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Abstract
Background: The emergency department is the entrance gate of patients to a hospital. Hospitals are confronted with major challenges in radiation, nuclear accidents, and nuclear terrorism. Iran is also at risk of disasters, accidents, and threats, so, the possibility
of nuclear and radiation accidents cannot be neglected.
Objectives: The present study aimed to extract the effective factors in emergency department preparedness of hospitals for radiation, nuclear accidents, and nuclear terrorism in Iran.
Methods: This qualitative study was conducted using in-depth semi-structured interviews with 32 key informants selected through
purposive and snowball sampling. Experts were from seven different specialties. Data were analyzed using the thematic analysis
method in order to extract the effective factors in emergency department preparedness of hospitals for radiation, nuclear accidents,
and nuclear terrorism in Iran in 2019. The interviews were held in the cities of Bushehr, Tehran, Shiraz, and Isfahan from September
2018 to February 2019.
Results: Effective factors in emergency department preparedness of hospitals were categorized into staff preparedness, equipment
preparedness, and system preparedness with 20 subcategories. The experts emphasized that training courses and exercises could
enhance the preparedness and response to these accidents.
Conclusions: This study showed that the emergency departments of hospitals in Iran have many challenges. When the country
moves towards having nuclear technology, must also provide the infrastructure of the preparedness. There must be an attempt to
reduce these challenges by providing financial and structural support. Identifying effective factors in preparation can be helpful in
setting up programs for emergency department preparedness of hospitals against nuclear and radiation accidents.
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1. Background
Today, as the use of nuclear technology has spread in
various industries throughout the world, the risk of nuclear accidents and damage has also increased (1). In recent
years, the risk of terrorist attacks and accidental radiation
has been on the rise, as well. Many countries in the world
spend millions of dollars to fight terrorism. Preparedness

is an important part of the crisis management cycle; thus,
prior planning is required for any crisis management. In
today’s world, we need to realize and understand theoretically the issues of nuclear weapons so that an appropriate
response is taken during such accidents (2).
Radiation emergencies possibly occur at any time;
Therefore, all countries must prepare for such an emergency. In particular, after the Chernobyl nuclear power-
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house accident in 1986, significant national and international advances have been made in response to these accidents. Fukushima disaster made it a topical issue again
to consider the preparedness. Radiation emergencies can
cause devastating effects not only through accidents but
also through nuclear terrorism. Handling these challenges
requires necessary measures to be taken to protect the facilities against malicious and illegal actions and accidents,
as well as public health. The safety and security actions
have common goals and the systems must complement
each other to reach the defined goals. Therefore, a coordinated approach is essential in nuclear safety and security (3). Hospitals should train decontamination teams and
design decontaminated areas with special showers and
proper ventilation systems. These hospitals also require
anti-doping; otherwise, they must already be coordinated
with other hospitals and supplying centers (4).
Although many disasters such as storms and tornadoes may occur abundantly, nuclear and chemical accidents pose destructive effects on many health centers and
have a very wide psychological impact on hospital staff. In
the event of Fukushima Dai-Chi, there was a hospital near
the accident site; many of its staff, in particular, the doctors, left the hospital, which caused problems in providing services to patients. From the moral perspective, functional roles in complex situations such as radiation accidents should be understood well by doctors and nurses (5).
Studies show that awareness in response to radiation accidents is very weak in the medical community, and they are
much worried about dealing with these patients (6). Holding exercises and educational programs for the staff is an
appropriate response to these accidents (7).
The emergency department is the entrance gate of patients to the hospital. Hospitals are confronted with major challenges in radiation, nuclear accidents, and nuclear
terrorism. As Iran is at risk of disasters and other types
of threats, nuclear and radiation accidents are likely to occur. Knowing the factors influencing the radiation accident preparedness is a must in every society; the experts’
views of these accidents can reflect the importance of this
issue. Studies conducted so far have focused on the existing defaults (established standards), but it is necessary
to recognize and review these factors with regard to the
context of each society and the opportunities and threats
of that society and according to the views of individuals
and experts. The innovation of this study is that interviews
were held with a wide range of specialists from different
fields who had experience of working with radiation patients, had high knowledge of the subject, and were from
various organizations.
2

2. Objectives
The present study was conducted using a qualitative
content analysis approach with the aim of extracting effective criteria of emergency department preparedness in a
hospital for radiation and nuclear accidents and nuclear
terrorism in Iran by interviewing the experts.

