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Abstract

Purpose: The accidental orintentional release of CBRN (Chemical, Biological, Radiological, Nuclear) substances
into the environment causes significant loss of life and property and has adverse effects over a long time. This
study was planned to raise awareness about protection from CBRN hazards and emergency aid practices, to
create CBRN awareness, and to determine the knowledge level of healthcare professionals.

Materials and methods: After reviewing the literature and regulations, the questionnaire was prepared based
on the training module on "Emergency Assistance in Chemical, Biological, Radiation, and Nuclear Hazards"
for Emergency Health Services published by the Republic of Tirkiye Ministry of National Education. The
questionnaire was asked to participants before and after 10 hours of theoretical CBRN training, and the results
were compared.

Results: The participants were 58.4% female, 41.6% male, and the average age was 38. Most participants
were doctors or nurses, and approximately three-quarters of the participants were emergency service staff.
35.6% of them had been working in the emergency department for 1-5 years. 61.4% had not received CBRN
training, and 84.2% thought they needed sufficient knowledge and experience. 77.2% had not experienced
any CBRN incident nor performed any intervention for CBRN. When the 22 questions asked about the level of
CBRN knowledge were evaluated, it was seen that the correct answer rate was above 50% in seven questions
of 22 and was above 50% in all questions in the post-test applied after the training. Their level of knowledge was
found to be low before CBRN training and good after training.

Conclusion: Theoretical training has a significant positive impact on creating CBRN awareness.
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Oz

Amag: KBRN (Kimyasal, Biyolojik, Radyolojik, Nikleer) maddelerin kaza ile veya kasith olarak gevreye
yayillmasi énemli can ve mal kayiplarina yol agmakta ayrica uzun bir zaman dilimi boyunca olumsuz etkiler
dogurmaktadir. KBRN tehlikelerinden korunma ve acil yardim uygulamalari ile ilgili farkindalik yaratmak, KBRN
bilinci olusturmak, bilgi diizeylerini tespit etmek amaciyla planlanmistir.

Gereg ve yontem: Literatlir ve yonetmelikler incelendikten sonra, Tlrkiye Cumhuriyeti Milli Egitim Bakanligi
tarafindan yayinlanan Acil Saglik Hizmetleri icin "Kimyasal, Biyolojik, Radyasyon ve Nikleer Tehlikelerde Acil
Yardim" konulu egitim modulu temel alinarak anket hazirlanmistir. Anket, katilimcilara toplam 10 saatlik teorik
KBRN egitiminden 6nce ve sonra sorulmus ve sonuglar karsilastiriimistir.

Bulgular: Katilimcilarin %58,4'U kadin, %41,6'sI erkek ve yas ortalamasi 38'dir. Katimcilarin cogu doktor veya
hemsireydi ve katilimcilarin yaklasik dortte Ggl acil servis personeliydi. Katilimcilarin %35,6's1 1-5 yildir acil
serviste calismaktadir. 61,4'0 KBRN egitimi almamisti ve %84,2'si KBRN konusunda yeterli bilgi ve deneyime
sahip olmalari gerektigini distnuyordu. 77,2'si herhangi bir KBRN olayi yasamamis ve KBRN'ye ydnelik
herhangi bir miidahalede bulunmamistir. KBRN bilgi diizeyi ile ilgili sorulan 22 soru degerlendirildiginde, egitim
Oncesi 7 soruda dogru cevap oraninin %50'nin Uzerinde oldugu, egitim sonrasi uygulanan son testte ise tim
sorularda %50'nin Uzerinde oldugu goértlmus, KBRN egitimi éncesi bilgi dizeylerinin dusuk, egitim sonrasi ise
iyi oldugu tespit edilmistir.

Sonug: KBRN bilinci olusturmak igin teorik gergeklestirilen egitimin anlamli diizeyde olumlu etkisi oldugu
belirlenmistir.

