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Abstract

Agriculture and forestry have traditionally been one of the most hazardous occupations for workers.
In both these sectors the tractor is one of the most used machinery. From a total of 89 detected serious
and fatal accidents with tractors in the Czech Republic between the years 2009 and 2018 were
72 serious and 17 fatal. All the accidents affected men (no woman was affected). Men around 56 with
low practice length were most at risk of injury. Categories created by the State Labour Inspection
Office of the Czech Republic assign exactly one category to each injury. The most common cause of
the accident was poor or insufficiently estimated risk (in 62 of 89 cases). Own accident categories
were created, and more than one category of cause was assigned to one injury if found. The most
common cause of the accident was an incorrect procedure and breach of rules. The analysis of
accidents and related information revealed that out of 89 cases the injury became most often to
a tractor operator (in 47 cases) and outside the cab (in 50 cases). Within the labour relations, 14% of
the injuries were fatal and 86% were serious; outside of labour relations, 67% of the injuries were
fatal and 13% were serious.
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INTRODUCTION

More than 2.78 million people die every year
as a result of occupational accidents or work-
related diseases and an additional 374 million
workers suffer from non-fatal occupational
accidents (Wadsworth and Walters, 2019).
Agriculture and forestry have traditionally been
very hazardous sectors for workers (International
Labour Organisation, 2015; International Labour
Organisation, 2005). In 2017, there were 2.4 cases
of incapacity for work per 100 insured persons

due to an accident at work in the CZ-NACE group
“Agriculture, Forestry and Fisheries”, which was the
highest of all 20 monitored groups (Czech Statistical
Office, 2018). The most used machine in agriculture
is traditionally a tractor (Cavallo et al, 2014; Ayers
and Khorsandi, 2017). It is also often used in forestry
(Akay, 2005; Spinelli et al, 2015; Magagnotti and
Spinelli, 2011). To reduce the incidence of accidents
with tractors and propose corrective action for
a particular situation, it is necessary to know many
facts to understand why the accident happened.
Therefore, this article deals with the analysis of
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serious and fatal accidents with a tractor (what
caused the accident, who was affected by it, where
it happened, etc.) in the Czech Republic for ten years.

MATERIALS AND METHODS

From the information system of the State Labour
Inspection Office of the Czech Republic, serious
and fatal injuries whose accident report involved
a tractor in the Agriculture, Forestry and Logging
category between the years 2009 and 2018 in the
Czech Republic were selected. Accident reports and
related information were studied, and the cases in
which tractors were involved in the accident were
included in further research. A total of 89 accident
reports and related data (activity during the
accident, source of injury, place of injury, cause of
injury, age, sex and years of practice, employment
relationship, etc.) were examined and statistically
evaluated in TIBCO Statistica software. First
relations were determined by dividing data into
groups using k-means cluster analysis based on
age and practice length. The Kolmogorov-Smirnov
test for the distribution analysis of practice length
and age between serious and fatal injuries was
performed. Correlation between age, practice
length and factors of injuries were determined
using Kendall's tau correlations. A contingency table
was created and dependencies between the case
and factors of injuries and severity of work were
analyzed using the chi-square test of independence.

RESULTS

From a total of 89 detected serious and fatal
accidents with tractors in the Czech Republic
between the years 2009 and 2018 were 72 serious
(injured person was treated in the hospital for

more than 5 days after the accident) and 17 fatal
(injured person died within one year after the
accident). All the accidents affected men (no woman
was affected). Further details are provided in the
following analyses.

Cluster Analysis by Age and Practice Length

The average age of a man who suffers a serious
or fatal occupational injury with a tractor was
45.0 years. In the case of 86 persons for whom the
figure was known, the average number of practice
lengths at the accident date was 11.0 years. Cluster
analysis was performed, in which workers were
divided into three groups according to their age and
years of practice, where:

* in Group 1, the average age of persons involved
was 55.0 years and they worked on average
37.0 years,

* in Group 2 the average age of persons involved
was 56.6 years and they worked on average
8.8 years,

* in Group 3, the average age of persons involved
was 27.5 years and they worked on average
3.5 years (Fig. 1).

Relation Between Work Injury Severity and Age

Frequency histograms of practice length for
serious and fatal injuries are displayed in Fig. 2. and
Fig. 3.

The Kolmogorov-Smirnov test was performed for
the analysis, whether a group of serious injuries and
a group of fatal injuries have the same probability
distribution of worker's age. P-value was higher
than the significance level alpha = 0.05, the null
hypothesis was accepted. There are no differences
in worker's age distribution between serious and
fatal injuries.
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Relation Between Work Injury Severity
and Practice Length

Frequency histograms of practice length for serious
and fatal injuries are displayed in Fig. 4. and Fig. 5.

