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Aims Hazardous Materials and Chemical, Biological, Radiological, and Nuclear incidents can 
occur randomly or intentionally. These events are often unpredictable and invisible, leading 
to fear, anxiety, and disruption in healthcare services within the community. The researcher 
aimed to conduct a comprehensive and targeted study to identify the factors influencing the 
preparedness of hospital emergency department staff for Hazardous Materials and Chemical, 
Biological, Radiological, and Nuclear incidents.
Information & Methods This review study was sourced from Scopus, PubMed, Cochrane 
Library, Web of Science, ProQuest, and Magiran Databases from January 1, 2005, to April 1, 2024. 
The search components were preparedness, emergency departments, Hazardous Materials 
incidents, and Chemical, Biological, Radiological, and Nuclear incidents. After excluding all 
articles that did not meet the inclusion criteria, the full texts of 34 articles that met the criteria 
were obtained and reviewed.
Findings Following the review and several readings with content analysis, meaningful units 
related to the research questions were categorized into 24 subcategories. These subcategories 
were then grouped into nine categories based on their similarities and differences: resources, 
training and exercises, contamination control and treatment, coordination, evaluation and 
planning, categorization and guidelines, casualty management, communications and information 
systems, and hospital management structure. 
Conclusion Emergency department staff’s preparedness to respond to Hazardous Materials and 
Chemical, Biological, Radiological, and Nuclear incidents is limited. Each of the nine identified 
categories and their subcategories requires careful implementation and upgrading in alignment.
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Introduction 
In recent years, the world has witnessed numerous 
disasters and calamities. With advancements in 
technology, the risk of non-natural disasters such as 
Chemical, Biological, Radiological, and Nuclear 
(CBRN) incidents has increased, leaving fatal 
consequences both in terms of human lives and 
financial costs over several decades. Hazardous 
Materials (HazMat) and CBRN incidents occur either 
accidentally or intentionally. These incidents are 
often unpredictable and invisible, causing fear and 
anxiety, disrupting social well-being and mental 
health, and impairing the delivery of healthcare 
services in the community. Diagnosing symptoms 
related to CBRN agents is challenging due to the 
rarity of these incidents and the similarity of their 
symptoms to other diseases [1-3]. There are national 
and international concerns regarding CBRN 
incidents, primarily due to the unexpected nature of 
these events and the resulting consequences caused 
by a lack of awareness, resources, planning, and 
preparedness [4]. Whether intentional or accidental, 
CBRN incidents are significant from economic, 
political, social, security, and medical perspectives [5]. 
The primary concern for people during such 
incidents is health; Hence, hospitals and healthcare 
system staff, especially Emergency Departments 
(ED), are heavily involved [4, 6]. Hospitals bear the 
brunt of admissions and treatment of affected 
individuals, and ED serves as the "first gateway" for 
those needing care [7]. ED staff, referred to as first 
receivers include doctors, nurses, healthcare 
specialists, and non-clinical staff [2]. 
A 2020 study among 308 nurses from selected 
hospitals in Tehran found that the highest willingness 
and ability were related to participation in natural 
disasters like floods and earthquakes, while the 
lowest willingness and ability were reported for 
participation in CBRN incidents [8]. Additionally, 
another study indicated a low likelihood of nurses 
responding to nuclear/radiological disasters [9]. 
The potential consequences and costs of 
unpreparedness for HazMat and CBRN incidents can 
be immense [10]. Quick and appropriate responses to 
CBRN incidents can significantly reduce the harmful 
effects on physical health, decrease mortality, and 
mitigate the psychological impacts, all of which 
depend on the preparedness of hospital ED staff [11, 

12]. Lack of preparedness can lead to ineffective crisis 
management, increased fear and anxiety among the 
public and hospital staff, and potentially inadequate 
care for the injured, setting the stage for a larger 
socio-psychological crisis [13]. Preparedness is a 
significant part of the disaster management cycle. 
The World Health Organization has identified it as a 
critical component of sustainable development, 
emphasizing prior planning and implementation of 
necessary activities. They have noted that many 
hospitals are still not adequately prepared for such 

incidents and face various challenges due to the 
differing pathophysiology of these events [10, 14]. 
Hospitals can appropriately respond to nuclear 
incidents with trained staff [14]. Those responding to 
these incidents face highly stressful situations that 
impact their physical and mental health. However, 
prior planning can minimize these effects and 
facilitate decision-making [15]. ED staff must prevent 
contamination by using PPE. Training ED staff about 
radiation hazards enables them to provide safe care 
to patients [16]. Despite recognizing the need for 
emergency preparedness training and programs in 
the healthcare sector, preparedness levels vary 
across countries, as does the level of understanding 
and training among ED staff [17]. Even though 
hospitals have developed response plans and 
regularly conduct exercises for HazMat and CBRN 
incidents in Hong Kong, studies have shown that 
clinical staff, such as nurses, do not feel adequately 
prepared and need further training [18]. The role of 
emergency physicians in preparing for and 
responding to CBRN and HazMat incidents is crucial 
worldwide [19]. 
A report from a medical institute indicated that EDs 
are better prepared for such incidents than before 
but still have a long way to go [7, 20]. One challenge for 
ED staff is the ambiguity in diagnosing the type of 
contaminant when a patient or victim arrives at the 
triage area. Another challenge is patient 
decontamination, which is related to the use of PPE. 
These are examples of the challenges faced by ED 
staff in responding to HazMat and CBRN incidents. 
Training is the only means to enhance the ED's 
response preparedness for HazMat and CBRN 
incidents, but it faces obstacles such as staff 
shortages and frequent relocation of trained staff [2]. 
Various studies in Iran and worldwide have 
evaluated hospital preparedness for CBRN incidents, 
yet differing information exists. Each study has 
highlighted certain factors affecting hospital staff 
preparedness, and no comprehensive scoping 
reviews were found that examined all aspects of ED 
preparedness for CBRN and HAZMAT incidents. 
Therefore, the researcher conducted a 
comprehensive and targeted study to determine the 
factors that affected the preparedness of ED for 
HazMat and CBRN incidents. This study employed the 
scoping review method, utilizing the findings of 
studies conducted worldwide. 
 