Anahtar kelimeler: KBRN, saglik bilgisi, tutumlar, uygulama, farkindalik.
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Introduction

As well as being used in many areas of
daily life, especially in industry, medicine
and scientific research, chemical, biological,
radioactive and nuclear (CBRN) substances are
also used as an instrument of war [1]. CBRN
incidents are defined as events caused by the
intentional or accidental release of chemical,
biological, radioactive and nuclear substances,
causing harmful and dangerous situations for
humans and the environment [2]. Uncontrolled
dispersal of CBRN agents through natural
disasters, accidents and terrorist activities by
humans, nature or technological sources poses
great risks for the environment and humans.
CBRN incidents can injure or even cause the
death of many people if they do not receive
urgent medical attention [1]. CBRN events have
significantly affected the environment, climate,
human life and social order in history. People
are exposed to CBRN events and substances
through industrial accidents such as the 2011
Fukushima Daiichi nuclear disaster, the 1986
Chernobyl disaster, the 1989 Exxon Valdez
Oil spill; through wars such as the 1991 Gulf
War, the 1945 atomic bombing of Hiroshima
and Nagasaki, the use of mustard gas and tear
gas during World War I; or terrorism events
such as the 2001 US Anthrax attacks, the 1995
Tokyo sarin attacks. The Chernobyl accident
was the most significant nuclear accident, and
the Thrace and Eastern Black Sea regions
were the most affected regions in our country.

The 1979 collision between a tanker
and a dry cargo ship in the Bosphorus Strait
in Istanbul, which resulted in the explosion of
a tanker carrying 100 thousand tons of crude
oil and causing damage to thousands of homes
and businesses in the Bosphorus, the leakage
of 6400 tons of Acrylonitrile during the 1999
Marmara earthquake, the 1986 explosion at
the Kirikkale MCI (Mechanical and Chemical
Industry) corporation factory, and the explosion
and fire caused by LPG cylinders in the Industrial
Region of Ankara in 2011 are the CBRN
incidents that have occurred in our country.

As a result of technological developments,
rapid industrialization, an increase in
weaponization, and developments in the
industry, the production and availability of
CBRN agents have increased and become
more accessible. Inadequate knowledge, use
and control of CBRN agents have brought
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the danger to the highest level today [3]. The
geographical location of our country, being on
the international transportation route and being
surrounded by seas on three sides, nuclear
facilities in surrounding countries, irregular
urbanization, and industrialization increase the
risk for our country [3]. The “Regulation No.
3033 on Chemical, Biological, Radiological,
Nuclear (CBRN) Threats and Hazards” was
published in 2020 to prevent or minimize the
damage that may occur to human health and
the environment in the event of any chemical,
biological, radiological, nuclear threats and
hazards that may occur in Tlrkiye or other
countries. The responsibilities of the institutions
and organizations that will take part in CBRN
threats and hazards before, during, and after
the incident are clearly defined by this regulation
[4].

CBRN incidents are challenging and time-
consuming events that require the cooperation
of relevant institutions and organizations [3,
5]. The main task of healthcare personnel in
CBRN incidents is to protect the injured people
from the harmful effects of CBRN agents, to
perform triage, first aid and decontamination,
reporting, quarantine applications, advanced
diagnosis, and treatment procedures [6, 7].
Healthcare organizations must determine the
principles of healthcare services to be provided
in these extraordinary events within the scope
of the “Hospital Disaster Plan (HDP),” specially
developed according to their organization. After
an emergency, the affected community needs
emergency intervention and long-term health
services. It will lose functionality if the hospital
staff is not prepared and trained and cannot
perform medical intervention by providing the
necessary occupational health and safety
conditions. In order to develop the necessary
knowledge, behaviors, and attitudes in the face
of these events, training of hospital staff and
testing of training through practices are of great
importance [7].

The aim of this study was to determine
the level of knowledge and awareness of
healthcare workers working in the emergency
service in our institution about protection from
CBRN threats and hazards and emergency aid
practices and to compare the level of knowledge
before and after the training, and to evaluate
the effectiveness of the training about CBRN
awareness training.
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Materials and methods