Kolmogorov-Smirnov test was performed for the
analysis, whether a group of serious injuries and
a group of fatal injuries have the same probability
distribution of practice length. P-value was lower
than the significance level alpha = 0.05, the null
hypothesis was rejected. There are differences in
practice length distribution between serious and
fatal injuries.

Analysis of the Causes of Injuries

The frequency of the causes of injury was
evaluated within the categories defined by the State
Labour Inspection Office of the Czech Republic,
which assigns exactly one category to each injury.
It was found that 62 of the injuries were caused by
poorly or insufficiently estimated risk, 7 by using
unsafe practices or working methods (including
work without authorization, against prohibition,
stay in danger area) and only 14 injuries resulted
from other causes, which are more detailed in
Tab. L.
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Using the chi-squared test of independence,
the null hypothesis of variables independence
(categories of accident causes and severity of the
work injury) was tested and the p-value was found
to be smaller than 0.05. Therefore the null hypothesis
was rejected and it was stated that is a difference in
injury cases between fatal and serious injuries.

In particular, the Tab. I shows a higher incidence
of unsafe practices or working methods in cases of
fatal accidents.

According to the most frequent causes of injury in
the accident reports and related information own

categories of causes of accidents (except categories

registered by the State Labor Inspection Office) were

created:

« failure - caused — the cause or one of the causes of
the injury was a machine or tool failure that was
caused directly by the injured or other workers;

« failure — not caused — the cause or one of the
causes of the injury was a machine or tool failure
that was not immediately caused by the injured
or other workers;

« failure — not detected — the cause or one of the
causes of the injury was a machine or tool failure,
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L. The frequency of the causes of accidents
Number of accidents
Categories of accidents causes Serious Fatal Total
n % n % n %
The poor or insufficiently estimated risk 53 726 563 62 69.7
Unsafe practices or working methods (including work without ) 27 5 313 7 79

authorization, against prohibition, stay in danger area)
Not identified

5 6.8 1 6.3 6 6.7

Deficiencies of personal prerequisites for proper work performance (lack
of physical prerequisites, sensory deficiencies, unfavorable personal 5 6.8 0 0.0 5 5.6

characteristics, and immediate psychophysiological states)

Threatened by other persons (distraction at work, pranks, quarrels, and

other wrong or dangerous actions of others)

Wrong organization of work

1 1.4 1 6.3 2 2.2

Defective or unfavorable condition of the source of injury (not workplace) 2 2.7 0 0.0 2 2.2

Missing or insufficient protective devices and safeguards

Unfamiliarity with safe working conditions and lack of necessary
qualifications (theoretical knowledge, skills, training, adaptation, etc.)

Total 73 100 16 100 89 100
II: The frequencies of the individual categories of accidents causes
Number of accidents
Categories of accidents causes Serious Fatal Total

n % n % n %
An incorrect procedure, breach of rules 28 35 9 50 37 378
Loss of balance 22275 0 0 22 224
Tractor overturning 7 8.8 6 333 13 133
Slipping, skidding 9 11.3 1 5.6 10 102
Failure - not caused 7 8.8 0 0 7 7.1
Failure - not detected 5 6.3 1 5.6 6 6.1
Failure - caused 2 2.5 1 5.6 3 31
Total 80 100 18 100 98 100

but it was not possible to determine whether
it was caused directly by the injured or other
workers;

« slipping, skidding — the cause or one of the causes
of injury was a spontaneous movement or skid
off the machine (and tools);

* tractor overturning — the cause or one of the
causes of the accident was the tractor overturning;

* loss of balance - the cause or one of the causes
of injury was a loss of balance or a slip of the
injured or other workers;

* an incorrect procedure, breach of rules — the
cause or one of the causes of the accident was
non-compliance with the prescribed work
procedure or safety rules by the injured or other
workers.

It was taken into consideration that one accident
could have more than one cause and therefore more
than one cause category was assigned to one injury
if found. However, none of the defined categories
could be assigned to the 12 injuries, because there
was a road accident between the tractor and
another vehicle caused by the other driver (in two
cases), the injured person had a heart attack (in two
cases, both resulting in death), etc. The frequencies
of the individual categories of accident causes are
shown in Tab. IL

The differences of cause frequencies between
fatal and serious accidents were tested using chi-
squared test of independence. Only significant
differences of cause frequencies (p-value < 0.05) are
shown in Tab. III. and Tab. IV.
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1II: Cause - loss of balance (p-value = 0.00862)

Loss of balance

Type of injury Total
Present Absent

n 22 50 72
Serious

% 30.6 69.4

n 0 17 17
Fatal

% 0.0 100.0
Total 2N 22 67 89

IV: Cause — tractor overturning (p-value = 0.00725)

Tractor overturning

Type of injury Total
Present Absent

n 7 65 72
Serious

% 9.7 90.3

n 6 11 17
Fatal

% 35.3 64.7
Total >n 13 76 89

All accidents with an identified cause — loss of
balance were classified as serious.