Information and Methods 
This article is the result of a scoping review study. 
The study utilized all five stages proposed by Arksey 
& O'Malley [21]. Levac et al. recommendations were 
considered during data charting [22]. 
Stage 1: Identifying and stating the research 
questions 
This study aimed to determine the factors influencing 
the preparedness of ED staff in HazMat and CBRN 
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incidents. The following research questions were 
adopted to guide the review: 
1. What factors influence the preparedness of ED staff 
and their components in facing HazMat and CBRN 
incidents? 
2. What methods can enhance the preparedness of ED 
staff in facing HazMat and CBRN incidents? 
Stage 2: Identifying relevant studies 
The search components were preparedness, 
emergency departments, HazMat, and CBRN 
incidents. The term "staff" was removed from the 
search process after consulting the research team to 
maximize the number of articles retrieved. 
Additionally, after an initial internet search to 
identify relevant keywords and subject phrases, the 
Medical Subject Heading (MeSH) website and 
consultation with relevant specialists were used to 
determine keywords in Persian and English. The 
literature search was conducted using Persian and 
international databases, including Scopus, PubMed, 
Cochrane Library, Web of Science, ProQuest, and 
Magiran, from January 1, 2005, to April 1, 2024 
(Table 1).  
Stage 3: Study selection 
In this stage, an overview of the selected articles and 
sources for the review was provided. After 

identifying the relevant studies, they were screened 
for duplicates and assessed for relevance according 
to the inclusion and exclusion criteria. Inclusion 
criteria included research results in all countries 
from January 2005 to April 2024, all research 
methods, and relevance to the study topic and 
research question. Exclusion criteria included 
articles in languages other than English and Persian 
(due to the researcher's lack of knowledge of 
languages other than these two), abstracts of seminar 
and conference articles, articles that assessed the 
preparedness of emergency and hospital staff other 
than HazMat and CBRN incidents, and articles that 
did not meet the required quality according to the 
statement of Strobe and COREQ. After excluding all 
articles that did not meet the inclusion criteria, the 
full texts of all articles that met the criteria were 
obtained and reviewed.  
It is important to note that no articles were excluded 
due to a lack of full-text access to ensure 
comprehensive coverage of all countries. 
Out of the 361 articles and documents gathered 
during the search, 154 were found to be relevant, and 
34 articles were ultimately included in the study. The 
overall study selection process is illustrated in the 
PRISMA diagram (Figure 1). 

 
Table 1. Keywords and search strategies 
Keywords 
Hospital, Hospital’s 
emergency, Emergency 
room, Health officials, 
Health care facility, 
medical facility, Health 
care system 

Preparedness, Preparedness, 
Response, Appraisal, 
Measurement, Evaluation, 
Management 

Chemical Incidents, Biological Incidents, Radiological Incidents, Nuclear 
Incidents, Hazardous Material, Chemical Crisis, Biological Crisis, 
Radiological Crisis, Nuclear Crisis, Chemical Accident, Biological Accident, 
Radiological Accident, Nuclear Accident, Chemical Disaster, Biological 
Disaster, Radiological Disaster, Nuclear Disaster, Chemical Event, 
Biological Event, Radiological Event, Nuclear Event, Chemical Occurrence, 
Biological Occurrence, Radiological Occurrence, Nuclear Occurrence, 
Chemical Hazard, Biological Hazard, Radiological Hazard, Nuclear Hazard, 
Chemical Threat, Biological Threat, Radiological Threat, Nuclear Threat, 
Chemical Agent, Biological Agent, Radiological Agent, Nuclear Agent, 
Chemical Terrorism, Biological Terrorism, Radiological Terrorism, Nuclear 
Terrorism, CBRN Incidents, CBRN Accident, CBRN Crisis, CBRN Disaster, 
CBRN Event, CBRN Occurrence, CBRN Hazard, CBRN Threat, CBRN Agent, 
CBRN Terrorism, NBC Incidents, NBC Accident, NBC Crisis, NBC Disaster, 
NBC Event, NBC Occurrence, NBC Hazard, NBC Threat, NBC Agent, NBC 
Terrorism 

