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ABSTRACT

Background: Observation of safety and health condition at hospitals helps controlling and decreasing the
hazards. Due to the wide range of incidents and the notable financial load, safety management is highly important
for hospitals. Through systematic assessment of potential hazard, we can take effective measures to protect
workforces’ heath and assets.

Aim: To compare ETBA, HEMP, HOSHRA, and AHP for assessing hazards at Iran-based hospitals using the
FMEA method in 2019.

Methods: The study was carried out as a descriptive and cross-sectional study in 2019 at 12 wards of Imam
Hospital, Ardabil-lran. Data gathering was done by the experts and using the checklists of ETBA, HEMP,
HOSHRA, FMEA, and AHP and the results were compared.

Results: The comparison of the methods was done using FMEA and the results showed that the hazard risks
identified by ETBA were different from FMEA and those identified by HEMP were similar to FMEA. In addition, the
result of the FMEA method was identical to HOSHRA in terms of chemical, biological, and ergonomic hazards and
identical to the AHP method in terms of biological, needle stick, and chemical agents.

Conclusion: As the results showed, FMEA revealed the highest number of risks. Along with FMEA method, ETBA

can be also used in hospitals for risk assessment and to have a comprehensive view of the risks.
Keywords: Hospital, occupational safety, health, risk assessment

INTRODUCTION

Accidents are unwanted events that create damages to
assets and the organization in general. An accident
highlights a defect in the system and after an accident the
defect and ways to create the optimum situation should be
assessed!. Every organization needs an updated and
proper system that is a balanced mixture of management,
engineering, and educational methods to control hazards
and accidents?. The main problem in the way of safety and
health managers is to identify and eliminate the hazards
that cause damage to individuals and equipment. If the
hazards cannot be eliminated completely, the experts need
to introduce recommendations to control and decrease the
risk of hazards as much as possible®. Lack of physical
activity in patients and their dependence on stationary
equipment highlights the importance of safety at hospitals.
Observance of safety at hospitals helps controlling and
attenuating hazards to some extent. Given the extensive
accidents and the financial load, safety management at
hospitals is highly imperative®. In general, risk assessment
consists of three steps, including hazard identification, risk
calculation, and control measures®. Implementation of
safety system based on management, monitoring and risk
assessment principle is important®’. In addition to
unwanted consequence, work accidents in health sectors
cause extensive economic damages and casualties®.
According to the World Labor Organization (WLO),
observation of safety standards by the government,
managed, and employees can prevent the damages of
work accident®. The damages sustained by employees and
equipment by accident are predictable using hazard
assessment methods and control measures?®®. Alleviation of
risks depends on our perception of the nature of risk and
the level of acceptable risk '*. Hazard assessment is a part

of the hazard assessment process. Results of hazard
assessment help us in prioritizing, finding control solution,
and convince managers to dedicate budget to preventive
measures!?14, Through systematic assessment of potential
risks, we can protect workforce’ health and the assets by
taking effective measures®®. There are different scientific
hazard assessment methods available like PHA (primary
hazard assessment),FMEA (Failure Mode and Effects
Analysis), FTA (failure tree analysis), HAZOP (hazard and
operation assessment),ETBA (Energy Trace Barrier
Analysis), HEMP (hazards and effects management
process), HOSHRA (Hospital Occupational Safety and
Health Risk Assessment), and AHP (Analytic hierarchy
process)!®l’. The FMEA method has been one of the
widely used risk assessment methods in all industries and
hospitals since 2000. The method identifies and eliminates
errors, problems, and potential mistakes using engineering
methods and analyzes the results semi-quantitatiively so
that the potential risk, causes, and effects are identified and
ranked!®1°, Currently, FMEA method is commonly used for
risk assessment at hospitals. The ETBA method is one of
the most straightforward methods that is an advanced
version of energy model for risk assessment. This method
was designed for fundamental assessment of the causes of
incidents and risk assessment. Accident is represented as
an unwanted current of energy that is rooted in a failure in
the design or operational obstacles?°. The ETBA method
gives a deep perception of resources, nature, and type of
unwanted currents of energy that may lead to accidental
damages. The method was extracted from management
oversight and risk tree (MORT) method by Hadon in
1973?'. The HEMP method is a framework for HSE risk
management. Salter explained how to use the process?.
The HEMP process is implemented in four stages to control
risk in an acceptable level. The tools used in this method
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are valuable parts of a safety program in research and
development process?®%. Another notable method is
HOSHRA, which was introduced by Jahangiri et al. (2015)
to assess safety and occupational health risk at hospitals
26, The final method used in this study is AHP method,
which is a multi-indices decision making model introduced
by Saaty in 1988. This method combines opinions and
assessments by experts and coverts a complicated
decision-making system into a simple hierarchical system.
Afterwards, the assessment method based on a scale is
used to assess the relative importance of pair wise
comparison among the measures?”-%0,

