
August 2017 | Volume 5 | Article 2021

Original research
published: 18 August 2017

doi: 10.3389/fpubh.2017.00202

Frontiers in Public Health | www.frontiersin.org

Edited by: 
Steven Joseph Phillips,  

National Institutes of Health,  
United States

Reviewed by: 
Sofia Kottou,  

National and Kapodistrian University 
of Athens, Greece  

Leonard Cole,  
Rutgers Medical School,  

United States  
Pertti Juhani Hakkinen,  

United States National Library of 
Medicine (NIH), United States

*Correspondence:
Cham E. Dallas  

cdallas@uga.edu

Specialty section: 
This article was submitted to Disaster 

and Emergency Medicine,  
a section of the journal  

Frontiers in Public Health

Received: 26 April 2017
Accepted: 24 July 2017

Published: 18 August 2017

Citation: 
Dallas CE, Klein KR, Lehman T, 

Kodama T, Harris CA and 
Swienton RE (2017) Readiness  

for Radiological and Nuclear  
Events among Emergency  

Medical Personnel.  
Front. Public Health 5:202.  

doi: 10.3389/fpubh.2017.00202

readiness for radiological and 
nuclear events among emergency 
Medical Personnel
Cham E. Dallas1*, Kelly R. Klein2, Thomas Lehman2, Takamitsu Kodama2,  
Curtis Andrew Harris1 and Raymond E. Swienton2

1 Institute for Disaster Management, University of Georgia, Athens, GA, United States, 2 University of Texas Southwestern 
Medical Center, Dallas, TX, United States

Background: Among medical providers, even though radiological and nuclear events 
are recognized as credible threats, there is a lack of knowledge and fear about the 
medical consequences among medical personnel which could significantly affect the 
treatment of patients injured and/or contaminated in such scenarios. This study was 
conducted to evaluate the relative knowledge, willingness to respond, and familiarity with 
nuclear/radiological contamination risks among U.S. and Japanese emergency medical 
personnel.

Methods: An institutional review board-approved anonymous paper survey was distrib-
uted at various medical and disaster conferences and medicine courses in Japan and 
in the U.S. The surveys were written in Japanese and English and collected information 
on the following four categories: generalized demographics, willingness to manage, 
knowledge of disaster systems, and contamination risks.

results: A total of 418 surveys were completed and collected. Demographics showed 
that physicians and prehospital responders were the prevalent survey responders. The 
majority of responders, despite self-professed disaster training, were still very uncom-
fortable with and unaware how to respond to a radiological/nuclear event.

conclusion: Despite some educational coverage in courses and a limited number of 
disaster events, it is concluded that there is a lack of comfort and knowledge regarding 
nuclear and radiological events among the medical community. It is recommended that 
considerable development and subsequent distribution is needed to better educate and 
prepare the medical community for inevitable upcoming radiological/nuclear events.

Keywords: radiation, radiological, nuclear warfare, emergency medical services, risk assessment

inTrODUcTiOn

In the disaster community, born out by recent events such as the Fukushima nuclear power plant 
incident, there is an increasingly recognized concern that emergency medical personnel will have 
to care for patients injured or contaminated by radioactive material in the aftermath of a nuclear or 
radiological event (1). Along with this concern is the widespread perception that clinicians are not 
properly educated and trained for radiological and nuclear events; and in many cases, the clinicians 
do not have the confidence, or the knowledge, in existing response and treatment protocols in the 
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event of the need for a radiological response (2). Indeed, it has 
been noted that in the case of a potential nuclear attack, there 
is a sense of nihilism concerning the effectiveness of a medical 
response to the extent that civilian medical response planning is 
limited (3).