Search strategies in the PubMed database 
((Hospital* [Title/Abstract] OR Hospital’s emergency [Title/Abstract] OR Emergency room [Title/Abstract] OR Health officials 
[Title/Abstract] OR Health care facility [Title/Abstract] OR Medical facility [Title/Abstract] OR Health care system [Title/Abstract]) AND 
(Preparedness* [Title/Abstract] OR Readiness* [Title/Abstract] OR Response* [Title/Abstract] OR Appraisal* [Title/Abstract] OR 
Measurement* [Title/Abstract] OR Evaluation* [Title/Abstract] OR Management* [Title/Abstract])) AND (Chemical incidents 
[Title/Abstract] OR Biological incidents [Title/Abstract] OR Radiological incidents [Title/Abstract] OR Nuclear incidents [Title/Abstract] 
OR Hazardous material [Title/Abstract] OR Chemical crisis [Title/Abstract] OR Biological crisis [Title/Abstract] OR Radiological crisis 
[Title/Abstract] OR Nuclear crisis [Title/Abstract] OR Chemical accident [Title/Abstract] OR Biological accident [Title/Abstract] OR 
Radiological accident [Title/Abstract] OR Nuclear accident [Title/Abstract] OR Chemical disaster [Title/Abstract] OR Biological disaster 
[Title/Abstract] OR Radiological disaster [Title/Abstract] OR Nuclear disaster [Title/Abstract] OR Chemical event [Title/Abstract] OR 
Biological event [Title/Abstract] OR Radiological event [Title/Abstract] OR Nuclear event [Title/Abstract] OR Chemical occurrence 
[Title/Abstract] OR Biological occurrence [Title/Abstract] OR Radiological occurrence [Title/Abstract] OR Nuclear occurrence 
[Title/Abstract] OR Chemical hazard [Title/Abstract] OR Biological hazard [Title/Abstract] OR Radiological hazard [Title/Abstract] OR 
Nuclear hazard [Title/Abstract] OR Chemical threat [Title/Abstract] OR Biological threat [Title/Abstract] OR Radiological threat 
[Title/Abstract] OR Nuclear threat [Title/Abstract] OR Chemical agent [Title/Abstract] OR Biological agent [Title/Abstract] OR 
Radiological agent [Title/Abstract] OR Nuclear agent [Title/Abstract] OR Chemical terrorism [Title/Abstract] OR Biological terrorism 
[Title/Abstract] OR Radiological terrorism [Title/Abstract] OR Nuclear terrorism [Title/Abstract] OR CBRN incidents [Title/Abstract] OR 
CBRN accident [Title/Abstract] OR CBRN crisis [Title/Abstract] OR CBRN disaster [Title/Abstract] OR CBRN event [Title/Abstract] OR 
CBRN occurrence [Title/Abstract] OR CBRN hazard [Title/Abstract] OR CBRN threat [Title/Abstract] OR CBRN agent [Title/Abstract] OR 
CBRN terrorism [Title/Abstract] OR NBC incidents [Title/Abstract] OR NBC accident [Title/Abstract] OR NBC crisis [Title/Abstract] OR 
NBC disaster [Title/Abstract] OR NBC event [Title/Abstract] OR NBC occurrence [Title/Abstract] OR NBC hazard [Title/Abstract] OR NBC 
threat [Title/Abstract] OR NBC agent [Title/Abstract] OR NBC terrorism [Title/Abstract]) 
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Figure 1. Diagram of the selection process of related articles based on the PRISMA method 
 
Findings 
Stage 4: Data charting and synthesis (content 
analysis) 
Quality assessment of studies 
The tools for reviewing and assessing the quality of 
studies and selecting articles eligible for inclusion in 
the study were evaluated using the STROBE 
statement and COREQ criteria [23, 24]. Following the 
quality assessment of articles using these checklists, 
articles that did not meet the minimum quality 
standards were excluded from the study. STROBE 
checklist consisted of 22 items for critiquing 
observational studies, with the first item on the 
checklist relating to the title and abstract and the 
second and third items on the introduction. Items 4-
12 related to methodology, items 13-17 related to 
results, items 18-21 related to discussion, and item 
22 related to funding sources. The COREQ checklist 
consisted of 32 items in three dimensions: Research 
team and interaction with research units, study 
design and implementation, data analysis, and 
results. 
At the end of the search, and after omitting 
duplicates, 2 research team members screened 

articles and documents according to their titles and 
abstracts, considering the inclusion and exclusion 
criteria. In case of any disagreement, a third author 
was consulted. In this study, an inter-rater reliability 
score of 75% was considered. Finally, details of the 
selected articles, including the first author, year of 
publication, article title, country, study type, number 
of participants, and relevant results according to the 
research objective (factors influencing the 
preparedness of ED staff in facing HazMat and CBRN 
incidents) were extracted (Table 2). After completing 
this form, the results obtained from the review of the 
articles (content analysis) were summarized & 
reported. 
Description of studies: Most of the reviewed articles 
were cross-sectional research studies. Eighteen 
articles (53%) were conducted in Asian hospitals, 
eight articles (23%) in European hospitals, four 
articles (12%) in hospitals in the Americas, one 
article (3%) in an African hospital and three articles 
(9%) involved hospitals across more than one 
continent. Of the total studies, 79% were research or 
original articles, 15% were review articles and 6% 
were guidelines and protocols (Table 3). 
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Table 2. Summary of reviewed studies results 
Author and 
year 

Title Setting Research 
design 

Number of 
participants 

Effective factors according to the 
purpose of the research 

Razak et al., 
2018 [2] 

Emergency department response 
to chemical, biological, 
radiological, nuclear, and 
explosive events: A systematic 
review 

