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Abstract. The paper analyzes occupational accidents in selected forestry entities of the
Slovak republic for the period 2000 — 2018. The aim of the article is to analyze the impact of
chosen factors on the occurrence of occupational accidents in the group of forest workers. The
basis for the analysis was the day and the hour when the occupational accident occurred, the
information on harmed persons - gender, job, age, injured body part, the information about the
factors affecting injuries. Data were evaluated graphically and the correlation between selected
qualitative characteristics was determined by the method of contingency tables. The most risky
work phase is logging. In the case of self-employed, the risk of fatal work-related accidents is
higher than that of employees (a0 = 0,05). For self-employed, the risk of injury due to the use of
hazardous procedures is higher than that of employees (a = 0,05).
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AHHOTauus. B cTatbe aHAIM3KUPYIOTCS HECUACTHBIE CIyyau Ha MPOU3BOJCTBE B OT/EIb-
HBIX Jiecxo3ax CrioBarkoit PecryOmuku 3a mepuog 2000-2018 rr. Llenpro cTaTtbu siBIsieTcs aHa-
713 BIUSHUS BBIOpPAaHHBIX ()aKTOPOB Ha BO3ZHMKHOBEHHE HECUACTHBIX CIy4yaeB Ha IPOU3BOJICTBE
B rpymme JiecHbIX paboumx. OCHOBOHM il aHAIM3a MOCITYXKWIM J€Hb M Yac BO3HHUKHOBEHUS
HECYaCTHOTO Cilydasi Ha IPOM3BOJICTBE, HH(POPMALIUSA O NMOCTPaJaBIIUX — I10JI, padoTa, BO3pacr,
TpaBMHpOBaHHAs 4acTh Tena, HHPpopMalus o (hakropax, BIUSIONUX HA TpaBMbL. J[aHHBIE Olle-
HUBAJIUCHh TpapUUECKH, U KOPPEJALUs MeXAy BbIOPaHHBIMU KaueCTBEHHBIMH XapaKTE€pPHCTUKA-
MU OIpeaessiIach METOA0M TabIHIl cOonpsKeHHOCTH. CaMbIM PHCKOBAaHHBIM ATAIlOM paboTHI SB-
JsIeTCsl 3aroTOBKa Jieca. B cilydae caMO3aHATHIX PUCK HECYACTHBIX CIIy4aeB Ha IPOM3BOJICTBE CO
CMEpTENbHBIM MCXOJIOM BBIIIE, YeM y paboTHUKOB (o = 0,05). s caM03aHATHIX PUCK IOJTyYe-
HUS TPaBM H3-3a UCTIOJIb30BaHUS OMACHBIX MPOIETYP BhIIIE, ueM y paboTHUKOB (o = 0,05).

KiroueBble ci10Ba: HecyacTHbIE Cllyyad Ha IPOM3BOJICTBE; JECHOE XO35HCTBO; Oe3omac-
HOCTh Ha paboTe; MPOIIECC PETUCTPAINH; PHCK PabOTHI

Introduction. One of the main indicators of occupational safety and health is the risk of
accidents at work. The main aim of international organizations dealing with health and safety at
work is to reduce occupational accidents. The basic principles of the risk prevention include their
identification and evaluation. Therefore, it is necessary to analyze the development of accidents
at work, circumstances of their occurrence, basic characteristics of victims and other factors
influencing the risk of the accidents at work.

In Turkey, a case study was developed to identify the factors responsible for fatalities in
the logging process (Melenez, 2015). Personnel (32 %) and organizational factors (22 %) were
confirmed as the most important factors. In Poland, a survey was conducted (Pecyna et al., 2019)
on the causes of accidents in forestry. Respondents were presented with 16 common causes of
accidents at work and they were asked to identify those that occur in their workplace. Respond-
ents most often referred to human factors such as insufficient use of protective measures
(63,7 %), underestimation of risk (63 %), persistence or entry into the hazardous area during
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logging (56,3 %). Common sources of accidents in Austrian forestry are the loss of machinery
control, transport or handling equipment, hand tools and an object or animal, followed by slip-
ping, and falling, falling and collapse of material (Kogler, Quendler, Boxberger, 2016). The most
dangerous phases of the harvesting process in Italy are logging and wood handling with a 31 %
share of work-related accidents out of the total number of accidents occurred in the harvesting
process (Laschi et al., 2016). 25 out of 32 deaths of swedish forest workers between 1998 and
2002 were self-employed (Edgar, 2004). According to Thelin (2002), the most fatal accidents
among the self-employed occurred when working with chainsaws.

The aim of the article is to analyze the impact of the chosen factors on the occurrence of
work accidents in the group of forest workers in Slovakia.

Material and methods. The database was created from the data on work accidents in
Slovak forestry. The following data on these criterions from the database were used: the kind of
injury, the injured body parts and the cause of injury (Criterion were used according to the Min-
istry of labour, social affairs and family regulation nr. 500/2006 which imposes the model record
of registered injury). Examined injuries were registered during the following phases and activi-
ties of the timber harvesting and transportation process: phase of wood felling and yarding, work
process at forest depot, wood transport phase, work process at conversion depot and lower land-
ing, repair and maintenance activity and control activity of technical and economic workers. Da-
ta was processed with Microsoft Excel.

