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Abstract: Despite the all precautions, underground coal mining is one of the dangerous indus-
tries owing to fatal occupational accidents. Accidents are complicated events to which many
factors effect on their formation and preventing them is only possible by the analyses of the
accident occurred in past and by straight evaluation of the obtained results. In this study,
hierarchical loglinear analysis method was implemented to occupational fatalities occurred in
the period of 1980-2004 in the five underground coal mines of Turkish Hardcoal Enterprises
which has the most important coal production areas in Turkey. The accident records were
evaluated and the main factors affecting the accidents were defined as mine, miners’ age, occu-
pation, and accident type. By taking into account the sub factors of the main factors, multi
way contingency tables were prepared and thus, the probabilities might effect fatality accidents
were investigated. At the end of this study, it was found that the mostly affected job group by
the fatality accidents was the production workers and additionally, these workers were mostly
exposed to roof collapses and methane explosions. Moreover, important accident risk factors
and the occupational job groups which have high probability to be exposed to these risk factors
were determined and important information about decreasing the accidents in the underground
coal mines were presented.
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Introduction

The mining industry has a high incidence of injury
among all industry divisions, particularly of fatal
injures!). Despite the record of progress that has been
achieved in reducing mining fatalities and injures, both
the number and severity of mining accidents are still
unacceptable?. Common causes of fatal injury include
rock falls, fires, explosions, mobile equipment accidents,
and electrocution®. To identify the potential problem
areas, it is necessary to investigate the causes of acci-
dents and their control through quantitative analysis
of accident data®. The objective of accident analysis
is to prevent accidents in the future. For the accident
prevention, it is necessary to identify common factors
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and characteristics contributing to the fatal and nonfatal
accidents, respectively. Strategies for accident preven-
tion should be in reasonable agreement with significant
variables of occupational accidents. These results can
be used to develop more effective accidental occupa-
tional death and injury prevention programs>.
Underground coal mining has the highest occupation-
al fatality incidence rate in Turkey®. The rate of injury
due to underground coal mining accidents is the highest
with an injury rate of 10.1% according to the Social
Insurance Institution”). In this study, fatal occupational
accidents occurred in Turkish Hardcoal Enterprises
between the years 1980-2004 were examined. The
accidents were categorized in terms of mine, min-
ers’ age, occupation, and accident type and statistical
analysis were performed using SPSS package program.
Hierarchical loglinear models were used to determine
the degree of interaction between the variables. As a
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result of the study, the most important risk elements of
the occupational accidents in all the enterprises have
been determined.

Methods

Loglinear models

The purpose of loglinear modeling is the analysis of
association and interaction patterns. Loglinear models
are of use primarily when at least two variables are
response variables. A common use is modeling cell
counts in contingency tables. Although loglinear mod-
els can be used to analyze the relationship between
two categorical variables (two-way contingency tables),
they are more commonly used to evaluate multiway
contingency tables that involve three or more variables.
Loglinear models for higher dimensions are more com-
plex than for two-way tables, because of the variety of
potential association terms. The variables investigated
by loglinear models are all treated as response variables
and therefore, loglinear models demonstrate association
between variables® 9.

Hierarchical loglinear models express the logarithm
of cell probabilities as a sum of effects. The fullest
loglinear model includes a constant, the main effects of
each variable, and all two and higher order interactions.
This model is known as the saturated model because it
has as many parameters as there are cells in the table,
and thus fits the data perfectly® 19, The loglinear
model used in this study is constructed from four-way
contingency table (Table 1) of mine (W), miners’ age (X),
occupation (Y), and accident type (Z).

A four-way hxixjxk cross-classification of response
variables W, X, Y, and Z has several potential types of
independence®. The saturated loglinear model includes
both main effects of the variables and their interaction
effects®). The saturated loglinear model for the four-
way contingency table is expressed as follows®).

1 w X Y VA WX wYy Wz
0g /’l/’lljk =1 +ﬂ'h +/’{’i +ﬂ’j +ﬂ'k +ﬂ’/’li +ﬂ“/’lj +ﬂ“/’lk
XY Xz YZ wWXY WXz WYz

XYZ | JWXYZ
+lijk +i,“»jk [1]

Where,

A: Constant,

AN, A%, A, Af: Main effects,

ANX, /%{Y, ANE, 2XY, A%, l};z : 2nd order interactions,
Y, AP, i;vg,fz, /lfj‘»,fz: 3rd order interactions,

l;%?,iy Z: 4th order interactions.