Despite perceived deficiencies in planning and preparedness 
for nuclear and radiological events, there is recognition that 
these events are increasingly likely to occur (4–6). Nuclear power 
accidents and nuclear detonations have resulted in mega mass 
casualty events with devastating acute and long-term injuries 
(7). Indeed, the Chernobyl nuclear accident produced the largest 
number of documented radioactively contaminated casualties, 
including scores of deaths (8). However, the major concern is for 
future intentional releases of radiological materials, including 
surveys of expert panels that have identified terrorism involving 
radioactive materials as one of the most likely threats for the U.S. 
(2, 9). With increasing international tensions and the consistent 
proliferation of nuclear weapons in less-stable states, the potential 
for the devastating impact of nuclear weapons makes an under-
standing of the medical consequences of radiological and nuclear 
events even more strikingly important (5, 10).

Surveys of medical personnel in recent years have indicated a 
concern for the level of preparedness for various components of 
weapons of mass destruction, as they are outside of normal prac-
tice experience. Most of these studies have dealt with concerns for 
biological or chemical agents, with definitive deficiencies identi-
fied, particularly reluctance of medical personnel to participate in 
the midst of the crisis (11–13). Relatively few studies have dealt 
with these issues with radiological agents, and those that have 
been conducted definitively indicate a need for further investiga-
tion due to fear and lack of knowledge (2, 14).

MaTerials anD MeThODs

The current investigation involved an institutional review board 
(IRB)-approved survey (Figure  1) disseminated to hundreds 
of emergency medical personnel to evaluate their clinical care 
knowledge regarding radiological exposure and/or injury. Specific 
perceptions such as willingness to practice during a radiological 
crisis, decontamination needs of patients, and risks of exposure 
to the medical provider were also queried. The written survey 
was administered in two languages, Japanese and English, and 
conducted in Japan and the U.S. The Japanese translation was 
provided by a Japanese medical provider who is fluent in English.

The conferences and courses were selected with the intent 
to best ensure participation of those medical personnel who 
actually respond clinically in emergencies. Anonymous paper 
surveys distributed at various Japanese and U.S. conferences and 
courses were collected from a total of 418 medical personnel who 
chose to fill out and return them. The survey was devised in a 
series of meetings by the authors with subject matter expertise 
in emergency medicine and toxicology and field experience in 
environmental radiation exposure. The resulting survey received 
IRB approval from the University of Texas Southwestern Medical 
School at Dallas. Confidentiality was maintained for all partici-
pants as the surveys did not have details of contact information 
and were gathered on mass, and none of them received payment 

or any other incentives to participate. The group conducting the 
survey is a part of the Nuclear Radiological Disaster Casualty 
Management (NRDCM) Workgroup. The stated goal of the 
NRDCM to the participants was “The NRDCM Global Initiative 
is a multi-national collaboration to improve our global and 
country-specific preparedness and response in managing the 
casualties from nuclear and radiological disasters. This initiative is 
focused upon identifying and improving the concepts, principles, 
and methods to prepare health professionals and the public for 
clinical management of casualties during nuclear and radiologi-
cal disasters and the resulting public health emergencies.”

resUlTs

Demographics
Demographic analysis of the 418 participants completing the sur-
vey identified that 60% of respondents were male and 40% were 
female. Of the respondents, 206 were Japanese and a small num-
ber of them were from other Asian countries (hereafter referred 
to as Japanese), and 212 were from the U.S. Approximately 1,200 
surveys were handed out, so that the response rate was about 
35%. A total of 0% of the participants were radiation specialists, 
6.5% were involved with public health primarily, 10.5% were  
EMS (paramedic/EMT), 21% were nurses, and 50.5% were physi-
cians of varying background. A total of 5% of the participants 
stated that they worked primarily in the radiation and/or nuclear 
science field (not medical). Additionally, 40% indicated that they 
have been involved in a disaster (36% Japanese and 44% U.S.), and 
33.5% had been affiliated with a disaster response team. There is a 
much greater affiliation of Japanese with these organized teams, at 
42.7%, than for the U.S. at 24.5%. In relation to actual emergency 
scene response experience, 40% have been to an emergency 
response scene (35.9% Japanese and 43.9% U.S.) and 66% were 
willing to be a part of an emergency scene (54.9% Japanese and 
77.4% U.S.). In relation to the number of actual courses taken 
with specific radiological and/or nuclear content; over half (56%) 
had never taken a single course, approximately a quarter had 
taken one course, 14.4% had taken two to four courses, and only 
3.3% had taken five or more courses (Figure 2).

