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Abstract

An average of 80 thousand occupational accidents occurs each year in Turkey and 1500 workers
are lost their lives. In accordance to “policy of preventive approach”, many legal arrangements
have been made in Turkey. In this context, weight to issues such as risk assessment and preven-
tive OHS services is given; however, employee training, employee participation, labour inspect,
and periodic checks in working areas such as maintenance and audit have not been achieved. The
level of implementation of legal arrangements was inadequate. Research was carried out to de-
termine the significance rate of the factors that cause accidents in 5 sectors with the highest num-
ber of occupational accidents in Turkey. Questionnaires administered to experienced safety spe-
cialists were reviewed by analyzing with the fuzzy TOPSIS method. According to the results, espe-
cially in the construction and coal mining sectors and all sectors in general, employee training,
employee participation and periodic maintenance in the workplace are more important accident
prevention factors than risk assessment and preventive OH & S services. It is seen that for the
prevention of accidents, all measures should be implemented by systematic and by a multidisci-
plinary approach.
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1. Introduction

Occupational accidents cause important social and economic problems by the loss of life and physical injuries.
In every year, 2 million fatal accidents occur worldwide and 2 workers die because of occupational accident in
every minute. Many sectors such as construction, coal mining, textile etc. involve high risk due to its production
processes and labour intensive characteristic and occupational accidents bring up financial loss in large scale in
these sectors. In developing countries, these risky sectors are the most important sectors that have a great con-
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tribution to economic development with its employment capacity and an added-value to the economy. On the
other hand, due to the lack of preventive measures, occupational accidents occur frequently [1]-[3].

According to the official sources, 65 - 80 thousand occupational accidents occur in Turkey every year and as a
result of these accidents, 700 - 1700 workers die and approximately 2000 workers become permanently incapable.
Occupational accidents cause approximately $3 billion income loss in social security system. Majority of occupa-
tional accidents are not recorded and because 99% of occupational diseases are not identified, they are not consid-
ered in statistics. Estimations of Turkish Statistical Institute and Turkish Social Security Institution indicate that the
expected number of occupational accidents and diseases can be 4 times more than the recorded data [4] [5].

Table 1 shows the numbers of accidents at work and the fatalities of 5 sectors with the highest incidence rate
of occupational accidents in Turkey. Occupational accidents, fatalities and disabilities in Turkey are at the
alarming levels. Metal products sector ranks first in the number of accidents in Turkey. Also, construction in-
dustry is ranked first in the number of fatalities. 30% of the fatal accidents occur in construction sector every
year. Transportation sector at which many of the fatal accidents occur as a result of vehicle accidents, takes the
second place after construction sector. Fabric sector is one of the highest employment sectors in Turkey. Ac-
cordingly, the number of accidents in this sector is high.

Turkey has ratified the ILO Convention No. 155 and 161 and in order to ensure compliance with European
Union directives, it has made a number of legislations in occupational health and safety (OH & S). After the
“Labour Act” enacted in 2003 and the related directives came into force, the “preventive approach based on risk
assessment” is adopted and all directives revised in accordance with these principle. New legal obligations, such
as making risk assessment in workplaces, preventive OH & S services, safety representatives, committees, and
providing training to employees, were introduced. In particular, great importance is given to issues such as risk
assessment, safety specialist assignments and workplace OH & S units. All enterprises were classified according
to the hazard class and obliged to provide these preventive services via physician, technical staff and engineers
according to workplace hazard class. In addition, qualifications, duties, working hours and responsibilities of
“External OH & S Service Units” were identified and implemented.

However, despite more than 10 years have passed, the expected benefits of the regulations have not been
achieved. Occupational accidents began to rise again. Especially in high risky sectors and the overall work-re-
lated accidents showed a slight decrease trend until 2008, but after 2008 it was seen that started to rise again
(also see Table 1).

Table 1. Accidents and fatalities in the sectors that most occupational accidents occur in Turkey.