Contigency table. The method of contingency table was used to analyze the relationship
between quality characters (Table 1).

Table 1 — Example of contigency table

Factor B Degrees of factor B 3
Factor A Bi B> | ... Bj | ... B
f A ni np | ... nyg | ... Nim mi
S
b3 Ap n2i np | ... ny | ... Nn2m my
s
(3
Gy
o
3 A nj1 ni2 | ... nj | ... Nim m;j
=
&n
)
A Ak Nk1 ng | ... ng | ... Nkm mg
> ni n | .. n | ... Nm n

When there are two plural qualitative factors A, B, of which the first occurs in the varia-
tions (degrees) A1, Az, As, ... Ak and the second in the variations (degrees) Bi, B2, B3 ... Bn, their
sorting forms k x m contingency table shown in Table 1.

The degree of dependence between the plural form qualitative factors A, B is measured
by comparing actual frequencies in particular stages of the contingency table n; with the ex-

pected multiplicity n: ; assuming the independence of factors A, B. The expected dependences

are calculated according to the equation:

They are calculated by multiplying of the marginal frequencies (n; for factor A and n; for
B factor) range divided by a set of n.

The basis for the calculation is the quantity x> (chi square), which is specified by the rela-
tionship:
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The calculation of ¥? is done directly in the contingency table, where the expected fre-

quencies n, ; or the differences [ﬂf e n, }-) are recorded in each grade (box table) except for the

actual frequencies. Other symbols », k, m are known from the text.

Expected frequencies must also be calculated for the table boxes where the actual fre-
quencies are not occurring. The frequencies in the respective boxes enter the calculation of y?
with the value:

[III — nz i : _
n; H

The formula gives reliable results when the sample size is n > 40. If any of the frequen-

cies in the contingency table is less than 5, the appropriate correction must be made in order to

make the result reliable. The most advantageous correction is the one proposed by Yates

(Myslivec, 1957, In Smelko, Wolf, 1977) residing that we add the value of 0,5 to the minimum

frequency and the other frequencies we adjuste in the way that the marginal frequencies remain

unchanged. In the case that 20 < n <40 and any of the expected frequencies n, ; is less than 5, the

class in which the frequency is included should be merged with the neighboring (closest relative)
class of A or B factor. For the range set n < 20 this methodology should not be used at all.
Variable y? is the basis for a test of hypothesis about the independence of factors A and
B. Its small values argue in favor of the hypothesis, the large values against the hypothesis.
In practice, the compliance with the asymptotic distribution is considered to be sufficient
if aij> 5 Vi,j. If the ¥* = ¥%(4-1) m-1) (@), the hypothesis of independence of factors A, B is reject-

ed. The critical values of (1) (-1 () are tabulated, while (k—1) (m—1) represent the number of
degrees of freedom.

Sometimes the * is also called the ratio of assurance. The value of ¥ variable tells
whether the dependency between factors A and B could be regarded as statistically significant or
not. It does not say anything, however, about the dependence degree of these factors. The degree
of dependence can be expressed by a coefficient of correlation of two plural qualitative factors
A, B, which is calculated by the Cuprov formula (Urbach, In Smelko, Wolf, 1977):

_ || e
JnJk=1)-(m—-1)

Tam

Findings. The subjects of the analysis were records of serious occupational accidents for
the period 2000 — 2018 from selected forestry entities. Special attention was paid to the group of
self-employed persons. A total of 141 fatal accidents at work and 345 serious accidents at work
were statistically processed.

The number (ni2) of fatal accidents of self-employed is higher than the number (ni;) of
fatal accidents of employees (Tab. 2). The number (n21) of serious occupational accidents of
employees exceeds the number (n22) of serious occupational accidents self-employed persons
almost three times. The higher number (n21) of serious accidents of employees could also be
caused by the serious occupational accidents classification system depending on the duration of
sick leave (42 days), which was valid until the end of 2011. For the conformity testing of the se-
rious occupational accidents of employees and self-employed risk contingent tables method was
used (Table 2).
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Table 2 — A risk assessment of serious occupational accidents of employees and self-
employed (n; - actual frequencies, n’; - expected frequencies)

work number of injured em- number of injured self-

. sum
accidents ployees employed

fatal L (m) %0 (n12) 141
93 (nh1) 48 (n12)

serious 268 (n’z]) 7 (n’zz) 345
226 (nz1) 119 (nzz)

sum 319 167 486

The null hypothesis formulation: The difference between the incidence of fatal accidents
and serious accidents of employees and self-employed is statistically insignificant.

v’ =176,47;  Degree of freedom (DF): 1

With the significance level 5% and the degree of freedom 1 the chi-square statistic table
value is 3,8 (%> > %*1(0.05)), then we can state that we refuse the hypothesis with 95% probability.
The difference between the incidence of fatal occupational accidents and serious occupational
accidents of employees and self-employed is statistically significant. There were more fatal
accidents at work of self-employed persons than expected (ni2). The risk of fatal accidents at
work for self-employed is higher than for employees. The association coefficient rap = 0,397 de-
fines the degree of dependence as middle strong.