Willingness to Manage exposed 
casualties
In Figures 3–5, a score of 1–5 was employed with respondents 
asked to assign a rank with “1” as the most important and “5” as 
the least important. When the respondents were asked to rank 
what they thought would be the most immediate medical needs 
after a nuclear detonation, the highest ranking was given to ther-
mal burns, followed by crush syndrome, radiation sickness, lac-
erations, and psychological trauma, in a steadily decreasing order 
(Figure 3). The results were remarkably similar between Japanese 
and U.S. survey respondents for thermal burns, crush syndrome, 
and radiation sickness. Japanese respondents were more likely to 
consider lacerations as a more immediate need than those from 
the U.S., and less likely to consider psychological trauma as an 
immediate need than U.S. respondents. For the survey question 
“which disaster type would make them unwilling to come to 
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FigUre 1 | Nuclear Radiological Disaster Casualty Management Nuc-Rad Survey (English version).
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FigUre 5 | Respondents ranked from 1 to 5 (with 1 as most important and 
five as least important regarding willingness) as what would make them more 
willing to go to work in the event of a nuclear detonation. Japanese 
responses are in blue, U.S. in red, and overall in green.

FigUre 4 | Respondents ranked which disaster type would make them 
unwilling to come to work. Japanese responses are in blue, U.S. in red, and 
overall in green.

FigUre 3 | The respondents ranked what they thought would be the 
immediate medical needs after a nuclear detonation. Based on the results of 
the Hiroshima and Nagasaki detonations and the propensity for glass in 
modern buildings, lacerations would be the most appropriate response as to 
immediate medical triage. Japanese responses are in blue, U.S. in red, and 
overall in green. ARS: acute radiation sickness.

FigUre 2 | The number of formal courses concerning radiological or nuclear 
issues taken previously by the respondents is categorized, left to right, as 0, 
1, 2–4, 5, or more courses with the majority of respondents having not taken 
any courses.
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work,” respondents from both countries selected nuclear bomb by 
a wide margin over all other options (Figure 4). Overall, results 
for the dirty bomb, chemical, and nuclear power plant disaster 

options were all essentially equivalent in rank, although far below 
the nuclear bomb disaster. However, Japanese respondents were 
27% more likely than U.S. respondents to consider a dirty bomb 
scenario to make them unwilling come to work. Interestingly, the 
respondents were the least likely to consider biological events 
as the type of event to make them unwilling to come to work. 
Indeed, they ranked nuclear bomb as 2.5 times more likely to 
influence them than biological event.

With an understanding that clinical providers are less likely to  
show up for work following a nuclear disaster, respondents were 
asked to rank on the 1–5 scale (with 1 as most important and 5 
as least important regarding willingness) what information they 
would need or equipment/medications they could possess that 
would influence them to change their minds. Respondents indi-
cated that trusting the source of information was least important to 
them, followed closely by having an antidote on hand (Figure 5). 
The next least effective factor was having equipment available to 
detect the radioactivity, with U.S. respondents ranking detection 
equipment lower than the Japanese. Of much greater importance 
was personal protective equipment (PPE), with the perception 
that their families were safe. However, knowing that the family 
was safe was 24.6% more important to U.S. respondents than 
Japanese. Indeed, knowing that their family was safe was the most 
important of the five options available to the U.S. respondents to 
increase willingness to work after a nuclear detonation.