There have been several studies on hazard
assessments using, ETBA, HEMP, HOSHRA, and AHP,
while there is a paucity of studies on comparing the results
of these methods using the FMEA method in hospitals.
Therefore, the present study is an attempt to compare
ETBA, HEMP, HOSHRA, and AHP uses FMEA in terms of
hazard assessment on Iran-based hospitals in 2019.

MATERIALS AND METHODS

A descriptive cross-sectional study was conducted in 2019
in 12 wards of Imam Hospital, Ardabil-Iran. The study is an
attempt to compare risk assessment results by ETBA,
HEMP, HOSHRA, and AHP uses FMEA. The required
information was collected by attending the wards,
observing, interviewing the personnel, and filling out the
worksheets of the assessment method. An assessment
was done by five occupational hygiene experts. The
experts were identical in terms of the experience and each
expert independently worked with one of the assessment
methods. The steps of risk assessment using FMEA,
HOSHRA, ETBA, HELP, and AHP are discussed in the
following sections.

FMEA: At first, a specific ward and the work description of
the personnel were determined. Then, the potential hazard
modes, causes of errors, and available controls were
determined and assessed. As the third step, severity of the
error, probability of occurrence, and probability of detection
were determined using a five-point scale. These three
parameters were multiplied to obtain the risk priority
number (RPN) and then control measures for each hazard
was proposed 18 19,

ETBA: At first, different types of potential risks and all the
available hazardous energies (mechanical, pressure,
chemical, electrical, radiation, heat, biological, and the like)
were identified. Then, the probable risks of these energies
were described. Afterwards, the potential subjects exposed
to the risk and available protections on the path of the
energy were determined. Finally, the risk level of each
hazard was determined and control measures were
recommended 2% 21,

HEMP: At first, activities, hazards, and outcomes of each
ward were determined based on resources like physical
inspections, interviewing the personnel, and examining
instructions and standards checklists. Afterwards, the
probability and severity of each hazard and the risk level
were determined. Finally, the measures for recovery were
determined. The recovery measures are those activities
that must be done after an incident to minimize the
potential effects 22 25,

HOSHRA: This method was implemented based on a
qguestion checklist in chemical, biological, ergonomic,
mental, electrical shock, fire, explosion, slipping risk, falling,
and exposure to radiation fields. Each question was first
given a score and to compute the final score, each
guestion was answered as ‘safe’ and ‘unsafe.” Possible
scores for each question were 0 (negligence of safety
codes), 1 (incomplete safety), and 2 (complete safety). The
final score for each field was calculated and prioritized?®.
AHP: The safety and occupational hygiene officials and
supervisors of different wards were interviewed to collect
information about the probable hazards. The hazards were
compared using pair wise comparison. The officials were
asked to compare the risk of each hazard with other
hazards and rank them in terms of importance. The
hazards were compared as completely more important (9),
very more important (7), more important (5), slightly more
important (3), and identical (1). Prioritizing the risk of
hazards were done using hierarchical analysis in Expert
Choice 1127:30,

RESULTS

Using the FMEA method, 84 activities were determined in
different hospital wards and each activity was assessed
based on 10types of risk models. Hazards with the highest
risk priority score were musculoskeletal disorder hazard in
repair and maintenance, needle stick hazard in medical
activity, biological factors risk in hospitalization wards,
exposure to chemical materials in the clinical lab, and
therapeutic and care errors in medical and nursing
activities (Table 1).

Based on ETBA, seven energies and 34 hazards
were identified and their risk factors were determined. The
hazards with the highest risk level where mechanical
energy that may injure personnel at laundry and operation
room; pressure energy with breakage and explosion of
steam tank; chemical energy with chemical reactions or fire
hazard in the lab, and electrical energy with electrical shock
risk.

The HEMP vyielded 76 activities with potential
hazards. The risk number of hazards was determined by
multiplying severity and probability of occurrence. The
identified hazards with the highest risk number where
biological agent hazard in medical activities (lab, operating
room, and intensive care ward), musculoskeletal disorder
hazard in repair and maintenance, needle stick hazard in
medical activities, exposure to chemical compounds in
clinical lab, and therapeutic and care errors in medical and
nursing activities.