This descriptive study was planned to
investigate the knowledge levels and awareness
ofhealthcare personnelworkingintheemergency
service of our hospital about protection from
chemical, biological, radiation, and nuclear
hazards and emergency aid practices. The
ethics committee approval was obtained
from Health Sciences University, Ankara, Dr.
Abdurrahman Yurtarslan Oncology Training
and Research Hospital. The questionnaire
method was used for data collection. After
reviewing the literature and regulations, the
questionnaire was prepared based on the
training module on “Emergency Assistance in
Chemical, Biological, Radiation, and Nuclear
Hazards” for Emergency Health Services
published by the Republic of Turkiye Ministry
of National Education [3]. A total of 10 hours of
theoretical CBRN awareness training was given
on CBRN introduction, personal protection from
CBRN hazards (warning and alarm signs, PPE
features and use, protection levels), chemical
hazards, scene, front of hospital organization
and triage in CBRN exposure, decontamination,
biological agents, radiation and nuclear hazards,
hospital organization in line with the HDP plan
of our hospital. The questionnaire form, which
consists of multiple-choice questions, was
applied face-to-face before and after training
to measure and evaluate the training module.
The first section consisted of five questions
about the sociodemographic characteristics of
the participants, the second section consisted
of three questions about CBRN training status,
self-assessment of knowledge and skills, and
history of experiencing an incident, and the third
section consisted of twenty-two multiple-choice
questions to assess the level of knowledge
about CBRN. Correct answers were given a “1”
point. In the third question, four questions were
asked about CBRN risk perception, and they
were asked to answer correctly or incorrectly.
A total CBRN knowledge score was calculated
by giving 1 point for each correct answer. Out of
a total of 25 points; for the level of knowledge;
0-8 points were classified as low, 9-16 points
as moderate, and 17-22 points as good.
Participants who did not participate in CBRN
awareness training and answered the survey
questions incompletely were excluded from the
study. One hundred and one health personnel
participating in CBRN awareness training

working in the emergency service completed
the study.

Statistical analysis

The data were analyzed with SPSS 25.0
(IBM Co®. USA). The Kolmogorov-Smirnov
test was used to determine normal distribution.
Categorical data are presented as numbers
and percentages (%). Numerical variables
not normally distributed are shown as the
median and interquartile range (IQR: 25th-75th
percentile). Wilcoxon signed-rank test was used
to compare the pre-and post-training knowledge
level questionnaire results. Mann Whitney U
and Kruskal Wallis tests were used to compare
the pre-and post-training questionnaire results
according to gender, duty, place, and task
duration.

Results

Of the participants, 58.4% were female,
41.6% were male, and the median age was 38.
Most of the participants were doctors or nurses.
Approximately three-quarters of the participants
were staff of the emergency service. 35.6%
of them had been working in the emergency
department for 1-5 years. The demographic
characteristics of the participants are given in
Table 1.

61.4% of the participants had not received
CBRN training, and 84.2% thought they needed
more knowledge and experience. 77.2% had not
experienced any CBRN incident nor performed
any intervention for CBRN (Table 2).

When the 22 questions asked about the
level of CBRN knowledge were evaluated, it
was seen that the correct answer rates were
above 50% in a total of seven questions in the
pretest about knowledge of the CBRN codes,
risk perception, institutions and organizations
concerned with CBRN, danger warning signs,
precautions that should be taken in the hospital
in case of CBRN exposure, the route of entry
of biological agents into the body and the most
potent toxin, and radiation beams. However,
their level of knowledge could have been higher
in general evaluation. The correct answer rates
were above 50% in all questions in the post-test
applied after the training, and their knowledge
levels were found to be good in the general
evaluation (Table 3).
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Table 1. The demographic characteristics of the participants

N/% Median
(IQR: 25"-75" percentile)

Age 38.0 (27.0-45.0)
Gender Female 59 (58.4)

Male 42 (41.6)
Duty Doctor 47 (46.5)

Nurse 41 (40.6)

EMT 6 (5.9)

Health officer 7 (6.9)
Place of duty Emergency service 74 (73.3)

Family medicine 27 (26.7)
Duration of duty 1-5 years 36 (35.6)

6-10 years 2 (11.9)

11-15 years 2 (11.9)

16-20 years 9 (8.9)

21-25 years 16 (15.8)

25 years and above 16 (15.8)

IQR: Interquartile range, EMT: Emergency medicine technician

Table 2. Questioning of the self-assessment of the knowledge and skills of the participants on
Chemical Biological Radiological Nuclear Threats and the history of experiencing an incident (N=101)