Coal Mining Metal Products Construction Transportation Textile
vears Accidents Fatal Accidents Fatal Accidents Fatal Accidents Fatal Accidents Fatal
2003 5647 54 9682 23 8198 274 3762 88 7382 21
2004 5481 38 11,584 37 8106 263 4098 109 6839 14
2005 6011 82 10,283 25 6480 290 3928 163 5869 29
2006 6722 35 11,039 31 7143 397 4478 165 5155 26
2007 6293 38 11,224 45 7615 359 4483 146 5639 20
2008 5728 30 6971 34 5574 297 1974 111 3641 9
2009 8193 3 7314 11 6877 156 2329 36 3771 12
2010 8150 92 6918 43 6437 475 2206 133 3474 16
2011 9217 58 7268 72 7749 570 2363 194 3239 22
2012 8828 20 7045 25 9230 256 2549 73 5127 18
2013 11,289 36 12,061 34 26,967 521 7597 183 10,996 20
2014 10,026 335 12,357 14 29,699 501 7287 172 12,128 17
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Significant improvements have been provided related to “risk assessment” and “preventive services” in the
last 10 year, however, labour inspection, training, employee participation, maintenance and control (supervision)
services were inadequate. Arrangements are not given enough attention to these issues. After the directives,
“preventive services” can be obtained from outside of workplace from “external” health and safety units. A
“market” emerged consisting of these enterprises; however, due to competition of these firms, quality of the ser-
vices has decreased rapidly. Although enacted “Occupational Health and Safety Act” in 2012, the arrangements
and practices of participation of employees were inadequate.

The obligations imposed by the Act are not sufficiently inspected. Therefore, work-related accidents have
been increased in last 3 years. Defective policies were also caused great accidents which resulted deaths of hun-
dreds of workers in coal mining and the construction industries. The purpose of the article; to identify the sig-
nificance of the risk factors that cause accidents at work in Turkey, both in general and also the most work-re-
lated accidents sectors with fuzzy TOPSIS method. Based on the obtained results, the study aims to make a
critical evaluation of occupational health and safety policy in Turkey, and to offer suggestions.

2. Material and Method

The data used in this article was obtained from the results of a survey applied to 6 safety consultants experienced
in 5 industries. Participants are requested to evaluate the causes of accidents in the 5 sectors with the highest
number of accidents in Turkey according to the Social Security Institute’s statistics. The data were analysed with
Fuzzy TOPSIS method and interpreted.

Decision-making is a process for finding the best option out of suitable alternatives. Multi-criteria deci-
sion-making (MCDM) is used in the ranking of the alternatives in terms of multiple criteria and has a very wide
range of applications [6] [7]. The methods developed for solving MCDM problems, are often used in cases
where a large number of decision-making process and with conflicting criteria [8] [9]. TOPSIS (Technique for
Order Preference by Similarity to Ideal Solutions) is one of the MCDM methods which don’t takes relations
between criteria into account but the benefits or costs of the features will impose to the results to be obtained of
the criteria discussed. Method analyses the results in terms of proximity to positive ideal solution and negative
ideal solution results. These two alternatives for the proximity measure obtained by using the proximity index, is
obtained an accurate ranking results from large to small, the best alternative is designated with this ranking [7]
[10] [11].

MCDM methods, is a method used in research related to health and safety in the workplace. For example; to
examine the safety of workers in hot and humid environment conditions [12], to measure the safety factor and
performance in road construction [13], in determining the increase in chemical tanker safety requirements [14],
in determination of faulty behavioural risks in behavioural based safety management in the workplace [15], in
determining the risk of occupational safety in the manufacturing industry [16], in working in dusty environments
for determining the risk of workplace safety [17], the excavation of construction safety risks and the determina-
tion of losses arising from occupational accidents [18], the evaluation of health and safety risks of working in
hazardous waste recycling services [19] various MCDM methods are used. This method is widely used for oc-
cupational safety, occupational health, issues related to the efficiency and performance measurement [20]-[23].

In this study, the responses are analysed obtained from safety specialists who has practical experience over
than 30 years in 5 industries. They were requested to identify deficiencies, important factors of preventing
work-related accidents and determine their significance rates in 5 sectors based on the individual experiences.
The resulting data were analysed by using the Chen et al. (2006) proposed fuzzy TOPSIS model algorithm.

The Fuzzy TOPSIS model’s which developed by Chen et al. (2006), algorithm will be explained in this part
of the study. In the implementation of this model, decision-makers consisting of experts in the field assess crite-
ria and available alternatives according to these criteria, primarily. The assessments made by linguistic variables
are converted to trapezoidal fuzzy numbers by using the values in Table 2 and Table 3.

Decision-makers have made the decision criteria relating to weight the importance of some of the alternatives

and the evaluation criteria, respectively: i=1,2--,m and j=12,---,n, including X; =(aijk,bijk,cijk,dijk)

and W = (ijllekZYijB’WjM) as the accepted decision makers of fuzzy criterion values obtained with the

alternative assessment of the criteria X; = (aij by, Gy dij) and decision criteria importance value

Wy = (W3, W, W3, w;, ) will be displayed. These values in this step,
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Table 2. Linguistic variable for decision criteria and Trapezoidal fuzzy numbers.