Collecting of data for the loglinear model
Accident analyses are used to identify common fac-
tors contributing to occupational accidents and to give

Table 1. Cross-classification table of the variables

Mine Age Occupation Accident

Accidentl
Accident2
Accident3
Accident4
Accidentl
Accident2
Accident3
Accident4
Accidentl
Accident2
Accident3
Accident4
Accidentl
Accident2
Accident3
Accident4
Age2 - -

Minel Agel Occupationl

Occupation2

Occupation3

Occupation4

Mine5 Agel Occupationl Accidentl

recommendations for accident prevention®. The studies
conducted on the occurrence of injures in underground
coal mines have identified a number of variables affect-
ing mine accidents. Based on the published litera-
turels 4 1114 and the accident records, the variables
chosen in this study were divided into the four main
groups such as mine, miners’ age, occupation, and acci-
dent type.

Accident data were collected from five underground
coal mines from 1980 to 2004. The mines are located
in the northwestern Turkey on the Black Sea coast and
from mining operations point of view; these are the
most important production areas in Turkey. There are
five coal mines in the basin, namely, Amasra, Armutcuk,
Karadon, Kozlu and Uzulmez. It is predicted that the
coal reserves in coal basins are about 1.1 billion tons of
coal and their area extent is 13,000 km?. The proven
reserves include the seams which are present to a depth
of 1,200 m, thicknesses varying between 1 and 10 m.
The total coal seam thickness is about 40 m'>. The
currently applied methods in the mines are longwall
caving and wholly manual. The main ventilation meth-
ods are the exhausting systems. The number of persons
employed in the mines is shown in Fig. 1.

Deaths due to underground coal mining accidents
have been recorded officially and a total of 830 occu-
pational fatalities were reported between the years of
1980-2004. All accidents, including occupational ones,
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Fig. 1. The total numbers of employees between 1980-2004.
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Fig. 3. Percentage distributions of injured persons by mine, occupation, age, and type of accident.

are reported to the legal authorities in order to deter-
mine the cause and manner of death®. Figure 2 shows
the number of fatal injures in the Turkish Hardcoal
Enterprises.

In this study, the occupational fatalities were evalu-
ated with respect to mine, age, occupation, and acci-
dent type. The mine variable (MINE) has five catego-
ries, namely, Amasra, Armutcuk, Karadon, Kozlu and
Uzulmez. The age variable (AGE) was categorized into
three groups: 20-30 yr, 3040 yr, and 40-50 yr. The
occupation variable (OCCUPATION) has four catego-
These are firing man, haulage worker, supporter
and production workers. The common responsibilities
of these occupational job groups can be given as drill-
ing and blasting for firing man; loading and remov-
ing coal from mines for haulage workers; advances,
arrangement and maintenances of the support units for
supporter; coal excavations for production workers.
Causes of accidents leading to fatalities (ACCIDENT)
were categorized into four main groups such as roof
collapse, transportation, gas poisoning, and methane gas
explosions. The percentage distribution of injured per-
sons with respect to the mine (a), occupation (b), age (c),
and type of accident (d) are shown in Fig. 3.

As shown in Fig. 3(a), the largest proportion of fatal
accidents occurred in Kozlu (46%). Figure 3(b) indi-

ries.

cates that the production workers were more likely to
be injured than the other workers. The other workers
can be put in order as haulage workers (26%), supporter
(15%), and firing man (5%). The largest proportion of
death (59%) took place in the age groups of 30-40 yr
(Fig. 3(c)). The 23% of deaths occurred in the age
groups of 40-50 yr, followed by 20-30 yr (18%). In
the percentage distribution of fatal injuries as shown
in Fig. 3(d), methane explosions (48%) represents the
most common type of fatal accident, followed by roof
collapse (34%), transportation (15%) and gas poisoning
(3%).

The data collected from five underground coal mines
were evaluated with hierarchical loglinear method for
detailed investigation of effective factors on fatality
accidents and obtained results are given as follows.