Have you received CBRN training? Yes 9 (38.6)

No 2 (61.4)
Do you think you have sufficient knowledge and Yes 6 (15.8)
skill level about CBRN as a healthcare professional? No 85 (84.2)
Have you experienced and/or intervened in any Yes. | have, but | have not had any intervention 11 (10.9)
CBRN incident in your occupational life? Yes. | have and | have an intervention 2(11.9)

No. | have not 8(77.2)

CBRN: Chemical Biological Radiological Nuclear Threat

Table 3. Questionnaire questions and correct response rates for the evaluation of the participants’
level of knowledge about Chemical Biological Radiological and Nuclear Threats (N=101)

Pre-test Post-test

Number and percentage of
correct answers (N/%)

1. In case of a CBRN incident which code is prescribed by the 68 (67.3) 102 (100)
head of the HDP in the hospital?

2. In which of the following areas of the scene of CBRN is the 33 (32.7) 98 (96.1)
healthcare professional assigned?

3. Which of the following are included in the definition of

CBRN? (For each item it was asked to express as true or false)

a. Use of dangerous and epidemic bacteria, viruses, and 82 (81.2) 102 (100)
toxins as biological weapons

b. Nuclear station accidents 90 (89.1) 102 (100)
c. Tanker, truck, train, and ship accidents during transportation 87 (86.1) 102 (100)

of chemicals
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Table 3. Questionnaire questions and correct response rates for the evaluation of the participants’
level of knowledge about Chemical Biological Radiological and Nuclear Threats (N=101) (continued)

Pre-test Post-test

Number and percentage of
correct answers (N/%)

d. The technological accidents in scientific or industrial rese- 73 (72.3) 102 (100)
arch laboratories
4, Which of the following is one of the institutions and organi- 68 (67.3) 99 (97.1)

zations in our country concerning CBRN?

5. Hazard warning and alarm systems have been established 76 (75.2) 98 (96.1)
to warn the public against danger and to ensure that necessary pre-

cautions are taken; which of the following statements about hazard

warnings is incorrect?

6. The level of protection in CBRN incidents varies according 29 (28.7) 83 (81.4)
to the hazard encountered; which of the following is applied when

the highest level of protection of respiration and lower level of skin

protection is required?

7. Which of the following is the level of protection used by the 24 (23.8) 80 (78.4)
healthcare professional in the decontamination area?

8. Which of the following is the level of protection used by 26 (25.7) 92 (90.2)
healthcare professionals in the area of low pollution?

9. Which of the following statements about decontamination 20 (19.8) 81 (79.4)
is incorrect?

10. Which of the following statements about decontamination 12 (11.9) 86 (84.3)
is incorrect?

1. Which of the following is not one of the precautions that 64 (63.4) 100 (98.0)
should be required in a hospital following CBRN exposure?

12. Which of the following should be applied for exposure to 44 (43.6) 98 (96.1)
nerve agents?

13. Which of the following chemical warfare agents is used as a 42 (41.6) 89 (87.3)
nerve agent?

14. Which of the following is not one of the physiological effe- 28 (27.7) 54 (5.9)
cts of anesthetic gases?

15. Which of the following is the most effective route of entry 74 (73.3) 94 (92.2)
for biological agents to achieve their goals?

16. Which of the following is the most potent toxin in the wor- 59 (58.4) 96 (94.1)
Id?

17. Which level of protection is sufficient in case of exposure to 26 (25.7) 82 (80.4)
biological agents?

18. Which of the following is not one of the viral agents used as 49 (48.5) 94 (92.2)
a biological agent?

19. Which of the following is the leading cause of radiation da- 30 (29.7) 84 (82.4)
mage?

20. Which of the following organs is not resistant to radiation? 36 (35.6) 80 (78.4)
21. Which of the following statements about radiation beams is 52 (51.5) 79 (77.5)
incorrect?