England Review and 
meta-analysis 

Use of 60 
articles 

A systems approach to more effectively 
understanding ED response to CBRNE 
events with an emphasis on the knowledge 
and competence of responders  

Heidaranlu 
et al., 2022 
[25] 

Investigating the level of 
functional preparedness of 
selected Tehran hospitals in the 
face of biological events: A focus 
on COVID-19 

Iran Cross-sectional  15 experts 
and 4 
hospitals 

Improving the awareness of managers, the 
potential for sufficient and appropriate 
intervention to eliminate existing 
deficiencies, having an approved budget 
for responding to CBRN incidents, training 
staffs  

Sharififar et 
al., 2022 [26] 

The current state of infectious 
disasters preparedness around the 
world: A qualitative systematic 
review (2007-2019) 

Iran Review and 
content 
analysis 

Use of 21 
articles 

Infection control, coordination, risk 
communication, supervision, knowledge, 
training, human resources, risk perception, 
essential support services, integrated 
command and coordination  

Jahangiri et 
al., 2016 [27] 

Assessing hospital preparedness 
for nuclear and radiological 
events: Development a valid and 
reliable instrument 

Iran Cross-sectional  10 specialists Designing a tool for assessing hospital 
preparedness against radiation and 
nuclear accidents, manpower training, 
dosimetry, crisis committee for radiation 
accidents  

Bajow et al., 
2022 [28] 

Assessment of the effectiveness of 
a course in major chemical 
incidents for front line health care 
providers: A pilot study from Saudi 
Arabia 

Saudi 
Arabia 

Cross-sectional  41 experts Determining the necessary competencies 
(including knowledge, skills, attitudes) of 
the respondents  

Razak et al., 
2023 [29] 

The standardization of the 
emergency department response 
to chemical, biological, 
radiological, and nuclear (CBRN) 
events: Human 
factors/ergonomics approach 

England Document 
analysis, HTA 

57 experts ED response standards to CBRN events by 
combining human factors/ergonomics, 
Task hierarchy analysis (HTA)  

Teymouri et 
al., 2022 [30] 

Hospital preparedness assessment 
instruments in chemical incidents: 
A systematic literature review 

Iran Review and 
meta-analysis 

Use of 13 
articles 

Empowering employees, managing 
resources and facilities, decontamination, 
coordination and communication, safety 
and security  

Erickson et 
al., 2023 [31] 

Evaluation of chemical, biological, 
radiological, nuclear, explosives 
(CBRNE) knowledge change and 
skills confidence among frontline-
line providers during the Russia-
Ukraine war 

Russia Pre/post-test  523 people Evaluating change in knowledge and 
confidence in skills after implementation of 
wartime CBRNE training course, 
knowledge retention and effectiveness of 
train-the-tainer initiative model, ability to 
document forensic findings of CBRN 
incidents  

Asadi et al., 
2023 [32] 

Multi-purpose model of general 
emergency of hospitals in CBRN 
conditions: Narrative review 

Iran Review Use of 22 
articles 

The necessity of developing a 
comprehensive CBRN crisis management 
model including dimensions: Human 
resources, structure and physical space, 
instructions and processes and equipment  

Teymouri et 
al., 2022 [5] 

Hospital preparedness challenges 
in chemical incidents: A qualitative 
study 

Iran Qualitative 10 specialists Developing and keeping up to date national 
protocols and standards for preparedness 
to respond to chemical accidents, the need 
to provide appropriate solutions such as 
effective training and increasing the risk 
understanding of policymakers and 
managers  
 

Becker & 
Middleton, 
2008 [7] 

Improving hospital preparedness 
for radiological terrorism: 
Perspectives from emergency 
department physicians and nurses 

England Focus groups 77 specialists Concerns, views and information needs of 
emergency clinical staff about radiation 
terrorism, stating the major challenges of 
preparedness  
 

Hung et al., 
2013 [33] 

Emergency physicians' 
preparedness for CBRNE incidents 
in Hong Kong 

Hong Kong Cross-sectional  15 ED The need for emergency physicians to be 
aware of hospital emergency programs and 
high motivation for training  

O'Sullivan et 
al., 2008 [34] 

Disaster and emergency 
management: Canadian nurses' 
perceptions of preparedness on 
hospital front lines 

Canada Cross-sectional  1543 experts Further education of emergency nurses by 
considering unique characteristics and 
considering gender-based differences in 
perceptions of CBRN incident 
preparedness, studies evaluating how 
preparedness perceptions change over 
time  
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Continue of Table 2 from the last page. 
Williams et 
al., 2007 [35] 

Preparedness of emergency 
departments in northwest 
England for managing chemical 
incidents: A structured interview 
survey 

England Semi-
structured 
interview 

18 ED The need to develop clear national 
guidelines and standards to increase 
coordination when CBRN incidents occur  

Azeem et al., 
2019 [36] 

Perception of preparedness of 
health care professionals in case of 
a nuclear, chemical, biological 
attack/emergency in a tertiary 
care hospital 

Pakistan Cross-sectional  200 people Greater confidence of doctors than nurses 
in handling an NBC incident, training 
nurses and conducting exercises  

Aminizadeh 
et al., 2022 
[10] 

Hospital preparedness challenges 
in biological disasters: A 
qualitative study 

Iran Qualitative 20 specialists Designing the preparation of hospitals 
based on preparedness standards against 
biological incidents  

