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Abstract

Background: In order to protect human resources, health and safety management systems such as OHSAS 18001, which is
based on prevention, are necessary in projects. Therefore, the present study analyzes the incidents and evaluates the monitoring
safety performance indicators based on work experience before and after the implementation of OHSAS 1800. Methods: This
descriptive analytical study was performed on all incident victims during 2004 to 2011 at Yazd Combined Cycle Power Plant
by census method. Data were extracted from the incident report checklists as well as technical protection committee documents
of the plant. The AFR, ASR, FSI, FR, and IR indices were calculated based on OSHA standard before and after the
implementation of OHSAS 18001. Descriptive statistics, Kolmogorov-Smirnov and Chi-square were used for data analysis.
Meanwhile, the significance level was considered equal to 0.05.Results: 287 work-related incidents occurred during an 8-year
period (2004-2011). The 44.9% of incidences (n=129) were reported in the age group under 30 years and the lowest incidence
rate was observed in the age group over 50. 97% of the incidents were reported in men while 2.8% of the incidents were
reported in women. According to the results, there was a significant relationship between age and work experience as well as age
and marital status. There was also a significant decrease in the indices in the years after the implementation of OHSAS 18001.
Conclusion: The results showed that the implementation of safety systems and deployment of OHSAS 18001 has reduced the
incident indices based on work experience. Therefore, health and safety management systems are suitable tools for reducing
incident rates and incident indices are also appropriate for monitoring the safety performance.
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Introduction
lthough human scientific development in
recent decades has brought industrial
progress, different facilities and relative

A

prosperity, it also caused occupational incidents. So
occupational accidents are one of the most important
problems of the developed and developing countries.1
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Safety system performance
According to the ILO, there are 120 million injuries
annually in the world2 and about one third of the
deaths from work are caused by occupational
accidents. Occupational accidents are also considered
as one of the important factors in the loss of labor and
working hours.3 Incidents cause many direct and
indirect economic losses for employees, employers and
the community. Direct losses can be due to work
interruptions, medical expenses and indemnity for
temporary or permanent disability, and death. Also,
incidents can cause irreparable damage to the family
and community. According to the International Labor
Organization, the incidents are the most massive and
most difficult humanitarian compensation.4 In a study
conducted by Khodabandeh et al. in 2011 on
epidemiology of work-related accidents in Kerman
coal mines, the results showed 51 accidents resulted in
death. Frequency rate, intensity rate and frequencyintensity index of incidents in this study were
respectively 31.3, 4739.8 and 9.3.5 Miller et al
investigated occupational accidents and their
economic costs in quantitative models. They
concluded that preventive actions were one of the
effective factors in reducing costs and increasing
productivity.6,7
In a case study by Hamidi et al. aiming at the
investigation of the effect of integrated management
system (IMS) on safety and productivity indices in
2005-2010, a significant relationship between the
various safety indicators before and after the
implementation of IMS was found.8
Safety plans are one of the factors influencing
labor productivity. Management systems are
proposed as a way to create more coherence and
coordination between different service and
production systems. One of these systems is
Occupational Health and Safety Management
Systems (OHSAS 18001). The Occupational
Health and Safety Assessment Series (OHSAS
18001) defines the requirements for an
Occupational Health and Safety Management
P

P
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System (OH & S). Therefore an organization can
improve its performance by controlling health and
safety risks. In OHSAS 18000 standard, employee’s
protection against work-related accidents is very
important. In fact, OHSAS 18000 can reduce
accidents and its related costs and damages.9,10 On
the other hand, personnel working in production,
transmission and distribution of electric power face
range of occupational health hazards such as work
in height, electromagnetic fields, work in heat and
cold, shift work, etc.11 Considering the incidence of
occupational accidents in the country as well as the
strategic position of the combined cycle power
plants, investigation of accidents in these industries
is very important. Yazd combined cycle power plant
is one of the country's most important industry in
electricity generation which is designed to meet the
growing demand of Yazd province for electrical
energy due to large industries such as alloy steel
industry. According to available revised sources,
limited studies have been carried out on the incidents
of combined cycle power plants, or at least the
reports have not been found in available resources.
Considering the above reasons, this study decided to
analyze the process of incidents and evaluate the
safety performance monitoring indicators based on
work experience before and after the implementation
of OHSAS 1800 in an 8-year period.
Methods
The population of this descriptive-analytical study
was all the people involved in the incidents in 2004
to 2011 at Yazd Combined Cycle Power Plant. The
present study investigated and compared safety
performance monitoring indicators before and after
the implementation of OHSAS 18001 based on
work experience and it also examined incidence rate
according to marital status and work experience by
census method.
Following the necessary coordination, a team
composed of senior executives, experts in
implementation of OHSAS 18001 and professional
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health experts were formed to conduct the study.
Then, necessary information for incident analysis
was extracted from the checklist of accident reports
as well as the technical protection committee
documents from 2004 to 2011. It should also be
noted that the IMS was implemented at the plant
in 2005.
The study's limitations included the absence of a
number of incident victims for interview, the lack of
accurate record of accident report checklist, the lack
of cooperation of a number of personnel due to
fatigue and, consequently, the lack of precision in
answering interview questions about the incident.
Moreover, an interview was conducted with the
incident victims or witnesses of the incidents while
necessary explanations were provided to them. In
this study, incidents that at least resulted in the loss
of a working day or a shift in work were considered
as work-related accidents.
Accidents were classified according to their type
and cause into three categories of unsafe acts, unsafe
conditions and not using personal protective
equipment (PPE) based on available documentation.
The AFR, ASR, FSI, FR and IR indices were
calculated based on OSHA standard12 and by using
the related formulas (Formulas 1 to 5) and the data
were obtained from the initial analysis. Then, the
analysis of the process of incidents in the years before
and after the implementation of OHSAS 18001 in
different circumstances in terms of work experience
was studied .
(1)AFR
=