The respondents provided interesting findings as to their 
relative perceptions of radioactively exposed patients. When 
respondents were asked “Would you be willing to be part of a 
scene response to treat casualties where there might be radiation 
or nuclear material contamination?” 66% said yes, while 33% said 
no. When the conditions of treatment were further specified with 
the question, “Would you be willing to treat casualties at your hos-
pital, if only their clothes had been removed after being exposed 
to radiation or nuclear material contamination?” The majority of 
respondents (79.4%) would, with 82% of U.S. respondents and 
76.7% of Japanese respondents.
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FigUre 6 | The respondents indicated what type of patient decontamination 
they perceive is needed when a patient is contaminated with radiological 
particles. Specifically, they were asked, “A patient arrives with a trauma 
emergency and burn injury following a nuclear detonation. Before beginning 
care what type of decontamination is needed (must be done)?” The most 
commonly accepted protocol based on radiological experience indicates that 
simple removing and containing clothing would be the most appropriate.
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FigUre 7 | Respondents indicated what type of personal protective 
equipment (PPE) was needed for radioactive contamination. Japanese 
responses are in blue, U.S. in red, and overall in green. The most commonly 
accepted protocol based on radiological experience indicates that Level D is 
sufficient for dealing with most radioactive contamination in a health-care 
setting, as dry decontamination would be expected to eliminate nearly all 
contamination of health-care significance and as long as the air way was 
protected, the chance of internal airway contamination to the responder 
would be non-existent.
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Familiarity with nuclear/radiological 
contamination risks
In an evaluation of relative nuclear/radiological contamination 
risks, the respondents indicated what type of patient decon-
tamination they perceive is needed following contamination 
with radiological particles (Figure  6). This was measured by 
the respondents giving one of the four answers to the question, 
“A patient arrives with a trauma emergency and burn injury 
following a nuclear detonation. Before beginning care what 
type of decontamination is needed (must be done)?” The pre-
ferred decontamination approach in the survey from the total 
respondents was to remove and properly contain all clothing 
items, followed by rinsing the patient with water. However, 
the Japanese respondents were far more likely to prefer this 
approach than the U.S. respondents. The least popular choice 
was to do nothing and treat the contaminated patient like any 
other trauma patient.

In addressing the type of PPE needed for radioactive contami-
nation, over 37% of the respondents indicated that they did not 
know what to use and declined to pick from one of the four (Level 
A–D) PPE levels (Figure 7). The Japanese (61%) were much more 
likely to state this than the U.S. respondents (15%). At least partly 
due to the relatively higher response rate of making a decision, the 
U.S. respondents had higher response rates than the Japanese for 
Level B (17 versus 5%), Level C (31 versus 13%), and Level D (18 
versus 7%), respectively.

Of the levels that were selected, the first choice was Level 
C with 22%, followed by Level A with 16%, Level D with 13%, 
and Level B with 11%. An assessment of health-care responder 
safety perception with regard to treating a patient who either 
had been exposed or contaminated by radiation was investi-
gated, by asking respondents to indicate how many health-care 

providers they thought had been made sick or been put at risk 
from treating patients contaminated with radiological material 
since World War II (Figure 8). As with the risk question with 
PPE, 71% of respondents indicated that they did not know.  
Of the few responding that chose an answer besides don’t know, 
11% picked 100 providers getting ill from treating radioactively 
contaminated patients, followed by 10% picking 0, and 6% 
answering that 10 providers had become ill. Finally, respondents 
were asked to indicate the perception of their own relative risk 
in treating patients with internal radioactive contamination, 
ranging from unknown, no risk, low, medium, and high risk 
(Figure 9). While approximately a quarter of the respondents 
indicated that they did not know, 27.5% reported a perception of 
low risk, followed by 21% indicating moderate risk, 13% assum-
ing high risk, and only 11% indicating no risk. In comparison 
between Japanese and U.S. respondents, 39% of the Japanese 
said that they did not know while 39% of U.S. respondents 
assumed a low level of risk.