The most risky work phase is logging (Figure 1). There is also a very high risk of an
accident at work during the yarding phase. In both phases, up to 75% of all fatal accidents were
occurred.
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Figure 1 — The proportion of serious and fatal occupational accidents in specific work
phases or activities

The most often injured body parts were the legs, with the 27% share of all analysed
accidents. The second most often injured body part was the head (19% of all analysed accidents).
Accidents of the torso and the hand were registered in 17% each. The category body includes the
cases (16%), when more parts of body (e.g. the head and leg) were injured.

A contingency table (Table 3) was created to verify the statistical significance of fatal and
serious occupational accidents of employees and self-employed due to cause 8 (use of dangerous
procedures or work methods, including action without authorization, against orders, prohibitions
and instructions, staying in the endangering area).
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Table 3 — An assessment of difference in the occurrence of fatal and serious occupational
accidents due to cause 8 (use of dangerous work methods) and cause 12 (work risk) (n;; —
actual frequencies, n’;; — expected frequencies)

w.ork number of injured number of injured self-
e employees employed sum
due to ploy ploy
cause 8 95 (n}1) 58 (n’lz) 153
115 (n11) 38 (n12)
cause 12 176 (n21) 30 (n) 206
156 (n21) 50 (n22)
sum 271 88 359

The null hypothesis formulation: The difference in the occurrence of fatal and serious oc-
cupational accidents of employees and self-employed due to cause 8 and cause 12 (insufficiency
of personal condition for solid job performance) is statistically insignificant.

¥>=25,85  Degree of freedom (DF): 1

At the significance level a = 0,05 with a degree of freedom 1, the tabular value of the chi-
square represents 3,8. The inequality ¥*> %?1 (0.05) holds, so we reject the stated null hypothesis at
the chosen level of significance. The difference between the incidence of fatal and serious occu-
pational accidents of employees and self-employed due to cause 8 and cause 12 is statistically
significant. Cause 8 was the cause of serious work-related accidents of self-employed people
more often than expected. The risk of injury while using unsafe practices by self-employed is
higher than for employees. The association coefficient rap = 0,268 defines the degree of
dependence as weak.

Discussion. Of the 141 fatal occupational accidents which were examined, up to 44 %
were caused by the use of dangerous procedures or work methods, including unauthorized work,
staying in the endangering area (cause 8). In the case of serious accidents at work two causes of
accidents predominate. 180 accidents (52 %) occurred due to the lack of personal prerequisites
for proper work performance - e.g. lack of physical condition, sensory deficiencies, adverse per-
sonal characteristics and immediate psychophysiological conditions (cause 12). Cause 12, which
in practice is also called the common work risk, was represented by 18 % in fatal accidents. The
second most common cause of serious accidents is cause 8, for example the unsafe practices use,
which resulted in 26 % of accidents. The use of dangerous procedures at self-employed caused
41 % fatal work accidents and 27 % serious work accidents. The most significant cause of acci-
dents at work in Polish forestry from 2009 to 2016 was the misconduct of employees in 57,9 %
of cases (Golab, Krause, 2019).

Group V (fall of an object or material on person) is the most common source of fatal
accidents at work in Slovakia with a share of 42%. The dominant events that caused accidents in
forestry (Golab, Krause, 2019) were the impact of the object in motion (26,7%). Most accidents in
Slovenia were caused by direct contact with parts of the tree (60%) (Potocnik et al., 2006). In the
case of serious accidents at work in Slovakia, the largest proportions were injuries to the limbs
(43%), but there were also injuries to the head (19%) and torso. The occurrence of fatal work
accidents was caused mainly by injuries to several parts of the body. The incidence of fatal acci-
dents as well as head and torso injuries had a decisive effect. Danilovi¢ et al. (2016) examined
work accidents in forestry in Serbia from 2008 to 2012 and the most frequently damaged parts of
the body were legs (38%) and shoulders (35%), the most common injury source was a branch
(35%). According to Lefort et al. (2003) the most commonly injured part of the body was the knee
(28%) and the most common injury source was hitting a falling object (25%).

Lawson et al. (2006) state that despite the introduction of harvester technologies,
Newfoundland forestry has a high accident rate. There is an absence of a system of prevention,
inspection, methodology and the impact of reducing the volume of mining. The author points to
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the need for specific actions and a coordinated approach by the government, health care
institutions and researchers.

Effective tool for work accidents elimination is prevention. Prevent the work accidents
occurrence in timber harvesting process we can mainly the following measures observance:

Working and rest behaviour observance — employers are obliged to set the working and
rest behaviour.

Use of personal protective equipment - the role of the employer is to provide them and
the role of employees is to use them and take care of them.

Selection of suitable technology - while not only the type of technology is important, but
also its age and technical condition (noise and vibration level), the selection of suitable technolo-
gy is conditioned by a number of factors and it is important that workers follow established work
procedures.
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