The HOSHRA method resulted in eight types of
chemical, biological, ergonomic, mental, electrical shock,
fire and explosion, slipping, falling, and radiation hazards.
All the identified hazards had a moderate risk level (need
for modification in the near future). The majority of the
identified hazards were mental, chemical, slipping and
falling, electric shock, and ergonomic hazards.

Finally, the AHP method showed that the highest
priority was with biological contamination caused by
ineffective ventilation, needle stick injuries in medical
procedure, electrical shock caused by working with
electrical equipment, and fire at the hospital.
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Table 1- Comparison of ETBA, HEMP, HOSHRA, and AHP methods using the FMEA method

The FMEA method showed that musculoskeletal disorders,
needlestick injuries, biological agents, and chemicals had
the highest hazard risks. This finding is consistent with
Attar et al. (2015) and Omidvari et al. (2016) 312, Based on
this method, performing heavy workload using mechanized
equipment, using safety box, using special containers for
sharp and pointy wastes, and using more efficient
ventilation equipment was recommended as control
measures.

The ETBA method indicated that among the identified
hazards, the highest risk levels were with personal injuries
by mechanic energy, explosion and breakage of steam
tank by pressure energy, chemical energy (chemical
reactions and spontaneous fire), and electrical energy
(electrical shock). Sarsangi et al (2015) used EBTA method
in a hospital and reported that the highest level of risk was
with chemical and electrical energies®3. Control measures
recommended by this method were procuring new

Priority FMEA ETBA HEMP HOSHRA AHP
of Descrip Potential RPN Type of Hazard Ris Activity Hazards Risk Hazar Safety Hazard Weigh
hazard tion risk energy description k numbe ds (%) risk,
risk lev r according
el to experts
1 Repair Musculosk 147 Mechanica Damages by 2C Mental Exposure to 54 Mental 70.9 Biological 0.135
and eletal | energy equipment in measure biological contaminati
mainten disorders laundry and s agents on caused
ance hazard operation by
activitie rooms ineffective
S ventilation
2 Medical | Needlestic 126 Pressure Fracture and 2D Repair Heavy 49 Chemi 71.43 Needlestick | 0.118
measur K injury energy explosion of and works cal injuries
es hazards steam tank maintena
nce
3 Medical Exposure 108 Chemical Chemical 3C Medic Needlestick 42 Slippin 725 Electrical 0.096
measur to energy reactions or measure g and shock
esin chemical fire hazards at s falling
risky agents lab
areas
(operati
on
room,
lab,
clinical
setting,
etc.)
4 Clinical Exposure 106 Electricity Electrical 3D Clinical Exposure to 36 Electri 73.43 Fire 0.093
lab to shock lab chemical cal
activitie chemical activities material shock
s agents
5 Medical | Therapeuti 105 Radiation X Ray 3D Medical Therapeutic 35 Ergon 80 Explosion 0.088
and c and care exposure at and and care omic of oxygen
nursing errors radiology and nursing hazards capsule
activitie by portable measure
s devices- UV s
radiation
6 Repair Falling, 105 Heat Fire 3D Carrying Explosion 27 Fire 81.81 Explosion 0.082
and cutting, oxygen and of steam
mainten and capsule explosi tank
ance mechanic on
activitie al
s damages
7 Washin | Respirator 90 Biological Virus and 3D Steam Explosion 18 Biologi 87.5 Chemical 0.078
g and y bacterium tanks cal and
disinfec damages detergent
tion caused by agents,
exposure hazards
to
detergents
DISCUSSION equipment with automatic safety microswitches, moving the

powerhouse to a separate building, and
ventilation facilities.

Chamberlain et al. (2006) noted that HEMP was a
valuable method to predict all the major hazards. This
method uses a hierarchy modeling tool and assess the
safety level with high accuracy 3. Nkwocah et al. (2018)
argued that HEMP was an important element in safety,
health, and environment management. This method is a
process to identify the hazards in an HSE critical activity
and it can be used to eliminate or control hazards 2°. The
results obtained by HEMP were more similar to those by
FMEA. The proposed controls by this method were the
same as those proposed by FMEA.

The major hazards identified by HOSHRA method
were mental hazards, chemical hazards, and slipping and
falling hazards. Jahangiri et al. (2015) reported consistent
results in their study titled “assessment of safety situation
using the audit method at the hospital.” They showed that

improving
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safety condition in the hospitals under study was at a
relatively low level in areas like safety management,
response plan for emergency situations, and fire safety?*.
Based on AHP method, the top hazard risks where
biological contamination, needle stick injuries, electrical
shock, and fire. Zarezade et al (2016) conducted a study
on prioritizing hazard risk of patients in treatment wards of
educational hospitals using AHP model. They showed that
needlestick injuries of personnel had the highest priority36.