A ftractor overturning often results in a fatal
injury.

Using Kendall's tau correlation, the statistical
dependence between selected categories of causes
of injury and the age of the operator and between
these categories and the operator's practice length
were determined.

The statistical correlation was found between
the operator's age and the loss of balance. The
other causes of the injury did not prove statistical
dependence between them and the operator's age,
as shown in Tab. V. The analysis has shown that
older operators tend to lose of balance more often
than the younger ones.

The statistical correlation was proved between
the operator's practice length and the tractor
overturning. The analysis has shown that operators
with less experience tend to overturn the tractor
more. The other causes of the injury did not prove
statistical dependence between them and the
operator's practice length, as shown in Tab. VL.

Analysis of the Job Function of the Injured
Person

For further analysis categories of person who was
affected by the injury were created:
 operator — the tractor operator has been injured;

» others — people other than the tractor operator
were affected by the accident (e.g. his co-workers
or people in the workplace);

* cannot be determined — it cannot be ascertained
whether the tractor operator or other people have
been injured.

The analysis of accidents and related information
revealed that out of 89 cases the injury became
a tractor operator in 47 cases, another person
in 9 cases, in one case the accident occurred
simultaneously to the operator and another person
and in 32 cases it was not possible to determine
with certainty whether the injury occurred to the
tractor operator or another person. Information
about the severity of injury can be found in Tab. VII.

V: Kendall's tau correlation between the operator's age and the cause of the injury

. R 33 Incorrect procedure, Tractor
Failure - caused Slipping, skidding Loss of balance breach of rules overturning
Age 0.015062 -0.007460 0.151659 -0.024637 -0.134954
VI: Kendall's tau correlation between the operator's practice length and the cause of the injury
. R 33 Incorrect procedure, Tractor
Failure - caused Slipping, skidding Loss of balance breach of rules overturning
Practice length -0.003282 -0.072008 0.117273 0.054340 -0.161940
VII: Number of injuries by severity and the job function of the injured person
L Injured person
Type of injury - Total
Operator Others Operator and others Cannot be determined
n 36 7 1 28 72
Serious
% 76.6 77.8 100.0 87.5
n 11 2 0 4 17
Fatal
% 234 22.2 0.0 12.5
Total 2n 47 9 1 32 89
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VIII: Number of injuries by severity and the location of the accident (p-value = 0.0242)

Location of the accident

Type of injury - Total
In the tractor Outside the tractor Ascent/entry
) n 18 42 12 72
Serious
% 66.7 84.0 100.0
n 9 8 0 17
Fatal
% 333 16.0 0.0
Total 2n 27 50 12 89
IX: Number of injuries by severity and the type of labor-law relationship (p-value = 0.00013)
L Type of labor-law relationship
Type of injury - - - Total
In labour relations Outside labour relations
n 69 3 72
Serious
% 95.8 4.2
n 11 6 17
Fatal
% 64.7 35.3
Total >n 80 9 89

If the injury happened to the operator, the most
common cause (or one of the cause) for the injury
was an incorrect procedure, breach of rules
(16 cases), loss of balance (14 cases) and tractor
overturning of the tractor (13 cases).

When other people were affected by the accident,
the most common cause (or one of the causes) was an
incorrect procedure, breach of rules (7 cases), slipping,
skidding (3 cases) and tractor overturning (1 case).

Analysis of the Place where the Injury Occurred

Categories have been created to assess the
location of the accident:

* in the tractor — the accident occurred in the
tractor cab;

« outside the tractor - the accident occurred
outside the tractor cab;

* ascent/entry — the injury occurred when getting
out of or entering the tractor cab.

From the 89 considered cases, 27 of them happened
in the tractor, 50 outside the tractor cab and
12 during ascent or entry. The location differences
between serious and fatal injuries were tested using
chi-squared test of independence. Further details are
given in Tab. VIIL

In the case of accidents occurring in the tractor,
the most common cause (or one of the causes) was
tractor overturning (13 cases), incorrect procedure,
breach of rules (9 cases) and slipping, skidding
(6 cases).