3. Methods
This study was conducted using a descriptive qualitative method in 2019. Data were collected through interviews with specialists and key informants. The thematic
analysis method was used to analyze the data and extract
effective criteria of emergency department preparedness
in hospitals for radiation and nuclear accidents and nuclear terrorism in Iran. The experts were selected from
Bushehr, Tehran, Shiraz, and Isfahan to be interviewed
from September 2018 to February 2019.
3.1. Participants
In-depth semi-structured interviews were held with experts in the emergency medicine specialty, nuclear engineering, nuclear medicine, medical physics, health in disasters, passive defense, radiobiology, and radiation protection. Data analysis was conducted using the thematic analysis method. It was not possible to find experts experienced in both radiation issues and hospital emergencies,
and in the area of crisis and disasters, as well as in nuclear and nuclear emergencies. The data were extracted
from interviews with specialists working at governmental
and non-governmental centers. However, many of these
people worked at universities and research/therapeutic
centers. Therefore, the interviews with different people
were conducted by the triangulation technique. Based on
the knowledge of experts, we looked for the factors influencing emergency department preparedness. The viewpoint of the individuals was analyzed based on science and
awareness.
The inclusion criteria included the holders of master’s
or general medicine degrees, work experience in hospitals, health centers or emergency hospitals, or managerial
work in crisis management, having executive records and
related studies, and willingness to participate in the study.
If any of the experts, before or during the interview, was
not willing to participate, they would be excluded from the
study.
A purposive and snowball sampling method was used
in this study; that is, each specialist introduced the next
specialist. Individuals who met the inclusion criteria were
identified. Then, the interviews were held after explaining
Iran Red Crescent Med J. 2019; 21(5):e87107.

Ahmadi Marzaleh M et al.

the goals and relevance of the study to the individuals, obtaining their consent, and making an appointment at the
right time. Numbers #1, #2, etc. were used to name the subjects. The names of people were not included in the demographic forms.
3.2. Data Collection
In-depth semi-structured interviews were conducted
with individual experts. The interviews were conducted
face-to-face or by telephone. Using open and semistructured questions, the experts were asked to talk about
the emergency preparedness of hospitals for radiation
accidents. The experts were asked the following semistructured questions: (1) “In your opinion, at the time
of accidents and disasters, in which aspects is the hospital emergency most vulnerable?” (2) “What do you think
should happen in the emergency department of hospitals
before radiation incident?” and (3) “In your opinion, which
factors affect the emergency preparedness of hospitals in
nuclear and radiation accidents?” Probing questions like
“How”, “Why” and “can you tell me more about …?” were
also asked during the interviews.
In addition, when talking about the subject under discussion, several other aspects of the interviewees which
were raised during the dialogue were examined. Moreover,
other probing questions were asked. In total, 35 interviews
were conducted with 32 specialists. The interviews continued until data saturation. Each interview lasted about 30
to 75 minutes. The mean length of each interview was 54
minutes. Two experts refused to participate in the study for
security reasons. During the study, an expert dropped the
interview due to the lack of time. The interviews were conducted by the researcher. In order to prevent possible bugs
in the voice recording of the experts, the interviews were
recorded by two recorders and immediately implemented.
3.3. Data Analysis
The data analysis was done during data collection. All
interviews were transcribed verbatim immediately after
recording. The researchers also took notes during the interviews. Two researchers coded the data. Thematic analysis was used for data analysis. This analysis consists of
six steps: (A) familiarity with the data (and extracting concepts from items): immersion in the data and frequent
readout of the data were done actively; (B) creation of initial codes (or assigning a code to each of the concepts and
their main and minor categorization): primary codes were
extracted from the text and data. Hierarchical coding was
used for encoding the data. The hierarchical method was
actually used for categorization and classification. The encoding was done manually; (C) search for themes: cateIran Red Crescent Med J. 2019; 21(5):e87107.