Number of incidents × 200000
Total efficient working hours of the workers in that specified time

(2)ASR

=

Number of lost days × 200000
Total efficient working hours of the workers in that specified time

AFR × ASR
(3)FSI = �
1000

(4)IR =

Number of incidents in a year
Number of employees in the same year
× 1000

(5)FR =

Number of incidents × 100000
Working hours

For trend analysis in different circumstances,
frequency rate and incident rate were calculated.
Collected data were entered into SPSS software and
were analyzed by descriptive statistical tests,
Kolmogorov-Smirnov and Chi-square. Accordingly,
scientific solutions were presented for reducing
incidents and making appropriate decisions. In this
study, the significance level was considered equal to
0.05.
Results
According to the results 287 cases of workrelated accidents were recorded among 1189
employees working at Yazd combined cycle power
plant in an 8-year period (2004-2011). Moreover,
all victims of incidents were over 20 years of age.
The highest incidence rate (44.9%, n=129) was in
personnel under 30 years old, and the lowest
incidence rate was in personnel over 50 years old.
Meanwhile, results by year showed that in 20042008, the highest incident rate occurred in the
group under 30 years old, and in 2009-2011 the
highest incidence rate was related to the age group
of 30-39 years old. 97.2% of incidents occurred in
men while 2.8% of incidents were in women.
According to Tables 1 and 2, the highest number
of incidents occurred in the age group less than 29
years old.
Table 1. Frequency distribution and percentage of
incident victims based on age and marital status
Age
20-29
30-39
40-49
>50
Total
p-value= 0.0

Marital status (%)
Single
Married
(61.53)80
(38.46)50
(8.47)10
(91.52)108
(0)0
(100)26
(0)0
(100)13
(31.35)90
(68.64)197

Total
130
118
26
13
287
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Table 2. Frequency distribution of incident victims
based on age and work experience
Age
20-29
30-39
40-49
>50
Total
p-value= 0.0

Work history (year) N(%)
5>
5-15
15<
(86.15)112
(12.30)16
(1.53)2
(38.13)45
(58.47)69
(3.38)4
(7.69)2
(26.92)7
(65.38)17
0
0
(100)13
(55.40)159
(32.05)92
(12.54)36

Total
130
118
26
13
287

Furthermore, the incident rate was reduced by
gaining more work experience. So the most accidents
occurred in the group with the work experience less
than 5 years and the lowest incidents occurred in the
group with the work experience over 15 years. It
should be noted that this trend is proper for all years
except 2011 in which the most incidents occurred in
the group with the work experience of 5 to 15 years.
The results showed that there was a significant
140
120
100
80
60
40
20
0

relationship between age and work experience as well
as age and marital status (p-value = 0.00). According
to chi-square test, there was a significant relationship
between marital status, literacy level and work
experience in different years (P <0.05), however,
there was no significant relationship between
different work units, cause of accident and use of
personal protective equipment in different years (P>
0.05).
The total number of incidents was 287 cases and
the mean and standard deviation of the lost working
days was 11.09 ( 3.8). The least number of incidents
was in 2011 (20 cases) and the most number was in
2009 (49 cases). The results showed that the relative
frequency of the incidents before the implementation
of OHSAS 18001 was about 33% and in the years
after that was about 22%.