22. Which of the following is the form of very high dose expo- 21(20.8) 52 (51.0)

sure in acute radiation syndrome?
CBRN: Chemical Biological Radiological Nuclear Threat
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When the pre and post-training test results
over a total of 25 points were compared, the
median score was 11.0 (8.8-13.0) before
and 20.0 (18.0-22.0) after the training, and
a significant difference was found between
the two results (p<0.001). There was no
difference in CBRN knowledge level score
before and after the training according to
gender (p=0.504 and p=0.414, respectively).
Again, no significant difference was found in the
CBRN questionnaire scores of the participants
before and after the training according to their
duties (p=0.896, p=0.327). While there was
no significant difference between the pre-
training CBRN scores of those working in the
emergency department and family medicine
(p=0.807), the CBRN scores of emergency
service personnel were found to be higher in
the post-training questionnaire (p=0.029). There
was no significant difference in pre- and post-
training CBRN knowledge scores according
to the duration of duty (p=0.051 and p=0.380,
respectively).

Discussion

In this study conducted to evaluate the level
of CBRN knowledge and the effectiveness of the
training, 58.4% of the participants were female,
41.6% were male, and the mean age was 38
years. The male-female ratio and median age
were consistent with similar studies [8, 9].
There was no significant difference in the CBRN
knowledge level scores of the participants before
the training regarding gender and duty. Gurler et
al. [9] and Ayvazoglu et al. [10] found that CBRN
knowledge levels did not differ significantly
according to gender in their studies. In the study
of Dincer and Kumru [11], which investigated the
preparedness of health personnel for disasters
and emergencies, it was found that gender did
not cause a significant difference in readiness
for disasters and emergencies. The findings
obtained from this study are in parallel with the
results in the literature.

In this study, 38.6% of the participants stated
that they had received CBRN training before.
Dénmez [12] said that 38.2% of the participants
received CBRN training in the study conducted
with emergency medical personnel, and Kaynak
[13] stated that 54.7% of the participants
received basic CBRN training in 2020. Oner
[14] reported that 46.9% of the participants
received CBRN training in the thesis study to
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determine the level of knowledge about CBRN
of family physicians and 112 emergency and
first aid healthcare personnel. So, the rate of
CBRN training in this study is similar to previous
studies.

84.2% of the participants in this study
thought that they needed more knowledge
and experience on CBRN. 77.2% had not
experienced any CBRN incident nor practiced
any intervention. In the study of Glneng [15],
75.6% of the participants reported that they had
not experienced a CBRN incident. Similarly,
Eyison etal.[1] found that most of the participants
had not experienced a CBRN incident. The cold
area at the scene of CBRN exposure is the clean
area that has never been affected by the event.
It is the location of healthcare personnel with
personal protective equipment and ambulances.
In our study, for the question about basic CBRN
knowledge level, “The code given by the head
of the HDP; code orange,” the correct answer
ratio was 67.3%, and the correct answer ratio to
the question “In which area do health personnel
work at the CBRN incident site; cold area” is
32.7%. There are limited studies in the literature
on CBRN preparedness and knowledge level of
hospitals and emergency services, and there is
no study that we can compare the findings of
our research.

For the question “Evaluate the given
events in terms of CBRN events,” 81.2% of
the participants thought that bacteria, viruses,
and toxins that are the agents of dangerous
and epidemic diseases could be used as
biological warfare agents, 89.1%, 86.1%,
and 72.3% thought nuclear station accidents,
transportation of chemical CBRN agents
and technological accidents in scientific or
industrial research laboratories pose CBRN
risk, respectively. It was observed that there
was no significant difference in the CBRN risk
perception of the participants in terms of age,
gender, duty period, and occupational groups
and that their risk perception was high. In
the study by Kaynak [13] in 2020, the correct
answer rates for similar statements ranged
between 64-96%. The correct answer rates are
over 50% in the questions about the institutions
and organizations concerning CBRN and
hazard warning signs in our country. The most
critical step in approaching CBRN incidents is
decontamination and using PPE. In our study,
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the correct answer rates to the 6th, 7th, and 8th
questions about protection levels were 28.7%,
23.7%, and 25.7%, respectively. We have not
encountered a study in the literature to compare
the results of this study. The correct answer
rates of the participants to the 9th, 10th, and
11th questions about decontamination were
19.8%, 11.9%, and 63.4%. The knowledge
level of the participants about decontamination
and methods is found to be low. In his study
conducted on emergency service personnel,
Glneng [15] found that the rates of correct
answers to the abovementioned questions were
53%, 70%, and 65%, respectively. The high
knowledge rates in this study may be due to the
study population, and the participants may have
had more CBRN training.