gorizing different codes was done in the form of potential themes and sorting all data summaries in the form of
specified themes. In this stage, the analysis of the codes
started; (D) review of classes, subclasses, and themes: in
this stage, reviewing the codes of classes and subclasses
was performed regarding the dataset; (E) definition and
naming of classes, subclasses, and themes: defined classes
and subclasses were analyzed again to determine which aspects of data and subclasses were included in each class;
(F) preparation of the report: the final analysis and reporting were done (8). If necessary, the interviews were given
to the individuals to correct or add, if they had any problems. Finally, interview transcripts were analyzed manually, code and themes were categorized, and classes and
subclasses were extracted. After analyzing the interview
transcripts, 214 codes were finally extracted, which were
classified into three classes and 20 subclasses by removing
duplicate codes and re-analyzing.
3.4. Rigor
Guba and Lincoln’s criteria were applied to ensure the
accuracy of the qualitative data, as follows (9).
l Trustworthiness: It is the same as internal validity,
meaning that contributors and experts believe that the
meaning given to conditions or position or the reality of
the findings is related to their own social context. This
was ensured by long-term conflict and direct observation,
reviewing by colleagues, reviewing by contributors, selfreviewing by researchers, using the triangulation technique, and researcher credibility.
l Transformability: It is equivalent to external validity;
it means that the results of the study are transmitted in
the same situation or similar contributors. The researchers
achieved this goal by providing more details about contributors and using special encoding procedures.
l Dependability: It is equivalent to reliability and
means how much the results and findings of the interviews are reliable. The researchers achieved this by thinking on the data stability and providing complete details on
the interviews.
l Conformability: It is used to confirm the findings. To
achieve conformability, the objective indicator was used
in the study. This means that a number of interview transcripts were provided to methodologists and researchers
who were familiar with qualitative studies to ensure the accuracy of the analysis process.
3.5. Ethical Considerations
The researchers obtained a recommendation letter
from the Vice-Chancellor for Research of the Faculty along
with approval from the Shiraz University of Medical Sciences with code IR.SUMS.REC.1397.808, presenting them to
3
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the research units. By introducing themselves to the contributors and explaining the purpose of the study, as well
as ensuring them that all recordings during the interviews
would remain confidential, the researchers selected participants who were willing to participate in the study. Meanwhile, participants were assured that they could withdraw
from the interview process at any stage.
4. Results
Of the 32 participants, 23 were men. Their mean age
was 43.96. The demographic and occupational characteristics of the participants are shown in Table 1.

Table 2. Categories and Subcategories Obtained from Interviews with Participants
to Extract Effective Criteria in the Preparedness of Hospitals for Radiation and Nuclear Accidents and Nuclear Terrorism in Iran
Category

No. (%)

Staff preparedness
Education

26 (9.21)

Support, safety, and communication with family and loved
ones

3 (1.06)

Awareness and knowledge

10 (3.54)

Staff security

7 (2.28)

Mental health needs of staff and patients and the presence
of psychologists

5 (1.77)

Triage and decontamination teams

13 (4.60)

Stuff preparedness
Table 1. Demographic and Occupational Characteristics of the Contributors
No. (%)
Gender
Male

23 (71.87)

Female

9 (28.12)

Level of education
Doctor of philosophy

17 (53.12)

Specialist physician

12 (37.5)

Master of science

3 (9.37)

Field of study
Emergency medicine

8 (25)

Medical physics

7 (21.87)

Health in disasters and emergencies

6 (18.75)

Nuclear medicine

4 (12.5)

Nuclear engineering

3 (9.37)

Passive defense

3 (9.37)

Radiobiology and radiation protection

1 (3.12)

The factors affecting the emergency department preparedness in hospitals for radiation and nuclear accidents
and nuclear terrorism in Iran were categorized into three
main domains: staff preparedness, stuff preparedness, and
system preparedness. The frequency and percentage of
subclasses are given in Table 2.
4.1. Staff Preparedness
Staff preparedness is one of the most important components of an effective response to radiation accidents.
Staff preparedness included six subcategories: education,
the safety of the loved ones and family, knowledge and
awareness, staff security, psychological preparedness, and
triage and decontamination.
Emergency staff and emergency equipment of hospitals are not prepared for radiation terrorist accidents.
4

PPE (personal protective equipment)

21 (7.44)

Radiation detectors

23 (8.15)