CONCLUSION

The assessment methods were compared using the FMEA
method. The risk priorities according to ETBA was
completely different from the FMEA. The top risks identified
in HEMP were biological hazards, musculoskeletal
disorders, needle stick injuries, and exposure to chemicals,
which were similar to FEMA. The results of HOSHRA were
similar to FMEA only in terms of chemical and biological
agents and ergonomic factors as the top risk hazards. The
AHP method was similar to FMEA in terms of top risk,
hazard biological contamination, needle stick, and
chemicals. Our comparison also showed that FMEA found
more risks. To have comprehensive results, ETBA method
is recommended along with FMEA to identify risks in
hospitals.

In terms of limitations, the small sample size is notable.
Future studies may focus on several hospitals and wards.
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conflict of interest associated with this manuscript.
Acknowledgements: This project supported by Ardabil
University of Medical Science and ethical code:
IR.ARUMS.REC.1398.306

REFERENCES

1. Trianni A, Cagno E, Thollander P, Backlund S. Barriers to
industrial energy efficiency in foundries: a European
comparison. Journal of Cleaner Production. 2013 Feb
1,40:161-76.

2. Kjellén U. Prevention of accidents
feedback. CRC Press; 2000 Jul 20.

3. Pouya, A.B., Esmaeili, F., Jamali,
Reliability Assessments at a Tool
Suggestions. Pakistan Journal of
Sciences. 2018 Apr 1;12 (2): 898-900.

4. Mahdinia M, Yarahmadi R, Jafari MJ, Koohpaie AR, Khazaei
M. Fire risk assessment and the effect of emergency planning
on risk reduction in a hospital. Qom University of Medical
Sciences Journal. 2011 Sep 10;5 (3): 71-8.

5. Ahmadi S, ADL J, Varmazyar S. Risk quantitative
determination of fire and explosion in a process unit by
DOW's fire and explosion index.

6. Ebrahemzadih M, Halvani GH, Shahmoradi B, Giahi O.
Assessment and risk management of potential hazards by
failure modes and effect analysis (FMEA) method in Yazd
Steel Complex. Open Journal of Safety Science and
Technology. 2014 Sep 3;4 (03): 127.

7. Kingston J, Nertney R, Frei R, Schallier P, Koornneef F.
Barrier analysis analyst in MORT perspective. InProbabilistic
Safety Assessment and Management 2004 (pp. 364-369).
Springer, London.

8. Hinze J, Devenport JN, Giang G. Analysis of construction
worker injuries that do not result in lost time. Journal of
Construction Engineering and Management. 2006 Mar; 132
(3): 321-6.

through experience

Z. Risk and Human
Factory and Control
Medical and Health

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Doshman Fana Yazdy F, Farshad AA, Arghaml S, Heidari
MH. Use of ETBAmethod (Energy Trace and Barrier Analysis)
forhazard identification in a paint shop of an automobile
production factory. Iran Occupational Health. 2006 Oct 15;3
(2): 12-0.

Shirali G, Adl J. How to perform Energy Trace and Barrier
Analysis (ETBA) in industries? A case study in Isomax Unit of
Tehran refinery. Iran Occup Health. 2006; 3 (1): 43-9.

Di Mauro C, Bouchon S, Torretta V. Industrial risk in the
Lombardy region (Italy): What people perceive and what are
the gaps to improve the risk communication and the
participatory processes. Chemical Engineering Transactions.
2012;26.

Babaei Pouya A, Mosavianasl Z, Moradi-Asl E. Analyzing
Nurses’ Responsibilities in the Neonatal Intensive Care Unit
Using SHERPA and SPAR-H Techniques, Shiraz E-MED J.
2019 ; 20 (6): €81880. doi: 10.5812/sem;.81880.

Zavadskas EK, Turskis Z, TamoSaitiene J. Risk assessment
of construction projects. Journal of civil engineering and
management. 2010 Jan 1;16 (1): 33-46.

Arghami S, Abbasi S, Bakhtom S, Ziaei M. Comparing of
HAZOP and ETBA techniques in safety risk assessment at
gasoline refinery industry. African Journal of Basic & Applied
Sciences. 2014;6(1):1-5.

Ericson CA. Hazard analysis techniques for system safety.
John Wiley & Sons; 2015 Jun 12.