Houser, 
2022 [37] 

Evaluating Nebraska EMS 
providers’ ability and willingness 
to respond to emergencies 
resulting from bioterrorist attacks 

USA Quantitative  190 experts Increasing training and conducting 
maneuvers, proper communication, ability 
to creatively and flexibly solve problems, 
having an acceptable level of competence 
among employees  

Sharififar et 
al., 2020 [38] 

Factors affecting hospital response 
in biological disasters: A 
qualitative study 

Iran Qualitative 
study, content 
analysis 

12 specialists Introducing 8 effective categories on 
hospital response in biological disasters 
including diagnosis, treatment and control 
of infection, coordination, resources, 
training and practice, communication and 
information system, structure and 
planning  

Marzaleh et 
al., 2019 [16] 

Developing a model for hospitals’ 
emergency department 
preparedness in radiation and 
nuclear incidents and nuclear 
terrorism in Iran 

Iran Systematic 
review, 
qualitative 
study, Delphi 
technique 

32 specialists All-round emergency preparedness of 
hospitals against radiological/nuclear 
accidents requires a concerted promotion 
of all cultural, social, economic and political 
levels  

Nagata et al., 
2022 [39] 

Radiation emergency medical 
preparedness in Japan: A survey of 
nuclear emergency core hospitals 

Japan Cross-sectional  36 hospitals Risk communication and planning for 
nuclear/radiation disasters  

Mortelmans 
et al., 2017 
[40] 

Are Dutch hospitals prepared for 
chemical, biological, or 
radionuclear incidents? A survey 
study 

Netherland
s 

Cross-sectional 
descriptive 
study 

93 hospitals Risk perception, availability of 
decontamination units, PPE, antidote 
stocks, radiation detection, infectious 
disease specialists, quarantine measures 
and staff training, hospital accreditation 
requirements, budget  

Jama & 
Kuisma, 
2016 [41] 

Preparedness of Finnish 
emergency medical services for 
chemical emergencies 

Finland Cross-sectional  20 hospitals Rapid identification of chemicals, PPE, 
decontamination, triage, support for 
employees when incidents occur  

Chilcott et 
al., 2019 [42] 

UK’s initial operational response 
and specialist operational 
response to CBRN and HazMat 
incidents: A primer on 
decontamination protocols for 
healthcare professionals 

England protocol - Availability of PPE and diagnostic tools, 
decontamination facilities  

Sajjadi et al., 
2023 [43] 

Preparedness, knowledge, and 
attitude of emergency nurses 
dealing with the crisis of unnatural 
disasters 

Iran Descriptive 310 experts Education, gender type, triage  

Amponsah‐
Tawiah & 
Anuka, 2018 
[44] 

Pressure for health service 
delivery and its implications on 
safety behaviour of health care 
practitioners 

Africa Cross-sectional  295 people The negative effect of pressure to provide 
health services on the safety behavior of 
clinical employees, the positive effect of 
management's commitment to safety on 
the safety behavior of employees, 
preventive planning, PPE, regular training 
and related seminars, creating an 
empowering environment  

Balicer et 
al., 2011 [45] 

Characterizing hospital workers' 
willingness to respond to a 
radiological event 

USA/Israel Quantitative  3426 staff  Paying overtime hours, understanding risk, 
training, real disaster experience, attention 
to family and pets, holding practical 
workshops  

Sultan et al., 
2020 [46] 

Emergency healthcare providers’ 
perceptions of preparedness and 
willingness to work during 
disasters and public health 
emergencies 

Saudi 
Arabia 

Quantitative  213 staff  Type of biological disaster, having self-
confidence and sufficient knowledge and 
skills, training, age, experience, risk 
perception, employees' assurance of their 
own and family's safety  

Al-Hunaishi 
et al., 2019 
[47] 

Factors associated with healthcare 
workers willingness to participate 
in disasters: A cross-sectional 
study in Sana’a, Yemen 

Yemen/Ma
laysia 

Cross-sectional  1093 staff  Social and intrapersonal and professional 
factors in increasing willingness to 
participate, gender, environmental factors, 
type of disasters  
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Continue of Table 2 from the last page. 
Siman-Tov 
et al., 2020 
[48] 

Maintaining preparedness to 
severe though infrequent threats-
can it be done? 

Israel Quantitative  24 hospitals Risk assessment, staff training  

Min et al., 
2023 [49] 

Effect of prior mental health on 
persistent physical symptoms 
after exposure to a chemical 
disaster 

South 
Korea 

Quantitative  1201 people The importance of physical and mental 
health of employees, positive media 
coverage  

Rebmann & 
Mohr, 2008 
[50] 

Missouri nurses' bioterrorism 
preparedness 

USA Cross-sectional 1528 experts Training, gender, education level and 
mental health, job commitment, difference 
in participation of male nurses and female 
doctors, transportation during non-office 
working hours, infection control skills  

Farhat et al., 
2022 [51] 

Hazardous material and chemical, 
biological, and nuclear incident 
readiness among prehospital care 
professionals in the State of Qatar 

Qatar Cross-sectional 224 people Knowledge of employees, face-to-face and 
non-face-to-face training, familiarization of 
employees with safety and life-saving 
measures  

NATO, 2014 
[52] 

