysis in order to show the entirety of changes in the EU. Further research should focus
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on identifying the causes of poor-quality data reported in some countries and developing a
program for their improvement, for example, by defining the same reporting standards
in all countries. For example, the definition of an accident at work varies from country
to country.

Figure 6. Relative risk of a fatal accident at work in the production sector in The Netherlands and Czechia in relation to the
risk of a fatal accident at work in 2008–2018 (own elaboration) (a) Netherlands Relative Risks (b) Czechia Relative Risk.

The results that were presented in the article made it possible to identify countries in
which there were positive and negative changes in accidents at work in the manufacturing
sector. Further research should be aimed at identifying good practices in accident pre-
vention in countries with positive changes. This practice can be an example for countries
with poorer RR. Further research should also focus on identifying the causes of incidental
changes in RR in particular years, e.g., in Austria and Belgium in 2018 (Figure 4). This will
allow the EU to more sustainably develop in the area of occupational safety.

4. Conclusions

The conducted analysis allowed the formulation of the following conclusions:

- in most EU countries, in the years 2008–2018 there was a decrease in the number of
people injured in accidents at work and in fatal accidents,

- Sweden’s low RR in the industrial sector indicates a high safety culture in the sector,
which should set standards for other countries,

- the value of the RR indicator increases with the increase in the country’s GDP, which
can be explained by the increased reliability of the related data to the improvement
of organisational culture and investments that are related to the implementation of
Industry 4.0, and

- the RR in the manufacturing sector of the so-called “old” EU is higher than in the
so-called “new” EU, which may result from the implementation of Industry 4.0
assumptions in the “old” EU countries, which, based on Big Data, collect all data
on accidents at work. In countries where the industry is based on the principles of
Industry 3.0, the collected accident data depend on the human factor.

The quality of the presented studies depends on the quality of the available data. The
obtained results show that not all countries attach equal importance to the reliability of
data that are transmitted to Eurostat. The presented results and conclusions may be useful
in shaping the EU’s policy in the field of sustainable development of the production sectors
of individual member countries, because the literature on the subject lacks comprehensive
research in this field, concerning all EU countries.
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number 11/010/RGP18/0017.



Int. J. Environ. Res. Public Health 2021, 18, 3618 13 of 14

Institutional Review Board Statement: In the case of this survey, ethical evaluation and approval
was waived because the survey was voluntary and anonymous, no confidential/sensitive/ethical
data was collected.

Informed Consent Statement: Patient consent was waived due to the survey was voluntary
and anonymous.

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declare no conflict of interest.

References
1. Horizon 2020 Programme. Available online: ec.europa.eu/programmes/horizon2020 (accessed on 10 March 2021).
2. World Economic Outlook Database. Available online: https://www.imf.org (accessed on 20 October 2020).
3. World Development Indicators Database. Available online: https://databank.worldbank.org (accessed on 20 October 2020).
4. Demographic Yearbook System. Available online: unstats.un.org (accessed on 20 October 2020).
5. Population: Demography, Population Projections, Census, Asylum & Migration—Overview. Available online: ec.europa.eu/

eurostat (accessed on 20 October 2020).
6. Dos Santos, W.J.; Cêlho, V.M.D.S.; Santos, G.B.; Ceballos, A.G.D.C.D. Work overload and risk behaviors in motorcyclists. Rev.

Bras. Enferm. 2019, 72, 1479–1484. [CrossRef] [PubMed]
7. Khlat, M.; Ravaud, J.-F.; Brouard, N.; Chau, N.; Lorhandicap Group. Occupational disparities in accidents and roles of lifestyle

factors and disabilities: A population-based study in north-eastern France. Public Health 2008, 122, 771–783. [CrossRef] [PubMed]
8. Chau, N.; Mur, J.M.; Touron, C.; Benamghar, L.; Dehaene, D. Correlates of Occupational Injuries for Various Jobs in Railway

Workers: A Case-Control Study. J Occup. Health 2004, 46, 272–280. [CrossRef] [PubMed]
9. Chau, N.; Bourgkard, E.; Bhattacherjee, A.; Ravaud, J.F.; Choquet, M.; Mur, J.M.; The Lorhandicap Group. Associations of job,

living conditions and lifestyle with occupational injury in working population: A population-based study. Int. Arch. Occup.
Environ. Health 2008, 81, 379–389. [CrossRef]

10. Bhattacherjee, A.; Chau, N.; Sierra, C.O.; Legras, B.; Benamghar, L.; Michaely, J.-P.; Ghosh, A.K.; Guillemin, F.; Ravaud, J.-F.; Mur,
J.-M. Relationships of job and some individual characteristics to occupational injuries in employed people: A community-based
study. J. Occup. Health 2003, 45, 382–391. [CrossRef]

11. Peng, L.; Chan, A.H. Exerting Explanatory Accounts of Safety Behavior of Older Construction Workers within the Theory of
Planned Behavior. Int. J. Environ. Res. Public Health 2019, 16, 3342. [CrossRef]

12. Dieterich, C.; Herrmann, E.; Parzeller, M. Tod bei der Arbeit-eine Analyse tödlicher Arbeitsunfälle von 2005 bis 2016 im
Obduktionsgut des Instituts für Rechtsmedizin in Frankfurt am Main. Rechtsmedizin 2020, 30, 144–152. [CrossRef]

13. Chau, N.; Wild, P.; Dehaene, D.; Benamghar, L.; Mur, J.M.; Touron, C. Roles of age, length of service and job in work-related
injury: A prospective study of 446 120 person-years in railway workers. Occup. Environ. Med. 2009, 67, 147–153. [CrossRef]

14. Hirschwald, B.; Nold, A.; Bochmann, F.; Heitmann, T.; Sun, Y. Chronotyp, Arbeitszeit und Arbeitssicherheit. Zent. Arb. Arb.
Ergon. 2020, 70, 207–214. [CrossRef]

15. Folkard, S. Shift work, safety and productivity. Occup. Med. 2003, 53, 95–101. [CrossRef]
16. Healthy Workplaces Campaigns. Available online: www.osha.eu (accessed on 12 November 2020).
17. Yearbook of Labour Statistics 2019. Available online: www.stat.gov.pl (accessed on 12 November 2020).
18. Małysa, T. Use of holt’s model for forecasting until 2023 occupational accidents in the metallurgical industry in Poland. Metalurgija

2020, 59, 578–580.
19. Nævestad, T.-O.; Laiou, A.; Phillips, R.O.; Bjørnskau, T.; Yannis, G. Safety Culture among Private and Professional Drivers in

Norway and Greece: Examining the Influence of National Road Safety Culture. Safety 2019, 5, 20. [CrossRef]
20. Rinne, J.; Lyytimäki, J.; Kautto, P. From sustainability to well-being: Lessons learned from the use of sustainable development

indicators at national and EU level. Ecol. Indic. 2013, 35, 35–42. [CrossRef]
21. Supino, S.; Malandrino, O.; Testa, M.; Sica, D. Sustainability in the EU cement industry: The Italian and German experiences.

J. Clean. Prod. 2016, 112, 430–442. [CrossRef]
22. Stock, T.; Seliger, G. Opportunities of Sustainable Manufacturing in Industry 4.0. Procedia CIRP 2016, 40, 536–541. [CrossRef]
23. Grabowska, S. Smart Factories in the Age of Industry 4.0. Manag. Syst. Prod. Eng. 2020, 28, 90–96. [CrossRef]
24. Petrakos, G.; Psycharis, Y. The spatial aspects of economic crisis in Greece. Camb. J. Reg. Econ. Soc. 2016, 9, 137–152. [CrossRef]
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