If the accident occurred outside the tractor cab,
the most common cause (or one of the causes) was
an incorrect procedure, breach of rules (28 cases),
loss of balance (9 cases) and failure — not caused
(5 cases).

Cases that occurred when getting in or out of the
tractor cab were caused in all cases by loss of balance.

Analysis of the Relationship Between the Type
of Labor-law Relationship and the Severity
of the Work Injury

Of the 89 serious and fatal injuries, 80 were in
labor relations, 9 of them outside labor relations —
based on work performance agreement, agreement
on work activity or as a person performing
activities or providing services outside the labor-
law relationship. In the case of labor relations, 14%
of the injuries were fatal and 86% were serious,
outside of labor relations, 67% of the injuries were
fatal and 13% were serious. The Contingence table
is shown in Tab. IX. Using the chi-squared test of
independence, the null hypothesis of variables
independence (labor relations and severity of
the work injury) was tested and the p-value was
found to be smaller than 0.05. Therefore the null
hypothesis was rejected and it was stated there are
differences in the frequency of workers in labor
and frequency of workers outside labor relation
between the causes of fatal and serious relations.

DISCUSSION

The article examined serious and fatal accidents.
Reporting these injuries to the State Labour
Inspection Office of the Czech Republic is mandatory
under the legislation, therefore, these accidents are
well described. However, minor accidents and risks
must also be taken into consideration. Heinrich
introduced the statistical relationship between
frequent minor accidents, rare serious accidents
and very rare fatal accidents (Heinrich, 1941),
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which is known as Heinrich pyramid or Heinrich's
Law. Although some authors question the accuracy
and validity of this concept (Marshall, Hirmas and
Singer, 2018), it can generally be assumed that
one serious or fatal accident indicates much more
minor accidents or risks.

When analyzing the causes of serious or fatal
work-related accidents that occurred in connection
with the tractor, according to the categorization
of the State Labor Inspection Office of the Czech
Republic, 69.7% of them were caused by poorly or
insufficiently estimated risk. This categorization
assigns exactly one cause to each accident, and
it is not possible to determine why the risk was
misjudged. Therefore, the own categories of
causes of accidents (except categories registered
by the State Labor Inspection Office) were created
according to the most frequent causes of injury in
the accident reports and related information. It was
taken into consideration that one accident could
have more than one cause and therefore more than
one cause category was assigned to one injury if
found. In this way, it was found that 41.6% of the
injuries were caused by (or one of the causes was)
an incorrect procedure or breach of rules. This
situation may be due to a lack of knowledge of these
rules, an inability to apply the information obtained
in practice or their intentional ignorance.

The incorrect procedure or breach of rules, as
well as a poorly or insufficiently estimated risk,

which is closely related to the former and may be
understood as its more general expression, could
be solved by occupational safety training (Caffaro
et al., 2018). This statement is supported by the fact
that fatal occupational accidents have occurred
more frequent outside the labor relations, in which
workers are usually not as well trained (these
relationships tend to be shorter and the level of
occupational safety is not controlled at the same
level as in the labor relations).

These occupational safety training should be
focused especially on the people who are perceived
to be the most vulnerable group - around 56
years old and with low experience, and it should
be taken into consideration that 56% of accidents
have occurred outside the tractor, therefore it is
necessary to focus on all aspects and means of
working with the tractor (e.g. also on attached tools).

Within the own categories, the second most
common cause of fatal injury was a tractor
overturning. The fact that tractor rollover is the
leading cause of fatalities also shows the results of
other authors (Rondelli, Casazza and Martelli, 2018).
This situation indicates the necessity of protective
elements in the design of the tractor as roll-over
protective structures (ROPS) because they help
protects the driver when the tractor is overturned
(Ayers et al., 2018; Troyanovskaya et al., 2018) and
reduce the severity of injuries.

CONCLUSION

From a total of 89 detected serious and fatal accidents with tractors in the Czech Republic between
the years 2009 and 2018 were 72 serious and 17 fatal. All the accidents affected men (no woman
was affected). Men around 56 with low practice length were most at risk of injury. While according
to the categories created by the State Labour Inspection Office of the Czech Republic, which assigns
exactly one category to each injury, the most common cause of the accident was poor or insufficiently
estimated risk (in 62 of 89 cases). After the own accident categories were created and more than one
cause category was assigned to one injury if found, the most common cause of the accident was an

incorrect procedure and breach of rules.

The analysis of accidents and related information revealed that out of 89 cases the injury became
most often to a tractor operator (in 47 cases) and outside the cab (in 50 cases). In the case of labor
relations, 14% of the injuries were fatal and 86% were serious, outside of labor relations, 67% of the

injuries were fatal and 13% were serious.
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