Minimum standards and non-
binding guidelines for first 
responders regarding planning, 
training, equipment for chemical, 
biological, radiological and nuclear 
(CBRN) incidents 

USA Guideline - Training, knowledge, risk understanding, 
PPE, creation of decontamination sites, 
having geographic knowledge of the region 
and the ability to search and analyze, 
knowledge of critical facilities and 
infrastructure, film badge  

Farhat et al., 
2024 [53] 

Exploring attitudes towards health 
preparedness in the Middle East 
and North Africa against chemical, 
biological, radiological, and 
nuclear threats: Qualitative study 

Qatar/Afric
a 

Qualitative, 
semi-
structured 
interview 

29 people Training, geographical differences, 
exercises, artificial intelligence  

  
Stage 5: Summarizing and reporting the results 
To extract and synthesize data, based on the review, 
the articles were carefully read several times and the 
most important points were extracted and 
summarized and utilizing content analysis, the 
meaningful units related to the research questions 
were categorized into 24 subcategories. Categories 
were defined emergently.  

These subcategories were then grouped based on 
similarities and differences into 9 main categories: 
Resources, training and exercise, contamination 
control and treatment, coordination, assessment and 
planning and classification and guidelines, casualty 
management, communications and information 
systems, structure, and hospital management (Table 
4). 

 
Table 3. Number of articles encoded by world region and type of documents 
Setting Number of documents Original research articles Review articles Guidelines and protocols 
Asia 18 (53%) 14 (41%) 4 (12%)  - 
America 4 (12%) 3 (9%) - 1 (3%) 
Europe 8 (23%) 6 (17%) 1 (3%) 1 (3%) 
Africa 1 (3%) 1 (3%) - - 
Multi-continental 3 (9%) 3 (9%) - - 
 
Table 4. Theme and sub-themes 
Theme Sub-theme 
Resources Human resources [5, 10, 16, 25, 29-31, 33, 34, 36, 37, 39, 43-47, 50, 52] 

physical resources [5, 28, 40] 
Overcapacity suitable for CBRN disasters [2, 16, 30-32, 35, 39-42, 44, 50, 52] 
Financial resources [10, 25, 38-40, 47] 

Training and exercise Educational content [5, 16, 27, 31, 38, 40, 41, 43, 50-53] 
Teaching method [36, 44, 45, 51] 
Exercise [25, 28, 32, 34, 36-38, 48, 50, 53] 

Pollution control and treatment Decontamination [5, 16, 35, 41, 42] 
Prevention and treatment [38, 40, 50] 

Coordination Intersectoral coordination [26, 27, 30, 38]  
Intra sectoral coordination [27, 38] 

Assessment, planning, classification and 
guidelines 

Risk assessment [16, 39, 42, 48, 52]  
Evaluating the performance of the emergency response plan [5, 38, 48] 
Organizational programs and requirements [5, 16, 31, 33, 38, 40, 42] 
Guidelines [28, 32] 

Casualty management Detection [38, 40] 
Quick treatment of the patients and injured [5, 10, 16, 40, 41, 43, 50] 

Communication and information system Risk communication [25, 32, 49]  
Risk perception [34, 38, 45] 
Information management [35] 
Artificial intelligence [53] 

Construction ICS based on HazMat and CBRN incidents [2, 25, 26] 
Hospital management Obligation [42, 44, 52]  

Giving employees the right to choose [2, 33, 46] 
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Discussion 
Training and exercise are crucial factors in enhancing 
the preparedness of ED staff for HazMat and CBRN 
incidents. Recent studies emphasize the importance 
of well-trained ED staff responding appropriately to 
HazMat and CBRN events. Without effective training 
and exercise, ED staff lack the capacity for an 
adequate response [1, 54]. Physicians, nurses, and ED 
support staff are the three main groups that require 
training. Updated training guides are essential for 
enabling ED staff to respond appropriately to 
disasters [55]. Educational deficiencies in responding 
to nuclear/radiological disasters among emergency 
medical staff in the USA and the UK, as well as during 
the Ebola epidemic in East Africa, were evident [1, 56]. 
On the other hand, 66% of emergency physicians in 
Hong Kong reported having participated in CBRNE 
incident training, most of which was received within 
the past five years [33]. O'Sullivan et al. study on 
Canadian nurses shows that additional training and 
information are needed to enhance the preparedness 
of frontline healthcare workers, who are critical in 
responding to CBRN incidents. This study is 
consistent with Williams et al. study of British 
emergency room nurses [34, 35]. The reviewed articles 
and documents showed that more than 60% of 
articles addressed this topic, highlighting its 
importance and frequency as a factor affecting the 
preparedness of ED staff for HazMat and CBRN 
incidents [5, 16, 25, 27, 28, 31, 32, 34, 36-38, 40, 41, 43-45, 48, 50-53]. 
Coordination is one of the main challenges in 
disasters, especially in CBRN incidents. Hospital EDs 
must coordinate the mobilization of hospital 
resources during CBRN incidents [30]. HazMat and 
CBRN incidents are complex and successful 
management of this complexity results from the 
coordination of various functions both within and 
outside the hospital [38]. Sharififar et al. identified 
coordination as one of the key factors influencing 
hospital response to biological disasters, and 
Teymouri et al. emphasized coordination and 
communication as key challenges in HazMat and 
CBRN incidents [30, 38]. Regarding coordination, the 
Iranian healthcare system and hospitals scored an 
average rating in response to the COVID-19 pandemic 
[57]. Coordination with external organizations 
(responders and supporters) and establishing 
memorandums of understanding and cooperation 
plans with other hospitals and local and national 
centers can improve the management of HazMat and 
CBRN incidents. These incidents require the 
coordination of many aspects, such as PPE and 
decontamination. 
Full-scale coordination may sometimes be 
challenging and disruptive for the hospital ED. To 
address this, emergency preparedness planning for 
major incidents should focus on key areas [58]. 
Evaluation, planning, classification of actions and the 
presence of specific guidelines are other key 