Results and Discussions

Loglinear analysis is a multivariate extension of y2
used to detect the varying associations and interactions
between the variables and provide a systematic approach
to the analysis of complex multidimensional tables.
The hierarchical loglinear analyses were used in this
study and the analyses were carried out by using SPSS.
A loglinear analysis was applied to the frequency data

Industrial Health 2010, 48, 872-878
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Table 2. Tests of main effects and higher-order interactions
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Degree of Interactions Interactions DF 72 Probability (p)
OCCUPATION 3 661,282 0.0000
. ACCIDENT 3 656,930 0.0000
Main effects
AGE 2 574,160 0.0000
MINE 4 512,455 0.0000
MINE*ACCIDENT 12 426,552 0.0000
OCCUPATION*ACCIDENT 9 151,559 0.0000
) MINE*AGE 8 33,538 0.0040
AGE*OCCUPATION 6 26,845 0.0081
MINE*OCCUPATION 12 21,578 0.3638
AGE*ACCIDENT 6 13,501 0.3337
MINE*OCCUPATION*ACCIDENT 36 51,840 0.9939
5 MINE*AGE*OCCUPATION 24 49,155 0.8401
MINE*AGE*ACCIDENT 24 29,197 0.9997
AGE*OCCUPATION*ACCIDENT 18 22,332 0.9994
4 MINE*AGE*OCCUPATION* ACCIDENT 72 9,553 1.0000
Table 3. The results of fourth-order interaction terms for the loglinear model
Effect name b OR CI
KOZLU*40-50*FIRING MAN*ROOF COLLAPSE 0.82 227  0.61-8.43
KOZLU*20-30*PRODUCTION WORKER*METHANE EXPLOSION 0.79 220  0.77-6.32
KOZLU*40-50*HAULAGE WORKER* METHANE EXPLOSION 0.63 1.88  0.63-5.61

ARMUTCUK#*30-40* PRODUCTION WORKER* METHANE EXPLOSION 0.61 1.84

0.67-5.03

using mine (5), age group (3), occupation (4), and
accident type (4). These relationships are illustrated in
Table 2 and the associations and interactions are dis-
cussed thereafter.

Table 2 shows the main effects and higher-order
interaction terms of the hierarchical loglinear model.
The significance of the interaction terms was tested
with the likelihood-ratio (y2 value) test¥. It was found
that the 3rd and 4th order interaction terms were not
significant and the main effects and MINE*ACCIDENT,
OCCUPATION*ACCIDENT, MINE*AGE and AGE*
OCCUPATION interaction parameters are statistically
significant (p<0.05).

SPSS prints out the required parameters in the
“Parameter Estimates” table of the output. One of these
parameters is lambda and it is the usual designation for
the effect coefficient. Lambdas appear as “coefficients”
in the estimates column of this table. These parameters
can be labeled as “b” coefficients and Exp(b) is the
odds ratio (OR). The odds ratio is a type of effect size
Odds ratio of 1 indicate no effect. Although
odds ratio greater than 1 indicate the variable in ques-
tion increases the odds, odds less than 1 indicate the
variable decreases the odds!'®). If the odds ratio is
greater than 1 and the lower bound of the confidence

measure.

interval (CI) does not go below 1, it can be said that a
proposed risk factor acts as a significant risk to acci-
dents'?).

In this study, seeing that the fatal occupational acci-
dents were evaluated, to achieve more detailed accident
analyses, it was evaluated all of the probability from
fourth-order interaction to main effect. The values
obtained from SPSS package programme were used to
calculate the odds ratios (OR) and their 95% confidence
intervals (CI). The most important results of the fourth-
order interaction terms of the loglinear model are shown
in Table 3.