Mohammadfam |, Mahmoudi S, Kianfar A. Comparative
safety assessment of chlorination unit in Tehran treatment
plants with HAZOP & ETBA techniques. Procedia
Engineering 2012; 45; 27-30. doi: 10.1016/j.
proeng.2012.08.115.

Mohammadfam |, Sajedi A, Mahmoudi S, Mohammadfam F.
Application of Hazard and Operability Study (HAZOP) in
evaluation of health, safety and environmental (HSE)
hazards. Int J Occup Hyg 2012 Jul; 4 (2): 6972.

Stamatis DH. Failure mode and effect analysis: FMEA from
theory to execution. ASQ Quiality press; 2003.

DeRosier J, Stalhandske E, Bagian JP, Nudell T. Using
health care failure mode and effect analysis™: the VA
National Center for Patient Safety’s prospective risk analysis
system. The Joint Commission journal on quality
improvement. 2002 May 1;28 (5): 248-67.

Ericson CA. Hazard analysis techniques for system safety.
3rd ed. New jersey: Wiley & Sons; 2005. 528.

Vincoli JW. Energy trace and barrier analysis, in the basic
guide to system safety. 3rd ed. Hoboken, NJ, USA: John
Wiley & Sons, Inc; 2014. 111-8.

Harms-Ringdahl L. Analysis of safety functions and barriers in
accidents. Safety Sci 2009; 47 (3): 353-63.

23. Vincoli JW. Basic guide to system safety. New York:
Wiley-Interscience; 2006 Mar 31.

Salter N. Implementation of the Hazards and Effects
management  Process (HEMP) at Shell Chemical
Facilities.Presented at the 16th Annual Ethylene Producers
Conference Alche Annual Meeting New Orleans April2004.
Chamberlain GA, Global S, Solutions UK, de Groot M.
Management of large LNG hazards. In23rd World Gas
Conference 2006 (pp. 2474-84).

Jahangiri M, Mostavafi A. Compilation and validation of the
Occupational Safety and Health Risk Assessment Index in
the hospital. Master's Thesis. School of Health, Shiraz
University of Medical Sciences, 2015.

Badri, M. A., (2001). A combined AHP-GP model for quality
control  systems, International Journal of Production
Economics, 72, 27-40.

Saaty TL. Decision making with the analytic hierarchy
process. International journal of services sciences. 2008 Jan
1;1 (1): 83-98.

PJMHS Vol. 14, NO. 2, APR—-JUN 2020 816



Health and Safety Hazards in Hospitals

29.

30.

31.

32.

Dagdeviren, M., Yuksel, |, (2008). Developing a fuzzy
analytic hierarchy process (AHP) model for behavior-based
safety management. Information Science, 178, 1717-1733.
Albayrak, E., Erensal, Y. C., (2004). Using analytic hierarchy
process (AHP) to improve human performance. An
application of multiple criteria decision making problem.
Journal of Intelligent Manufacturing, 15, 491-503.

Attar Jannesar Nobari F, Yousefinez hadi T, Behzadi Goodari
F, Arab M. Clinical Risk Assessment of Intensive Care Unit
using Failure Mode and Effects Analysis. jhosp. 2015; 14 (2)
:49-59

Omidvari M, Shahbazi D. Assessing and Prioritizing Health
Safety and Environment Risk in Hospitals (Case Study:
Shahid Beheshti University of Medical Sciences). sjimu. 2016;
24 (1) :43-54.

33.

34.

35.

36.

Sarsangi V, kakaee H, poormorad H, forooghi dehnavi H,
aboee E, rahimizade A et al . Detection of Hazards and Risk
Assessment by ETBA Method in Central Heating System in
Kashan Shahid Beheshti Hospital in 2013. sjimu. 2015; 23 (2)
:12-20.

Chamberlain, G. A., et al. Management of large LNG hazards.
In: 23rd World Gas Conference. 2006. p. 2474-84.

Nkwocha, A. C.; ekeke, I. C.; olele, P. C. Health, Safety and
environment in oil and gas industry.International Journal of
Engineering Applied Sciences and Technology, 2018;3,
(7):51-56.

Zarezadeh M, Raadabadi M, Shaterzadeh F, Abedini S,
Tourani S. Prioritization of Patient-Related Risks in Treatment
Units Using Analytic Hierarchy Process (AHP); Case Study of
Educational- Therapeutic Hospital. tkj. 2016; 8 (1) :54-65.

817 PJMHS Vol 14, NO. 2, APR — JUN 2020