Antidotes

18 (6.38)

Decontamination equipment

19 (6.73)

Air purifier

3 (1.06)

Medications

24 (8.51)

System (structure) preparedness
Training and exercise

25 (8.86)

Incident command system

9 (3.19)

Response plan to disasters

15 (5.31)

Security

9 (3.19)

Internal and external coordination

16 (5.67)

Information and communication

19 (6.73)

Waste and sewage management

11 (3.90)

Allocating a place inside or outside the emergency
department

6 (2.1)

The participants’ concerns were categorized into six categories: (1) Hospital overwhelming, (2) Safety of the loved
ones and family, (3) Possible staff, (4) Lack of preparedness,
(5) Contamination, and (6) Self-protection.
Experts considered education as a very important principle of preparedness. If continuous training programs are
held for all emergency department staff, their knowledge
and awareness will increase about these accidents. Many
key informants pointed out that the main problem in preparedness is the lack of training courses:
A 43-year-old man, an emergency medicine expert said:
“Unfortunately, hospitals hold no or very few training
courses on radiation accidents for their staff. This is important in that the staff do not expose themselves to these
risks. In addition, they should get familiar with various
syndromes that occur after radiation, such as acute radiation syndrome” (P. 2).
Iran Red Crescent Med J. 2019; 21(5):e87107.
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4.2. Stuff Preparedness
According
to
the
participants’
statements,
stuff/facility preparedness includes six subclasses personal protective equipment (PPE), radiation detectors,
antidotes, air purifier, decontamination device, and
medications.
Preparedness for dealing with patients exposed to radiation needs the self-defense of emergency department
staff. The whole emergency department staff should be
trained to wear PPE correctly and fast, and there must be
an appropriate number of the trained staff in emergency
departments. Moreover, they should be aware of the different types of PPE and their applications. Different detectors such as personal detectors, dosimeters, film badges,
ionization chambers, Geiger-Muller counters, and scintillation counters should also be available in emergency departments. A summary of the remarks of experts is given
below.
A 52-year-old woman, a medical physics expert, said: “I
visited various hospitals, but I did not see Geiger-Muller
counters for measuring environmental radiation. All
emergency departments should also have environmental
dosimeters that should be calibrated continuously. Of
course, there should be dosimeters based on the type of radiation in different types. If a nuclear accident causes high
exposure to radiation, the dose should be estimated biologically” (P. 15).
4.3. System and Structure Preparedness
System and structure preparedness included eight
subclasses including incident command system, disaster
plan, security, acceptance capacity, inter-sectoral coordination, waste and sewage management, information and
communication, and space creation. Experts argued that
training the staff will be more practical by doing exercises.
Disaster plan and HICS should also be set up in emergency
departments to achieve the main goal that is an appropriate response to the accident and maintenance of the safety
of the staff by the unity of the command and effective use
of resources. Information should also be provided from
authorized centers, and any information and news that
reach emergency departments should be validated. Various channels should exist to communicate with inside and
outside the hospital. New communication technologies
should also be used, such as the Internet of objects (IOT),
cyberspace, and hotline. Emergency departments security
must be provided with control and supervision of protection and security staff.
Experts stated that in order to respond appropriately
to radiation and nuclear accidents, there should be multilayer communication and intra-hospital coordination
Iran Red Crescent Med J. 2019; 21(5):e87107.