125

64

53
28

17

Figure 1. Frequency distribution of injured organs in incident victims at Yazd combined cycle power plant

Cause of accident
10%
Unsafe acts

16%

Unsafe conditions
74%

Non-use of PPE

Figure 2. Relative frequency distribution of the main causes of incidents at Yazd combined cycle power plant
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Table 3. Average of indices based on work experience in years before and after implementation of OHSAS 18001
Year

Before IMS

2004

2005

2006

2007

After IMS

2008

2009

2010

2011

Indices
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR
AFR
ASR
FSI
IR
FR

According to Figure 2, the main causes of
incidents in this 8-year period were respectively
unsafe act (74%), unsafe condition (16%), and
not using personal protective equipment (10%).
Meanwhile, there was no significant relationship
between the cause of incidents and work experience
of the accident victims (P-value> 0/005).
According to Table 3, the indices values in 2004
(before the implementation of OHSAS 18001) were
significantly lower than the years after the
implementation.

Under 5 years
29.41
86.27
1.59
294.10
14.70
29.41
88.23
1.61
294.10
14.70
44.00
114.66
2.24
440.00
22.00
38.88
98.61
1.95
388.80
19.44
32.72
394.55
3.59
327.20
16.36
29.29
101.01
1.72
292.90
14.64
20.20
38.38
0.88
202.00
10.10
1.02
7.14
0.08
10.20
0.51

Work experience
5-15 years
Over 15 years
32.50
71.42
87.50
185.71
1068
3.64
325.00
714.20
16.25
35.71
15.90
142.85
38.63
500.00
0.78
8.45
159.00
1428.50
7.95
71.42
9.23
60.00
24.61
200.00
0.47
3.46
92.30
600.00
4.61
30.00
14.51
30.00
37.09
70.00
0.74
1.44
145.10
300.00
7.25
15.00
14.50
25.00
22.91
50.00
0.57
1.11
145.00
250.00
7.29
12.50
15.30
38.46
29.59
46.15
0.67
1.33
153.00
384.60
7.65
19.23
17.34
33.33
593.59
50.00
1.01
1.29
173.40
333.30
8.67
16.66
18.55
10.00
51.54
30.00
0.97
0.54
185.50
100.00
9.27
5.00

Discussion
The results of the study showed that there was a
significant relationship between age and work
experience and when the age and work experience
increase, the incident rate decreases, which is
consistent with the results of Mohammadfam13 and
Halvani.14 Having insufficient training courses, having
a lot of curiosity, rushing to carry out the activities
and not having the proper skill to use the devices and
equipment can be the main causes of accidents.
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There was no incident in employees under 20 years
of age in the present study which was due to a barrier
to adolescents’ employment in this critical industry
and this result was consistent with Mohammadfam's
results.13 Most of the accidents victims in the current
study were married, which was consistent with the
results of Khosravi15 and Faqih.16 Psychological stress
in workplace and family can increase the rate of
unsafe acts in married individuals. Improving
organizational communication, individual and group
counseling, improving the environment, using safety
and ergonomics methods, as well as using relaxation
techniques such as different exercises can reduce stress.
The reduction of incident indices in this study was
consistent with Hamidi's8 findings.
The results of this study showed that the safety
status according to the trend of indicators and based
on work experience in the years after the
implementation of OHSAS 18001 (2005-2011) has
improved compared with the year before
implementation of this system (2004).There will be a
dramatic reduction in accident indices if the safety is
improved and an orderly management system is
implemented.
Zeng et al. (2008) in a study to assess the
implementation of occupational health and safety
management systems concluded that standards
should be aligned to the quality management
standard.17 Coleman has also considered a safety and
health program necessary to assess the safety of
miners and the reduction of the lost working days.
18
Indicators in this study had a downward trend that
was consistent with the result of Jamali. Jamali19 that
studied the incident rate and the frequency rate in a
4-year period (1382-1379). The frequency rate had a
downward trend, while the incident rate grew in
1382, which can be due to traditional attitude
toward safety, lack of training as well as lack of
continuous monitoring of the implementation of the
safety instructions. There was a significant
relationship between the implementation of safety
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plans and incident indices in the study of Omidvari
et al.20 According to Goldenhar’s study in 2001,
integrated management systems would have an
impact in long time (typically 2 to 3 years).21 To
establish integrated management systems, training
and annual audits are necessary to reduce accidents.
Therefore, the reduction of these indicators can be
attributed to these management systems.
P

P

P

P

Conclusion
According to the results, development of safety
plans and implementation of OHSAS 18001 has
reduced the incident indices based on work
experience. Therefore, health and safety
management systems are appropriate tools for
reducing accident rate and accident indices is also
a suitable way for monitoring safety performance
as well as health and safety management systems.
Also, the main causes of incidents in this 8-year
period were unsafe acts, unsafe conditions and not
using personal protective equipment.
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