The rates of correct answers for questions
12, 13, and 14 about the symptoms and signs
that can be seen after exposure to chemical
agents are 43.6%, 41.6%, and 27.7%. In the
study of Kaynak [13], the correct response rate
of the participants to the question “Atropine is
administered in CBRN cases exposed to nerve
agents,” which is similar to the 12th question
of this study, was 44%, in accordance with
this study. These studies show that especially
the healthcare personnel involved in CBRN
incidents were aware of the CBRN hazard, but
the knowledge of the medical approaches still
needs improvement.

The correct response rates of the participants
to questions 15, 16, 17, and 18 about biological
agents, the most effective route of entry into
the body, and levels of protection were 73.3%,
58.4%, 25.7%, and 48.5%, respectively. In
the study of Demirag et al. [16], the correct
response rate to the question “C level protection
is applied with type C clothing in biological agent
exposure” was found to be 44.5%, and 96.3% of
the students answered the question about the
ways of entry of biological agents into the body
correctly. In the study conducted by Glineng
[15], 91% of the students had the correct answer
to the question “What are the routes of entry
of biological agents into the body?” and 67%
of the students had the correct answer to the
question “Clostridium botulinum is the strongest
known toxin.” Our findings are similar to the
studies mentioned above. However, the correct
answer rate was found to be low in the question
about the level of protection. As observed in

the COVID-19 pandemic, healthcare personnel
who intervene in CBRN incidents should wear
PPE and have knowledge and skills about PPE
because they are at high risk [17, 18].

The level of knowledge of the participants
about radiation beams and their properties,
affected organ structures, and acute radiation
syndrome was evaluated in the 19th, 20th,
21st, and 22nd questions. The correct answer
rates were 29.7%, 35.6%, 51.5%, and 20.8%.
The knowledge level of the participants is
considered to be low, but there is no comparable
data in the literature. In this study, it was found
that the basic CBRN knowledge level of the
participants was low in the pre-test. Ayvazoglu
[10] found that the CBRN knowledge level
of state hospital personnel and university
students was intermediate in his study. In most
of the studies conducted in our country and
abroad, it has been observed that nurses have
inadequate knowledge about what to do about
CBRN threats and hazards, need training, and
are worried about themselves, their families,
and society [19] Woude et al. [20] also found
that basic education and training on CBRN
were lacking. Due to the lack of training, it was
stated that healthcare personnel had problems
with issues such as how to intervene in CBRN
situations. The findings obtained from the
literature and this study show that individuals
consisting of healthcare personnel have low
levels of CBRN knowledge.

The finding of a significant difference
between the results before and after the training
regarding the level of knowledge reveals the
importance of training. The post-training score
of those working in the emergency service was
higher than those working in family medicine.
This finding may be related to the fact that those
working in the emergency department show
more motivation for CBRN-related training
and have a higher rate of encountering CBRN
events. Gurler et al. [9] found that the pre-test
and post-test results were compared, and a
significant difference was found in knowledge
levels after the training. They emphasized
the importance of training programs to raise
awareness about basic first aid and CBRN in
their study and noted that the increased level
of knowledge as a result of the training would
prevent irreversible situations by intervening
in a possible event on time. Kako et al. [21]
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reported that scenario-based training models
could significantly contribute to increasing
the knowledge of emergency healthcare
personnel and closing the gap in this field.
Li et al. [5] emphasized that the challenges
and complexities of intervention in Nuclear,
Biological, and Chemical incidents should be
realized, and cooperation between national
security  agencies, military/local/regional,
health service providers, professional medical
communities, military and local communities
should be established as early as possible. It
was highlighted that coordination of intervention
to Nuclear, Biological, and Chemical incidents
should be established, practical training
and exercises should be conducted, and a
continuous and integrated response system
should be conducted.

As a result, this study and other similar
studies indicate that training programs will
significantly contribute to improving knowledge
and skills. Therefore, intra-institutional CBRN
coordination should be developed, and
knowledge and awareness should be increased
through repeated training and drills.

Conflict of interest: No conflict of interest was
declared by the author.
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