elements that influence the preparedness of ED staff 
in responding to HazMat and CBRN incidents. 
According to study results, only 31% of nuclear EDs 
in Japan had predicted and assessed 
nuclear/radiological incidents [39]. Without risk 
assessment, prioritizing risk reduction measures can 
lead to resource loss and parallel efforts [38]. 
In Razak et al.'s studies and NATO guidelines, was 
mentioned that without planning, the emergency 
response of departments to HazMat and CBRN 
incidents will be limited. Planning for HazMat and 
CBRN response preparedness, as well as training 
programs, should be considered at three 
organizational, technological and individual levels, as 
well as in short, medium and long-term durations [2, 

52].  
Physicians and nurses in the EDs of hospitals in three 
US states identified the lack of specific guidelines for 
nuclear/radiological threats as a significant factor in 
reducing preparedness to respond to such incidents 
[7]. Also, classification and division of actions against 
CBRN incidents into different phases will enhance 
staff preparedness for an effective response [28]. This 
study showed that more than 50% of the studies 
emphasized the need for assessment, planning, 
classification, and guidelines in preparing ED staff.  
Based on the data analysis results, human resources, 
physical resources, financial resources, and 
appropriate capacity for CBRN disasters were 
subsets under the category of resources [2, 5, 10, 16, 25, 29-

37, 40, 42-44, 50, 52]. The presence of essential 
competencies in ED staff, such as the ability to 
creatively solve and flexibly address incident 
problems, documentation skills, and forensic medical 
analysis results, as well as marital status, age, 
education, skills, and gender of ED staff, are effective 
in their preparedness for HazMat and CBRN incidents 
[5, 31, 33, 34, 39, 42, 43, 47, 50, 52]. 
Mortelmans et al.'s studies showed that financial 
resource shortages were a major barrier to achieving 
hospital staff preparedness in responding to CBRN 
incidents; Therefore, it is essential to allocate 
appropriate physical and human resources to handle 
such incidents [59]. Budgetary strategies for 
preparedness should be prioritized and logically 
reviewed [60]. 
 

The results of the evaluation study of the 
preparedness of 93 hospital EDs in the Netherlands 
to cope with CBRN incidents showed that only 40% 
of them had decontamination facilities and 32% had 
appropriate PPE [40]. Therefore, facilities for staff to 
work in HazMat and CBRN incident conditions, such 
as access to vaccination, PPE, childcare, etc., should 
be considered. 
 

The presence of a Hospital Incident Command 
System (HICS) based on HazMat and CBRN incidents 
was one of the derived factors in this study. HICS 
leads to a systematic approach to preparedness and 
response to incidents in hospitals. It also enables 
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unified and integrated command in dealing with 
HazMat and CBRN incidents and provides a structure 
that improves coordination, control and supervision 
of staff, operations, planning, support and other 
essential functions for incident management. The 
hospital incident command system clearly defines 
responsibilities to ensure an appropriate response to 
incidents [2, 26, 61]. Anbari et al. point out in their study 
that the use of HICS is part of an appropriate response 
to CBRN incidents in confirmation of this, the NATO 
guidelines also mention the importance of a joint 
incident command system and incident 
organizational structure in increasing the readiness 
of first responders in CBRN incidents [52, 62]. In a study 
by Sharififar et al., participants identified HICS as an 
effective factor in responding to biological incidents 
[38]. 
Different levels of concern and risk perception will 
affect the willingness of ED staff to cooperate during 
HazMat and CBRN incidents [45]. Due to fear and 
unfamiliarity with nuclear/radiological incidents and 
emerging infectious disease epidemics, risk 
perception for emergency responders in Australia 
varied with the nature of the incident [63]. The study 
of Sharififar et al. shows that risk perception is highly 
effective in enhancing hospital staff's preparedness 
for infectious disasters [26], As Farhat et al.'s study in 
Saudi Arabia showed, all responding physicians and 
nurses were highly concerned about responding to a 
Crimean Congo Hemorrhagic Fever (CCHF), hence 
adhering to strict infection control measures [53]. 
Nurses' attitudes toward risk perception are 
influenced by individual and organizational factors 
such as gender, past experiences and exposure to 
colleague violence [64]. Employment region also 
affects ED staff's risk perception [34]. Transparent 
communication to increase risk perception and 
communication are effective factors in ED staff 
preparedness during HazMat and CBRN incidents [10, 

