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ABSTRACT

Introduction: Oxygen-generating central plays a vital role in the continuous performance of hospitals. Any
leakage or failure in this section can not only endanger the health and safety of patients but also cause fire
and explosion. Probabilistic risk assessment is a useful tool for identifying the main root causes of leakage
in oxygen-generating central. This study aimed at risk assessment of an oxygen-generating central in a
hospital in Hamadan using fuzzy sets theory and Bayesian networks.

Material and Methods: First, all root causes supposed to contribute to oxygen leakage from any part
of the oxygen-generating central were identified, and based on them a fault tree analysis (FTA) was
constructed. Then, the FTA was mapped in a BN. The failure probability of root causes was calculated using
fuzzy sets theory and experts’ opinions. Belief updating based on BN was utilized for subsequent analyses.

Results: According to this study, ignorance of labels on the oxygen generation and distribution system is
the most important root cause leading to oxygen leakage. Moreover, removing masks from patient’s faces
is the main cause of oxygen leakage in patient rooms. Once leakage occurred, the presence of an ignition
source can lead to fire or explosion.

Conclusion: Oxygen leakage can create considerable risks in hospitals. All staff should be provided with
sufficient training regarding hazards of oxygen-generating and distributing systems and oxygen leakage.
Particular attention should be paid to such leakages and their adverse consequence in emergency planning
and hospital crisis management.
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1. INTRODUCTION

The oxygen supply and distribution system
play a critical role in the sustained operation
and continuity of services for almost any
healthcare facility and hospital. Any dysfunction
or interruption of the oxygen supply and
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distribution system can lead to serious injuries
and consequences in oxygen demanded patients.
The previous studies have shown that besides the
therapeutic value of oxygen, oxygen leakage via the
production and distribution system is an important
cause to initiate fire in the surgery departments.
Risk assessment studies on the oxygen systems
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Fig. 1. Analysis of the cause-consequence of oxygen leakage in a hospital instrument using the Bayesian network

have revealed that oxygen-related incidents
convey low frequencies, but high consequences in
nature; therefore, these scenarios can endanger the
healthcare of employees and present patients and
their attendants. The present study is designed to
analyze and investigate the oxygen release scenario
in the oxygen-making system of a hospital using
Fault Tree Analysis (FTA) and the Bayesian Fuzzy
Networks technique.

2. MATERIAL AND METHODS

First, the basic events of the oxygen release
incidents were identified due to the review of
technical documents and the operation and
maintenance staff.

Then, FTA was drafted for the oxygen leakage
scenario, and the failure rate of any event was
determined wusing Fuzzy Logic and experts
opinions. The Bayesian network was utilized to
keep the study dynamic; finally, the control actions
were suggested to reduce oxygen leakage risk.

3. RESULTS AND DISCUSSION

Findings showed that putting the oxygen
masks off and being the oxygen valve open
simultaneously, keeping the oxygen valve open
in terms of inadequate training, and not being fit
the oxygen mask on the patients’ faces were the
most probable causes of oxygen leakage scenario.
It is shown in Figure 1. Oxygen leakage from the
pipelines can originate from external factors,
including corrosion, third parties interferences,
and natural events. On the other hand, the internal
factors included material quality deficiencies,
welded seams failure, and the failure of auxiliary
equipment. Corrosion can be ended in the confined
perforation or even full rupture of the lines
regarding the process condition. These conditions,
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in turn, determine the mechanism and the quantity
of oxygen released. Although the advances in the
design and operation of oxygen making systems
have reduced many incidents and enhanced the
safety level, it is necessary to obtain more safety
levels in terms of the sensitivity of at risk targets.
The purity of oxygen produced in the oxygen
systems is more than 95%, while the required purity
level for medical purposes is at least 82 percent.
Therefore, due to the higher levels of oxygen purity
levels, the release scenarios were considered in this
study. Any increment in the oxygen concentration
leads to widening the flammability range of present
flammable gas and vapors. In other words, the
upper limit of flammability level for present
substances will be diminished. Kalkman C]J et al.
showed that an oxygen-enriched environment is an
important cause of fires occurring in the surgical
departments, while the existence of laser rays or
a diathermic knife can act as the ignition source.
The present study revealed that putting the mask
off the breathing zone is the most probable cause
of oxygen leakage which is a common situation in
a patient’s room. An unfitted oxygen mask on the
patient’s face possesses the second rank of oxygen
release causation. As a contributing factor, oxygen
leakage can increase the risk of fire. According to
the present study, oxygen increment up to 24%
(enriched by oxygen) is seriously dangerous in the
fire and explosion scenarios. The oxygen leakage
problems are considered challenging from the
patient’s safety and hospital safety perspective.
Therefore, healthcare employees should be aware of
the oxygen leakage risks. Occurrence of any error
in these tasks will lead to the risk of hypoxia and

4. CONCLUSION
According to the present study, oxygen leakage
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is a potentially serious scenario in healthcare
facilities and hospitals. Then, it is necessary to
assess and manage this scenario in healthcare
facilities. The oxygen making and distribution
system should be periodically inspected and
maintained to prevent accidental oxygen release.
Continuous watching of the system by trained
personnel, regular inspection, and after repair leak
checking is other protective measures to prevent
potential leakages. Besides, providing the oxygen
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sensor and alarm in the patient’s room, and briefing
the medical staff and patients to correct usage of
the oxygen mask are other managerial measures. It
is necessary to exercise the simulated response to
the oxygen release scenario and the consequent fire
to cope with the probable incidents.
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