Linguistic variable

Trapezoidal fuzzy numbers

Very high (VH)
High (H)
Fairly high (FH)
Medium (M)
Fairly low (FL)
Low (L)

Very low(VL)

(0.8,0.9,0.9, 1.0)
(0.7,0.8,0.8, 0.9)
(05,0.6,0.7, 0.8)
(0.4,05, 0.5, 0.6)
(0.2,0.3,0.4,0.5)
(0.1,0.2,0.2,0.3)
(0.0,0.1,0.1,0.2)

Table 3. Linguistic variable for decision criteria and Trapezoidal fuzzy numbers.

Linguistic variable

Trapezoidal fuzzy numbers

Very high (VH)
High (H)
Fairly high (FH)
Medium (M)
Fairly low (FL)
Low (L)

Very low(VL)

(8,9,9,10)
(7,8,8,9)
(5,6,7,8)
(4,5,5,6)
(2,3,4,5)
1,2,2,3)

0,1,1,2)

are calculated using equations above.
Decision problem, in the form of the matrix is shown as follows,

a; = mkin{aijk}
1 K

bij _Eébijk
1 K
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W=[W, W, W, W,]. (4)
; Is trapezoidal fuzzy numbers, D fuzzy decision matrix, W shows the vector of fuzzy

weights. Fuzzy decision matrix, in case of utility maximization (5), or in the case of cost minimization are nor-
malized using the equation number (6). Normalized fuzzy decision matrix are shown as R = [ﬁj ]m E B defined

Here %, and W,

as the utility criteria and C is the cost criteria for the values of ; in equations (5) and (6) calculated as,

_ a; by c; dj * :
r”: *1 x 1 x 1 % | dJ:ma‘Xdlj’JEB (5)
d; d; d; d, i
P2l A A o mina,jec (6)
ij — dIJ ’ CIJ ’ bIJ ’ al] [l i ij J .

The weighted normalized fuzzy decision matrix (\7) calculation is required because of each decision criteria
may have different importance weights. Fuzzy decision matrix are expressed as

v =[viJm i=12,--,m; j=12,--,n. And calculated as,

\7ij = l’ij ><V~vj . )

After calculating the weighted normalized fuzzy decision matrix, fuzzy positive ideal solution (A) and
fuzzy negative ideal solution (A’) is determined as follows,

A = (9,99, (8)

A =(7,0,,9,). ©)

Here i=12-,m and j=12--n including, 7 =max{v;,} and ¥, =min{v;,}. The distance of each

alternative in the problem to (A) and (A’) can be calculated as follows, respectively.

df:idv(vij,v}),i=1,2,---,m (10)
j=1
d;:idv(vij,v;), i=12,,m (11)
j=
where i=12---,m and j=12,.-,n, including d,(,.), m=(m,m,,m;,m,) and n=(n,n, n;n,)
shows the distance between two trapezoidal fuzzy numbers and is calculated by the following equation.
. 1
d, (M, A) = \/Z[(ml —n)* +(my =0, )° +(my —ng)* +(m, - n4)1 . (12)

Relative closeness is calculated to determine the ranking of the alternatives after the calculation of the dis-
tance. Relative closeness,

CC':%,iZl,Z,---,m (13)

is calculated by the equation above. According to relative closeness, the alternatives are ranked from highest
value to lowest value [9] [24] [25].

3. Results

The data obtained from questionnaires filled in by the experts were analysed by fuzzy TOPSIS model. According
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to results of the analysis impact of accident criteria’s that cause accidents at work in 5 sectors is determined gen-
erally. Weighted value of importance of the criteria was found as shown in Table 4. The results are also provided
in Figure 1.

Table 4 and Figure 1, shows that “Inadequacy of Education” and “Inadequacy of Employee Participation”
criteria have the highest impact on occupational accidents with values closed to each other. “Inadequacy of
Supervision”, “Inadequacy of OH & S Preventive Services”, “Inadequacy of Maintenance” criteria have the
highest values after those two highest criteria. The third part criteria which have relatively lower weights are
obtained as; “Inadequacy of Risk Assessment”.

Following the estimation of weights, the importance of alternatives was determined according to the cri-
teria. The inadequacy determined is presented in Table 5.

As examined in Table 5, the most important criteria for causing occupational accidents in the construction
industry is seen “Inadequacy of Supervision” criterion that engineers, technical staff or field control per-
sonnel to be done. The important causes of the accidents for the construction industry are, “Inadequacy of
Maintenance” and “Inadequacy of Employee Participation” criteria, respectively.