among various units of the hospital with the emergency
department, as well as among related organizations such
as the police, the Atomic Energy Agency, and Operations
Guidance Center.
A 39-year-old man, a health in disasters expert, said:
“When these accidents happen, in order to deliver good
services, a desirable coordination must be provided before the accident among relief organizations, Atomic Energy Agency, fire stations, emergency departments, the Red
Crescent, and especially the police” (P. 1).
5. Discussion
This is the first qualitative study about the emergency
department preparedness in hospitals concerning radiation and nuclear accidents and nuclear terrorism in Iran.
No qualitative study has been conducted in this regard in
Iran; however, a few international studies are found. This
study provides a comprehensive overview to be used by
experts and readers about the issue of preparedness for
these accidents. Considering the fact that the key informants in this study were from a wide range of specialties,
the preparedness for radiation accidents was examined in
different aspects. All experts agreed that preparedness was
much more important than other crisis and disaster management phases. According to key informants, very good
measures are taken in Iran; however, special plans and coordination are required relative to other disasters and accidents. In order to provide an appropriate response to radiation and nuclear accidents, all the emergency department staff must work in harmony together.
The study of Becker and Middleton (10) on the preparedness of nurses and physicians during radiological
terrorist attacks showed that the staff and emergency
equipment of hospitals were not prepared for radiation
terrorist accidents. The participants’ concerns were categorized into six groups: (1) Overwhelming of the hospital;
(2) Safety of the loved ones and family; (3) Staff challenges;
(4) Lack of preparedness; (5) Contamination; and (6) Selfprotection. Many of the extracted factors in the mentioned
study were similar to those of the present study. Because
of the significance of preparedness, countries where radiation accidents already happened are relatively more prepared because they have real experiences about these accidents. However, due to the lack of precise information
about nuclear and radiation accidents in Iran, it is not possible to interpret this information accurately.
At the time of the accident, emergency department
staff are worried about their families and loved ones, which
causes them not to have enough focus on caring for the injured (6, 11, 12). Experts stated that the staff should be able
to communicate with their families either face-to-face or
5
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by phone, and be aware of their conditions; thus, they can
perform their duties properly.
Many people move toward emergency departments after radiation and nuclear terrorist accidents while they
many fears of being contaminated with radiation. The permanent presence of a psychologist in the emergency department can calm the atmosphere (4, 13, 14). The emergency department staff might also experience undesirable
psychological symptoms. The psychological effects of radiation on the response forces and medical staff depend
on various factors such as personality traits and ability to
cope with stress. The results of the study indicated that
the presence of psychologists can play an important role
in calming the injured and treatment staff and the psychologist can provide counseling and guidance for people
with psychological disorders or even healthy people who
are scared.
The formation of rapid reaction teams that are already
coordinated is very effective in encountering these accidents. The hospital crisis committee should hold constant
systematic training courses on radiation and nuclear accidents for all emergency department staff (6, 15-17). Training and exercise were the most frequent factors expressed
by the specialists to improve the readiness, which indicate
the great importance of these two factors in preparedness.
If the staff’s awareness and knowledge of dealing with the
injured or the circumstances of the radiation accident are
high, their safe behaviors will enhance.
Several teams in the emergency department have
to be formed to respond properly to radiation and nuclear accidents, including the victim delivery and transfer team, surveillance and triage team, emergency preparation team, para-clinical service team, a team for decontaminating the spaces and stuff, and a team for handling contaminated corpses (18, 19). In some cases, the collaboration
of specialized teams outside the hospital may be useful.
The members of nuclear triage and decontamination
teams should be determined separately in the emergency
department. As much as possible, the members of this
team should not be part of the emergency department and
should be formed independently (13, 20, 21). The formation
of decontamination and triage teams can be more effective in responding effectively to these accidents. Given that
triage in radiation and nuclear accidents is different from
that in normal conditions, the triage teams should try to be
trained, equipped, and always ready. Participation in maneuvers is effective in increasing the performance of these
teams.
Radiation detectors such as Geiger-Muller counters,
scintillation counters, personal dosimeters, and personal
protective equipment should be available in emergency
departments. In addition, the whole emergency depart6