DiscUssiOn

It is widely acknowledged in the security industry that the threat 
of using at least one nuclear weapon is steadily increasing, and 
while historically rare, the sheer volume of people impacted by 
the release of radiological materials following the nuclear reactor 
meltdowns at Chernobyl and Fukushima, as well as the nuclear 
bomb detonations in Nagasaki and Hiroshima, have highlighted 
the importance of knowledge, expertise, and training for an 
appropriate emergency medical response. For a multitude of rea-
sons, a major radiological event, from a nuclear plant meltdown, 
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FigUre 9 | Respondents indicated the perception of their own relative risk in 
treating patients with internal radioactive contamination. The most commonly 
accepted risk assessment based on radiological experience indicates that 
there is no appreciable risk to health providers from internal radioactive 
contamination in patients.
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intentional dissemination of high-level radiological materials in 
the environment, or the use of a nuclear weapon, will immedi-
ately provoke an unprecedented public health emergency. This 
will included those directly affected during the event, as well 
as the worried well who are far removed but fearing the worst. 
It is a known fact that there are over 16,000 nuclear weapons 
worldwide today, and the number of nations possessing nuclear 
weapons and nuclear power plants are steadily increasing (7).

The infrequent appearance of radioactive materials in the 
environment and the lack of use of any nuclear weapons in 
warfare for over 70  years have, despite the recent history of 
Fukushima, resulted in a steady decline in interest and in the 
training of medical personnel prepared to treat casualties from 
nuclear and radiological events in civilian institutions. Specific 
high-level expertise now remains in very few military or civilian 
sectors. This is especially evident in the field of medicine, where 
radiation expertise is almost exclusively related to training and 
proactive with therapeutic regimens, under tightly controlled 
conditions, but for large scale exposures or contamination is not 
well understood or taught (15). Among the general population of 
medical and public health personnel, there is a paucity of training 
and understanding of the health effects and accepted protocols 
for appropriate response to effects generated by environmental 
radioactivity, a very different set of skills and knowledge than that 
which exists for clinical approaches with radiation.

Studies have shown that for a biological outbreak, as seen 
with SARS, medical personnel would come to work and provide 
medical care if they felt safe. However, for a radiological inci-
dent, as seen in the aftermath of Fukushima, there are indica-
tions that medical personnel might have an unwillingness to 
respond to unusual emergency conditions with which they are 
not familiar, and consider dangerous. This is supported by our 
survey from both the U.S. and Asia where respondents, defini-
tively selected nuclear events as the most likely to discourage 
them from coming to work, closely followed by radiological and 
chemical events. Indeed, nuclear events were 2.5 times as likely 
as biological events to discourage them from accomplishing 
their medical or other critical duties in a crisis. This finding is 
in strong dichotomy from the general consensus among experts 
in assessing radiation risk that with minimal precautions there 
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is relatively little danger to medical personnel from radioactive 
contaminants (1, 16). This lack of knowledge of relative risk 
among medical personnel in the U.S. and Asia was further 
clarified by the fact that 90% of the survey respondents were 
unaware that there is not a single recorded instance of a medical 
provider for radioactively contaminated personnel ever being 
injured by providing treatment. However, it was encouraging 
to see that despite this deficiency, 82% of U.S. respondents 
and 76.7% of Japan respondents said that they would still treat 
patients if at least their clothing had been removed.

Regional nuclear arms races are now of great concern, as the 
addition of nuclear weapons to antagonistic neighbors with a 
consistent track record of repeated non-nuclear conflicts seem 
certain of dramtically escalating the consequences of these 
familiar conflicts. After India had become a nuclear power in 
1974, India and Pakistan both escalated their nuclear weapons 
development, resulting in public displays of nuclear tests in 1998. 
There is widespread fear and suspicion of the increasingly unsta-
ble nature of Pakistan and in particular there is definite concern 
for its ability to secure its steadily increasing nuclear weapons 
(5–10 new weapons every year) and protect the stored weapons 
from theft. Indeed, there is an accelerating nuclear arms race now 
in the Middle East and East Asia, with the staggering potential 
for medical casualties from their use in regional nuclear conflicts 
described in recent studies (10, 17). However, just as concern-
ing is the threat of a dirty bomb (explosive device surrounded 
by radioactive materials) or crude radioactive dispersal devices 
(18, 19). The real hazard of dirty bombs is not actually related to 
lethality other than the explosives and is generally not expected 
to result in significant radiation-induced casualties. However, 
the terror and fear induction capability of a dirty bomb or some 
other dispersal of radioactive materials could be of considerable 
magnitude. In the current survey, fear of the consequences of 
exposure to patients in the aftermath a dirty bomb was consider-
ably less than that for a nuclear event. One of the more definitive 
differences between Japanese and U.S. respondents was that 
Japanese respondents were 27% more likely to not come to work 
in a dirty bomb scenario than U.S. respondents.