Impact Ratings

0.6000

0.5000 -

0.4000 -

0.3000 -

0.2000 -

0.1000 -

0.0000 - T T T T T T

Education Maintenance Preventive Risk Supervision  Employee Labour

OH&S Assessment Participation Inspection
Services

Figure 1. Distribution of impact ratings of occupational accidents factors in Turkey.

Table 4. Impact ratings of occupational accidents factors in Turkey.

Occupational accidents factors Impact ratings
Inadequacy of education 0.5612
Inadequacy of maintenance 0.4897
Inadequacy of preventive OH & S services 0.5059
Inadequacy of risk assessment 0.3637
Inadequacy of supervision 0.5175
Inadequacy of employee participation 0.5525
Inadequacy of labour inspection 0.4414

Table 5. Occupational accident factors impact ratings by sector in Turkey.

It ay Inadequacy Inadequac

Inadequacy  Inadequacy of Inadequacy Inadequacy 0? Y 0? Y
of. ) of preventive of risk of_ ; employee labour
education maintenance @ OH &S assessments  supervision RPN . .

- participation inspection

services

Construction 0.5173 0.5504 0.4682 0.4662 0.5686 0.5326 0.4406
Coal mining 0.5310 0.5024 0.4356 0.2171 0.4586 0.5326 0.4136
Metal products 0.5850 0.4188 0.5479 0.4038 0.5015 0.5511 0.4433
Textile 0.6044 0.5366 0.5060 0.4314 0.5322 0.5725 0.4647
Transportation/Logistics 0.5703 0.4397 0.5776 0.2776 0.5248 0.5750 0.4460
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Construction sector is the most fatal occupational accidents occur in Turkey. Construction is high risky
sector which has labour-intensive features, conducted in outdoors and different climatic conditions, requir-
ing the use of a large number of equipment and materials. Poor maintenance and improper use of equipments,
improper and careless work operations cause serious accidents at construction sites. Therefore; maintenance
and periodic controls of equipment, site audits and safety trainings plays a decisive role in construction ac-
cidents.

“Inadequacy of Employee Participation” criterion is the forefront criterion for Coal Mining Industry. Then
the “Inadequacy of Education” and “Inadequacy of Maintenance” comes. Coal mines is operated in rural ar-
eas, workers with low levels of education and wages and in poor conditions in Turkey. Some coal mines are
old and incapable of technologically. Coal enterprises, increase the production and increase the workload
accordingly to resolve the growing energy demand. Some of the coal mine operators has no experience of
mining and has not sufficient information on issues related to safety, experience and sensitivity. After the
privatization of coal mines in Turkey, private sector enterprises did not also take the necessary measures af-
ter privatization. There is no adequate labour inspection in mines. Therefore, the coal mining industry has
become the sector the most occupational accidents occurring in Turkey. Thus, especially Soma and Ermenek,
as a result of major accidents occurring in 2014, 354 workers lost their lives [26]-[30].

In the metal products industry, “Inadequacy of Education”, “Inadequacy of Employee Participation” and
“Inadequacy of Preventive OH & S Services” criteria were considered important. “Inadequacy of Preventive
OH & S Services”, “Inadequacy of Employee Participation” and “Inadequacy of Education” criterias pro-
portions are calculated very close together in Transportation/Logistics industry. “Inadequacy of Education”,
“Inadequacy of Employee Participation” criteria came to the forefront in textile industry. “Inadequacy of
Education” is proportionally higher degree of importance in textile industry. Textile industry is labour-in-
tensive, creating high levels of employment, however, using the unskilled labour force. Textile sector has
low level of fatalities, but the injury rate is more than the other sectors. In this case, the sector causes much
more workday losses and costs. Metal Products, Textile and Transport sectors, has better conditions in terms
of safety relative to construction and the coal mining. These sectors are composed of more favourable enter-
prises to improvements with effective inspection and low cost investments.

In Transportation/Logistics industry “Inadequacy of Employee Participation”, “Inadequacy of Preventive
OH & S Services” and “Inadequacy of Education” criteria were calculated close. Without exception, the
lowest impact criteria in all sectors “Inadequacy of Risk Assessments” are seen as the criteria.

Before the new regulations brought in preventive OH & S services, many large enterprises had been or-
ganized “preventive services” within the workplace itself. After providing the opportunity to external ser-
vices, in order to reduce costs, many enterprises have begun to supply these services from the outside of
workplaces. Time and the quality of the services has dropped. 98% of workplaces in Turkey are small and
medium-sized enterprise. 70% of work-related accidents occur each year in these enterprises. Insufficient
external services weaken the workplace control processes particularly in medium-sized and hazardous in-
dustrial and construction enterprises. This situation leads to increase in work-related accidents.