ment staff should be trained to wear the PPE properly (6,
22, 23). The amount of radiation received by the person is
quickly measured with detectors and treatment is prioritized according to the amount of radiation received. The
required drugs and chelating agents in emergency departments should be available in advance because the immediate treatment of the injured individuals is in high priority (4, 6, 20, 24). Many experts emphasized the process
of decontamination and self-protection. When radiationexposed people are admitted to the hospital, the decontamination process should start immediately. Throughout
this period, the staff should use appropriate PPE to prevent themselves from contamination. For preventing the
contamination of the staff and hospital infrastructures,
the contaminants should be removed outside the emergency department or at the emergency department entrance door to prevent the patients and the injured from
entering the hospital and limiting the secondary contamination of the wards.
Emergency departments must continuously exchange
information of the accident with the Operations Control
Center and Hospital Crisis Committee, which is a rich
source of information and receives valid information instantly from responsive organizations. During such accidents, it is important to have quick access to additional information. For example, the distance to the hospital and
the type of radiation should be considered. Information
sources can also be obtained from the fire department,
EMS, and the local police. Launching hotlines helps quickly
transfer the information between the commanders.
The most important component of preparedness in radiation accidents is maneuvering and training. Exercises
should be done periodically at least two times a year in
order to increase the preparedness of the staff. Tabletop
training is the most accurate and low-cost type of training.
However, real training is costly and people respond realistically to hypothetical accidents (4, 13).
Incident Command System (ICS) is a system for the efficient use of resources and coordination of the services in
accidents. ICS must be established in emergency departments before the occurrence of accidents and the responsibilities of each section should be identified. ICS makes
it possible for the unit command, common language, efficient use of resources and facilities, and unity of the command to handle the accident (21).
Different spaces are required including a place to wear
personal protective equipment, ambulance station and
victim delivery, inspection area and the injured triage, a
space for treatment of non-contaminated radiation area,
contaminated space, decontamination area, showers for
the outpatient injuries, equipment collection area and the
contaminated waste, a place to handle the worried healthy
Iran Red Crescent Med J. 2019; 21(5):e87107.
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people, showers for the outpatient ward and bathroom
for the medical staff at the emergency department (18,
25). These spaces should be set up during the preparation
phase.
The emergency department of the hospital is at risk of
radiation and nuclear accidents, and the best way to prevent contamination is to investigate, and accurately monitor the situation. Hospital emergency departments are the
gateways for the patients’ entrance to the hospital and, if
the appropriate follow-up measures are not taken, there is
a possibility of contamination of other sections. Humans
are the most important resources in the emergency departments of hospitals. However, most studies have focused on
teaching, training, PPE, radiation detectors, and response
plans to disasters because these factors are of the main areas of preparedness for disasters and accidents. All crisis
management phases require a comprehensive and complete plan, but usually, the measures taken prior to the accident are more important and have the most protective
effect in the accidents (26, 27). Surge capacity is one of the
most important measures to increase preparedness when
exposed to radiation accidents. Usually, 20% of the hospital
emergency capacity is devoted to critical situations. Therefore, the emergency department staff should be familiar
with methods and approaches to increase surge capacity
(28). Experts stated that although significant progress has
been made regarding the preparedness of emergency department hospitals in Iran, there are still many obstacles
and challenges.
In response to radiation accidents, coordination and
collaboration between and within the organizations are required. Therefore, prior to the accident, there should be appropriate coordination between the trustees in handling
such accidents. Policymakers should pay more attention to
the issue of radiation and nuclear accidents because such
accidents may occur in any place and at any time. The government’s financial support can solve many problems in
equipping and preparing emergency departments in hospitals. Several studies have reported relatively similar factors in terms of preparedness for radiation accidents. The
results of this study could be used to develop a comprehensive tool for assessing the emergency preparedness of hospitals for radiation, nuclear accidents, and nuclear terrorism.
Like many other studies, this study also had some limitations such as inability to interview all the key informants,
especially nuclear specialists, for security reasons. For this
reason, the available people were interviewed. It was also
tried to have a good relationship with contributors by persuading and making mutual interactions. For future research, it is suggested that interviews be held with health
and medical staff who are in contact with patients and are
Iran Red Crescent Med J. 2019; 21(5):e87107.

exposed to radiation.
This study has several implications, the first of which
is assigning special training for preparing the staff as the
most important component of preparation; the second is
preparing and setting up guidelines and instructions for
all emergency department staff; the third is that all efforts
for preparing the emergency department must be made
before the accident; and the fourth is that all the components of preparedness are interrelated; hence, integrity in
preparation must be provided.
This study showed that the emergency departments of
Iranian hospitals have many challenges. When we move toward nuclear technology, we must also provide the infrastructure of preparedness. There must be an attempt to reduce these challenges by considering financial and structural support. Identifying effective factors in preparation
can be effective in setting up programs for emergency department preparedness of hospital against nuclear and radiation accidents. Additionally, due to the extracted factors, the emergency departments of hospitals can be more
equipped to deal with these accidents. In order to provide an appropriate response to radiation and nuclear accidents, we must develop all the components of preparedness in a coordinated and coherent manner.
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