Despite this inadequate acknowledgment of the importance 
of radiological/nuclear threats and knowledge, this lack of 
adequate health-care resources will still be a significant con-
sideration for responding to even the smaller nuclear weapon 
detonations. Despite the importance of this issue, there are still 
very few references to the tragic consequences of the inadequacy 
of the likely response that will occur for nuclear weapon use, 
reflective of the widespread pattern of denial for this issue. 
The primary injury types that would be expected to result for 
an urban nuclear detonation are trauma, thermal burn, and 
radiation (4). In all three categories, the resulting massive 
numbers of casualties will certainly be expected to result in a 
nearly complete insufficiency in health-care response (which of 
course is related to the serious denial in the health-care com-
munity). Additionally, the fortunate lack of radioactive events 
which has resulted in little to no experience with environmental 
radioactivity for most medical providers becomes particularly 
problematic for treatment (19, 20). For instance, in the current 
study, 37.3% of all respondents did not know what PPE to use 

to protect them when encountering radiologically contaminated 
patients.

Despair and denial has often been the outcome of the consid-
eration of high casualty assumptions for nuclear war associated 
with planners and providers for mass casualty medical response 
(21). One very unfortunate, and frankly unacceptable, perception 
that usually results is that planning and response for nuclear war 
are therefore not productive. However, in this study, one-third 
of the participants indicated that they would not condone their 
participation in an emergency response involving the handling 
of casualties with the possibility of radioactive contamination 
at any level. However, nuclear warfare has many variants, and 
there are many scenarios that can have effective planning that 
would enable the rational use of available resources that would 
save many lives and significantly reduce suffering (22). The Rad 
Resilient City Initiative (23) has provided a cogent system toward 
this end, including fallout protection assessment, pre-incident 
public education, establishing a rapid system for mapping fall-
out, developing capabilities to support large-scale evacuation, 
and training for these elements. The advantages of making these 
efforts are even more fruitful in response to the relatively smaller 
nuclear weapons. Therefore, since the education of the medi-
cal and public health community now has scenarios involving 
radiation contamination that show a lack of danger to them as 
providers, this should diminish this significant reluctance to 
participate in any medical treatment involving environmental 
radiation.

This need for medical education related to the myths and 
realities of environmental radioactivity is even more critical 
in recognition that the consistent pattern of the concentration 
of hospitals, clinics, and medical personnel in urban areas, 
particularly the central zones, will result in a disproportionate 
loss of medical resources in a nuclear attack (6, 24). Because of 
the concentration of health-care facilities in downtown urban 
areas across the U.S., it was concluded in a National Academy 
of Sciences study (22) that over half of all hospital beds in U.S. 
cities would not be expected to be accessible at all the most likely 
anticipated nuclear attacks. For instance, a study of the potential 
for medical and personnel resources to be available following 
a nuclear attack on London concluded that less than 20% of 
hospital beds would be accessible, with some 150 candidates for 
each bed (25). It should be noted that valuable education in this 
area are available using downloaded documents, online teach-
ing, recorded webcasts, video tutorials, and teaching via web 
sites (25–27). In the larger high-consequence events, not limited 
to nuclear weapon events, it is also likely that there will simply 
not be enough health-care workers, even with Herculean efforts 
with widespread ancillary health-care personnel. Therefore, we 
cannot afford to lose a large portion of the surviving medical 
responding population in a nuclear attack, already insufficient to 
the needed response, to an unwarranted and uneducated fear of 
the consequences of radiation exposure.

cOnclUsiOn

Despite the acknowledgment by experts that a radiological or 
nuclear incident is inevitable, the health-care community is 
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