Regulations cannot be applied to practice in Turkey. Despite the legislative work in safety in recent years,
applications and needs with those written on formally is quite different. Today OH & S policy is based on
the preventive principles and risk assessment. In this context, to provide preventive OHS services in the
workplace is one of the most important applications in this regard. However, to prevent occupational acci-
dents and improve the safety of the conditions can be possible with the determination and implementation of
an OH & S policy which covers all the necessary criteria. Occupational safety requires a multi-criteria, in-
terdisciplinary and systematic approach. Importance should be given to all preventive measures and all legal
arrangements should be inspected. While the policies and measures are identified, industrial conditions and
their influence levels of risk in the workplace must be taken into consideration. Applications focusing on
specific issues on overall quality are not sufficient to prevent occupational accidents.

4. Conclusions

Considering the statistics in Turkey, safety and health practices cannot achieve the expected benefits. Except for
legislation, assignment of safety specialists and risk analysis, and other preventive activities were insufficient.
Prevention of occupational accidents are impossible if establishments do not take necessary precautions such as
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allocating necessary financial funds for the measures, establishing a permanent monitoring system to audit for
all works, creating a work discipline, appointing enough technical staff and engineers, doing enough labour in-
spect, and keeping records of accidents in the workplace.

In Turkey, occupational health and safety is approached with a general overview. Uniform regulations cover-
ing all sectors are made. Production conditions and tools in different sectors, status of employees, regional dif-
ferences, the risks in different sectors, impact levels and results are not considered to be affected. These defi-
ciencies also reduce the effectiveness of regulations and labour inspection. According to statistics, it is under-
stood that separate perspective, policy and planning are needed for risky sectors such as coal mining, construc-
tion and metal product.

Risk analysis should be carried out in mines and construction sites, the enterprises in very poor condition
must be stopped. Particularly in mining and construction sector, enterprises should not be licensed until fully
provided all necessary safety conditions.

Preventive health and safety services are insufficient in terms of time and quality. It reduces the effectiveness
of the control mechanism and increases the risk of accidents. In addition, many “External OH & S Units” are
insufficient about staff, technical facilities and expertise. The service prices of the external OH & S units are de-
termined by the competition in the market. In this case, external OH & S units have no other task than to prepare
necessary documents such as risk assessment report, emergency action plans, safety expert contracts and safety
training for a fee and sending those to workplaces.

Due to insufficiency of labour inspector and inspection times, hundred thousands of enterprises cannot be in-
spected at all. In this case the obligations and penalties are not applied, occupational accidents cannot be pre-
vented.

Risk assessment becomes legally obliged to all workplaces in Turkey. However, there is no uniformity in
practice. Which risk assessment method will be used according to various parameters such as sector, type of en-
terprise, number of employees, raw materials and equipment used, and at what intervals it will be done are not
clearly defined. The knowledge and experience of employers, safety specialists and physicians in this field are
insufficient. In addition, regulations on this subject have been prepared poorly and is not guiding.

Occupational health and safety trainings done in the workplaces in the corporate firm emphasis on safety cul-
ture but most of the medium and small businesses are insufficient on this subject. Education is seen as a legal
obligation or does not given in many workplaces. Starting with the external OH & S units offering these services,
especially in SME’s educations has turned out to be “participation certificates of education” prepared and ar-
chived.

Regulations have been made on “employee participation” which is a significant deficiency in Turkey in recent
years. According to the Occupational Health and Safety Act, “OH & S Representatives” have an important func-
tion in Turkey. Representatives have rights to inform the hazards associated with occupational safety to em-
ployer and government, and to demand preventive actions. But employers and managers are not giving enough
importance to this issue. This topic is not inspected enough by labour inspectors.

According to the results obtained in our research, especially in construction industry, “Inadequacy of Mainte-
nance” is also has a significant importance. In September, the elevator accident occurred in construction site
which resulted in the death of 10 people is demonstrated that the importance of “maintenance services”. Em-
ployers, site supervisors and engineers are not care enough on this issue. There are many regulations and hesita-
tions about what will be implemented. The qualification of periodic inspection firms and duration of the periodic
inspection of equipments is not clear. In many construction sites, periodic inspection and maintenance is ne-
glected. In some cases it is still used even though it is known that the equipment is defective.

According to our research results, preventive actions that weight for both general and sectoral differ from
each other. In Turkey, significant efforts have been made regarding the preventive OHS services and risk as-
sessments in recent years. However, other necessary measures are not applied adequately such as labour inspec-
tion, maintenance, education, employee participation and workplace supervision. Occupational health and safety
is a system of both enterprises and national level. If any stage of this system remains inadequate, it decreases the
level of prevention of other measures.
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