According to the odds ratios given in Table 3,
KOZLU*40-50*FIRING MAN*ROOF COLLAPSE has
the highest odds ratio. This 4th order interaction shows
that the firing men in 40-50 yr old group were exposed
to fatality accidents because of roof collapse. Some
important issues taking attention in 4th order interac-
tions can be given as KOZLU has the highest accident
rate and the methane explosions are dangerous. When
odds ratios and confidence intervals were evaluated
together, an apparent 4th order interaction to conduce
a fatal work accident could not be determined. After
evaluation of 4th order interaction results, 3rd order
interactions are evaluated and the values of important
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Table 4. The results of third-order interaction terms for the loglinear model
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INTERACTIONS Effect Name b OR CI
KOZLU* PRODUCTION WORKER* METHANE EXPLOSION 075 212 1.07-4.18
MINE*OCCUPATION*ACCIDENT ~ ARMUTCUK* HAULAGE WORKER* METHANE EXPLOSION 0.71 2.03 0.99-4.18
UZULMEZ* HAULAGE WORKER* TRANSPORTATION 0.48 1.62  0.76-3.45
KOZLU*20-30* PRODUCTION WORKER 0.35 142 0.75-2.68
MINE*AGE*OCCUPATION KOZLU*40-50* FIRING MAN 0.31 136  0.64-2.92
KOZLU*30-40*SUPPORTER 0.29 1.34  0.70-2.56
KOZLU*40-50* METHANE EXPLOSION 0.64 1.90 1.02-3.52
MINE*AGE*ACCIDENT KOZLU*30-40* METHANE EXPLOSION 0.59 1.80 1.00-3.26
KARADON*30-40*TRANSPORTATION 0.41 1.51 0.79-2.87
30-40* HAULAGE WORKER* TRANSPORTATION 0.36 143 0.82-2.51
AGE*OCCUPATION*ACCIDENT 40-50* HAULAGE WORKER* TRANSPORTATION 0.35 142 0.79-2.53
30-40* PRODUCTION WORKER* ROOF COLLAPSE 0.31 1.36 0.82-2.27

3rd order interactions are given in Table 4.

The most important 3rd order interaction probabilities
are given in Table 4. Firstly, MINE*OCCUPATION*
ACCIDENT 3rd order interaction was evaluated and
it was found that KOZLU*PRODUCTION WORKER*
METHANE EXPLOSION interaction was the most
important risk group. This interaction shows that
the possibility of death related to methane explosion
for the production workers in Kozlu is high. From
MINE*AGE*OCCUPATION interaction, it was found
that KOZLU*20-30¥*PRODUCTION WORKER interac-
tion was the most important risk group. This interaction
indicates that the possibility of being exposed to fatal
work accidents for the 20-30 yr old group production
workers in Kozlu is high. 40-50 yr old group in Kozlu
was more likely to be affected by methane explosion
according to the MINE*AGE*ACCIDENT 3rd order
interaction. The probability of exposure to fatal work
accidents related to transportation was found high for
3040 yr old group transportation workers as seen from
AGE*OCCUPATION*ACCIDENT interaction. When
odds ratios and confidence intervals were evaluated
together, it could be said that the possibility of 30-40
and 40-50 yr old group production workers being
exposed to fatal work accidents because of methane
explosion is very high. By evaluating the other remain-
ing interactions in the same way, the reasons related
to the accidents for mine, occupation or age group can
be defined. After evaluation of 3rd order interactions,
the 2nd order interactions were evaluated and obtained
important results are given in Table 5.

When the 2nd order interactions given in Table 5
are evaluated, MINE*ACCIDENT interaction shows
that Kozlu and Armutcuk are dangerous due to meth-
ane explosions and Uzulmez is dangerous due to roof
collapses. OCCUPATION*ACCIDENT interaction

shows that transportation workers have high possibility
of exposure to fatal work accidents due to transporta-
tion and production workers and supporters have high
possibility of exposure to fatal work accidents due to
roof collapses. When MINE*AGE interaction is evalu-
ated, it is found that workers at 30—40 yr old group in
Kozlu have high accident risk. AGE*OCCUPATION
interaction shows that production workers at 30-40 yr
old group has the highest risk. MINE*OCCUPATION
interaction shows that production workers in Kozlu and
Karadon, and transportation workers in Armutcuk have
high risk. When AGE*ACCIDENT 2nd order interac-
tion is evaluated, it is found that workers at 30-40 yr
old group have high risk of fatal work accidents due to
roof collapse and methane explosion. When the odds
ratios and confidence intervals are evaluated together, it
can be said that the methane explosions in Kozlu and
Armutcuk have high risk, 30-40 yr old group produc-
tion workers have high risk, and moreover transporta-
tion workers are exposed to fatal work accidents due to
transportation and production workers are exposed to
fatal work accidents due to roof collapse. After evalu-
ation of 2nd order interactions, the main effects are
evaluated and the results are given in Table 6.

When Table 6 is evaluated by taking into account
both the odds ratios and confidence intervals, it can be
said that Kozlu is the mine having the highest risk of
fatal work accident. It is followed by Armutcuk and
Karadon. It can be said that Uzulmez and Amasra have
less occupational fatality risk. The age group having
the highest risk of being exposed to accident is 30—40.
Production workers are the job group having the high-
est risk being exposed to fatal work accident. Haulage
workers and supporter nearly have similar risk; firing
man has less accident risk. The most important fac-
tor in creating fatal work accident is the roof collapses.