38]. During such incidents, communications and 
information are the most important risk 
management tools in the healthcare system. Effective 
communication reduces response time during 
emergencies [26] and having a process for verifying 
news from the emergency operations center and 
announcing new disease or incident cases will be 
effective in increasing ED staff preparedness [25].  
Recently, a study supported the impact of artificial 
intelligence in increasing the level of preparedness of 
staff against nuclear accidents. Virtual learning 
environments based on artificial intelligence, 
including virtual and augmented reality, are excellent 
learning environments because they help simulate an 
unexpected modeled situation with minimal cost and 
no risk [53]. 
According to study results, hospital management's 
commitment to prioritizing the safety and health of 
employees and creating a dynamic and capable 
environment in the hospital setting is particularly 
important in ED staff preparedness [44]. Maintaining a 

healthy and high-quality workforce in hospitals 
through continuous training in safety principles, 
continuous monitoring of employees' physical and 
mental health, financial incentives, providing suitable 
spaces for rest and meals for employees, and 
providing appropriate PPE against HazMat and CBRN 
incidents are good management practices aimed at 
increasing ED staff preparedness [65]. The results of 
this study showed that approximately 20% of the 
articles emphasized the importance of this category 
in ED staff preparedness. 
Several studies have emphasized the importance of 
effective decontamination in emergencies [5, 16, 35, 41, 

42]. HazMat and CBRN incidents often result in 
multiple casualties, so the possibility of 
contamination of ED staff is always a concern [5]. 
When providing services to patients exposed to 
HazMat and CBRN agents, the first priority is to 
protect the staff. Secondary contamination can have 
immediate or long-term health effects on first 
responders, potentially incapacitating them from 
direct patient care immediately after the incident or 
even leading to delayed effects [66]. Li et al. and 
Mortelmans et al. said decontamination in mass 
casualty incidents is less prioritized, but 
decontamination in HazMat and CBRN incidents 
differs from normal conditions. In biological 
incidents, implementing individual and mass 
quarantine is of paramount importance to prevent 
hospital staff contamination and protect their health 
[40, 67]. When victims of nuclear/radiological incidents 
are transferred to hospitals, decontamination 
infrastructure must be established in the ED to 
prevent secondary contamination of ED staff. 
Decontamination of victims should commence 
promptly [16, 68]. A study in EDs of 138 Belgian 
hospitals showed that only 11% of hospitals have 
decontamination facilities for CBRN casualties at the 
ED entrance [59]. Standard operational procedures for 
decontaminating casualties, disposing of 
contaminated clothing and preventing entry of 
contaminated wastewater from washing casualties 
into municipal sewage should be in place, but 
unfortunately, such standard operational procedures 
are sometimes lacking [5]. 
The Japan Tsunami and Hurricane Katrina 
demonstrated the necessity of infection control 
measures to prevent the spread of secondary 
diseases after disasters [50]. Strategic and preventive 
infection control measures and programs such as 
hand hygiene, appropriate PPE use and 
environmental disinfection can improve ED staff 
preparedness in response to biological disasters [10, 

50]. Access to various drugs and vaccines will enhance 
the safety, health and preparedness of ED staff [38, 40]. 
However, hospitals usually do not stock essential 
drugs and antibiotics due to high costs and risk 
assessment results indicating the low probability of 
HazMat and CBRN incidents [59]. The casualty 
management category, determined by content 
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analysis of articles, includes the subcategory of rapid 
diagnosis and intervention for patients/victims [5, 10, 

38, 40, 41, 43, 50]. The ability to quickly diagnose CBRN 
agents and promptly intervene with patients/victims 
in these incidents is crucial for preventing further 
disease development and maintaining the health of 
both responders and patients [69]. A study showed 
that emergency nurses' willingness to promptly 
intervene with patients/victims of HazMat and CBRN 
incidents largely depends on their clinical 
competency [10]. 
Our study's limitations include the lack of uniform 
methodology among similar studies. The majority of 
the data used in this study was retrospective event-
based data which can be considered to jeopardise the 
scientific quality and validity of findings. 
Additionally, excluding articles published before 
2005 the failure to review articles in languages (other 
than Persian and English) and the inability to access 
the full text of some articles may have resulted in an 
incomplete and restricted review. Potential biases 
may also have been introduced during thematic 
coding. This study was designed and conducted 
solely to investigate the factors influencing the 
preparedness of ED Staff in response to HazMat and 
CBRN incidents. The researchers recommend that, in 
the future, a tool be developed to assess the 
preparedness of hospital emergency personnel for 
such incidents. A systematic review of studies 
published after 2024 should also be conducted, 
incorporating articles published in languages (other 
than English/Persian). ED staff play a vital role in 
responding to HazMat and CBRN incidents. 
Therefore, policies, programs, coordination efforts, 
budgets, and other necessary measures are strongly 
recommended to increase ED staff preparedness 
against HazMat and CBRN incidents. Financial 
resources and budget allocation significantly 
increase ED preparedness in response to HazMat and 
CBRN incidents. These incidents pose challenges for 
developing countries and necessitate international 
assistance, as seen in the COVID-19 pandemic with 
vaccine and PPE aid. By fostering a positive attitude 
and increasing ED staff confidence through planning 
and training, ED staff's preparedness to respond to 
such incidents improves. In addition to known 
challenges, ED staff preparedness faces obstacles, 
uncertainties, and inconsistencies that require 
attention. 

 
Conclusion 
The preparedness of emergency department staff to 
respond to HazMat and Chemical, Biological, 
Radiological, and Nuclear incidents is limited. Each of 
the nine identified categories and their subcategories 
requires careful implementation and upgrading in 
alignment.  
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