Industrial Health 2010, 48, 872-878
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Table 5. The results of second-order interaction terms for the loglinear model

INTERACTIONS Effect Name b OR CI
KOZLU* METHANE EXPLOSION 0.90 246 1.66-3.65
MINE*ACCIDENT ARMUTCUK* METHANE EXPLOSION 0.59 1.80 1.21-2.69
UZULMEZ* ROOF COLLAPSE 0.40 1.49 0.98-2.27
HAULAGE WORKER* TRANSPORTATION 0.61 1.84 1.28-2.64
OCCUPATION*ACCIDENT  PRODUCTION WORKER* ROOF COLLAPSE 0.60 1.82  1.30-2.56
SUPPORTER* ROOF COLLAPSE 0.31 1.36 0.94-1.98
KOZLU*30-40 032  1.38 0.97-1.96
MINE*AGE ARMUTCUK*20-30 0.089 1.09 0.74-1.61
UZULMEZ*40-50 0.088 1.09 0.73-1.63
30-40* PRODUCTION WORKER 034 140 1.03-1.91
AGE*OCCUPATION 40-50* HAULAGE WORKER 0.16 1.17  0.83-1.67
20-30* PRODUCTION WORKER 0.12 1.13  0.81-1.56
KOZLU*PRODUCTION WORKER 0.26 1.30  0.87-1.93
MINE*OCCUPATION ARMUTCUK* HAULAGE WORKER 0.20 1.22 0.79-1.89
KARADON#* PRODUCTION WORKER 0.18 1.20  0.79-1.80
30-40* ROOF COLLAPSE 031  1.36 0.99-1.87
AGE*ACCIDENT 40-50* METHANE EXPLOSION 0.15 1.16 0.82-1.64
30-40* METHANE EXPLOSION 0.11 1.12 0.80-1.56
Table 6. The results of main effects for the loglinear model
MAIN EFFECTS Effect Name b OR CI
KOZLU 032 138 1.10-1.72
ARMUTCUK 0.11 1.12 0.89-1.40
MINE KARADON 0.05 1.05 0.84-1.32
UZULMEZ -0.007  0.99 0.79-1.25
AMASRA -0.108  0.90 0.71-1.14
30-40 033 139 1.17-1.65
AGE 40-50 0.02 1.02 0.85-1.22
20-30 0.01 1.01  0.85-1.21
PRODUCTION WORKER 0.44 1.55 1.28-1.88
HAULAGE WORKER 0.08 1.08 0.88-1.33
OCCUPATION
SUPPORTER 0.004 1.00 0.82-1.24
FIRING MAN -0.16  0.85 0.69-1.06
ROOF COLLAPSE 030 1.35 1.11-1.64
METHANE EXPLOSION 0.18  1.20 0.98-1.47
ACCIDENT
TRANSPORTATION 0.11 1.12 091-1.37
GAS POISONING -022  0.80 0.65-0.99

The other accident reasons are methane explosions,
transportation, and gas poisoning.

Conclusions

Preventing fatal occupational accidents or decreasing
them is only possible by the analyses of the accident
occurred in past and by taking precautions related to the
results of these analyses. When the fatal accidents in

the mines of Turkish Hardcoal Enterprises are evaluated
by hierarchical loglinear analysis method, it is found
out that the most risky job group is the production
worker and this job group has high possibility of expo-
sure to fatal work accidents due to roof collapse and
methane explosion. The workers at the 30-40 yr age
group, especially production workers, are exposed to the
most of the accidents. It can be said that transportation
workers must be careful about the transportation equip-
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ments and the supporter must be carefully about roof
collapse. When the important interactions in the analy-
ses are evaluated, it is found out that production worker
in Kozlu and Armutcuk have high probability of expo-
sure to fatal work accidents because of methane explo-
sion. According to these results, it will be effective
to decrease the fatal work accidents by improving the
supporting systems in underground mines. In order to
reduce the methane explosions, it is required to remove
the methane from the mines by drainage systems. In
addition, respiratory protective equipment should be
used to avoid the gas poisoning. Moreover, in the
training related to work accidents, the occupational job
groups must be taken into consideration and they must
be educated for the possible risks. Because the impor-
tant interactions can be attained by using hierarchical
loglinear analysis method, important information can be
obtained to reduce the fatal occupational accidents.
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