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Abstract – To ensure the quality of nuclear disaster
medical care, facilities are being developed worldwide
in the event of a nuclear disaster. However, the relationship between the existence of permanent facilities and
the presence or absence of facility operation manuals has not been clarified in the field of nuclear disaster
medicine. This study aims to determine the relationships between the existence of permanent facilities, the
presence or absence of facility operation manuals and the number of years elapsed since a facility was
designated for nuclear disaster medicine. In September 2021, 26 facilities responded to an online
questionnaire of the 53 facilities of nuclear disaster-related hospitals (valid response rate of 49.1%) in Japan.
The existence of permanent facilities for nuclear disaster medicine was significantly higher in facilities with
fewer years of designation than in those with more years of designation. The existence of permanent
facilities for nuclear disaster medicine facilitated the organisational awareness of a nuclear disaster, as
evidenced by the availability of manuals, regardless of the number of years elapsed since designation. In
conclusion, the study suggests that the existence of permanent facilities is an important factor for
organisational preparedness for a nuclear disaster.
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Résumé – Objectifs: Pour garantir la qualité des soins médicaux en cas de catastrophe nucléaire, des
installations sont mises en place dans le monde entier en cas de catastrophe nucléaire. Cependant, la relation
entre l’existence d’installations permanentes et la présence ou l’absence de manuels d’utilisation des
installations n’a pas été clarifiée dans le domaine de la médecine des catastrophes nucléaires. Cette étude
vise à déterminer les relations entre l’existence d’installations permanentes, la présence ou l’absence de
manuels d’exploitation et le nombre d’années écoulées depuis qu’une installation a été désignée pour la
médecine des catastrophes nucléaires. En septembre 2021, 26 établissements ont répondu à un questionnaire
en ligne sur les 53 établissements des hôpitaux liés aux catastrophes nucléaires (taux de réponse valide de
49.1%) au Japon. L’existence d’installations permanentes pour la médecine des catastrophes nucléaires était
significativement plus élevée dans les établissements ayant moins d’années de désignation que dans ceux
ayant plus d’années de désignation. L’existence d’installations permanentes pour la médecine des
catastrophes nucléaires a facilité la prise de conscience organisationnelle d’une catastrophe nucléaire,
comme le montre la disponibilité des manuels, quel que soit le nombre d’années écoulées depuis la
désignation. En conclusion, l’étude suggère que l’existence d’installations permanentes est un facteur
important pour la préparation organisationnelle à une catastrophe nucléaire.

Mots clés : Manuel / Personnel médical / Médecine des catastrophes nucléaires / Installation permanente /
Questionnaire
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1 Introduction

A nuclear disaster is a rare phenomenon worldwide.
However, once a nuclear disaster occurs, the scale of damage is
significant. To mitigate on- and off-site human suffering in a
nuclear disaster, human resource development in nuclear
disaster medicine is practised around the world (Cho et al.,
2018; Bowen et al., 2020; Shubayr and Alashban, 2022). In
Japan, more than 12 yr have passed since the Fukushima
Daiichi nuclear power station accident during which the
Nuclear Regulation Authority led human resource develop-
ment training for nuclear disaster medicine (Tsujiguchi et al.,
2019). Nuclear disaster medicine has encompassed not only
human resource development but also the establishment of
facilities in specific nations that provide nuclear disaster
medicine (Cho et al., 2018; Marzaleh et al., 2020; Munasinghe
et al., 2022). In Japan, facilities have been designated nuclear
emergency core hospitals (NECHs) or advanced radiation
emergency medical support centres (AREMSCs) since 2015
(Nagata et al., 2022). These facilities are intended to provide
appropriate medical care to injured and sick patients, including
individuals who are contaminated by or exposed to radiation,
in the event of a nuclear disaster (Japan Nuclear Regulation
Authority, 2022). To be designated such facilities, it is was
necessary to develop ‘soft’ aspects– such as medical functions
and specialised staffing – and ‘hard’ aspects– such as facilities,
equipment, medical materials and equipment and radiation-
measuring equipment (Supplementary Tab. 1; Japan Nuclear
Regulation Authority, 2022).

The development of software and hardware attributes is
important for ensuring that medical facilities can attend to
several types of patients during general disasters (Marzaleh
et al., 2020; Munasinghe et al., 2022). With regard to
hardware, special spaces such as initial treatment and
decontamination rooms, in particular, must be developed by
medical institutions to receive patients who are injured by
radioactive materials (Marzaleh et al., 2020; Munasinghe
et al., 2022). Simply installing such hardware has been
insufficient. In the past, medical staff were required to prepare
manuals that described policies, protocols and procedures to
support the use of their facilities’ ‘hard’ aspects (Kutsch, 1956;
Shapiro, 1957). The preparation of such manuals is associated
with an organisational awareness to utilise the health facility
system (Sulzbach and Stivale, 1990). Manuals on facility
utilisation are essential (Marzaleh et al., 2020; Munasinghe
et al., 2022) and can help medical staff effectively use their
facilities (Sulzbach and Stivale, 1990). Therefore, the
development of manuals with key information—usage of
the facilities, preparation to receive contaminated patients and
provide medical care, and establishment of staff roles in
nuclear disaster medicine—is associated with the implemen-
tation of effective nuclear disaster medicine. As shown in
Supplementary Table 1, regardless of the availability of
manuals on the use of their facilities, designation as a NECH or
an AREMSC is possible if institutions have facilities such as
an initial treatment or decontamination room, even if these
spaces for receiving contaminated injured patients are
temporary. Although more than seven years have elapsed
since the designation of facilities for nuclear disaster medicine
in Japan, the relationship between the existence of permanent
facilities (defined as facilities possessing the relevant hardware
in this study) and the presence or absence of manuals for
operating the facilities has not been clarified.

Against this backdrop, this study clarifies the relationships
between the existence of permanent facilities (i.e., with the
relevant hardware), the presence or absence of manuals related
to a nuclear disaster, and the years that have elapsed since the
designation of the facilities for nuclear emergency medicine.
The results of this study can improve medical staff’s awareness
of nuclear disaster preparedness specific to the usage of
facilities and can also contribute to standardising the level of
medical care provided to contaminated injured patients.

2 Materials and methods

2.1 Questionnaire survey process

This cross-sectional study was approved by the ethics
committee of Fukushima Medical University (approval
number: 2019-417) and used a questionnaire for facilities.
The questionnaire survey was targeted at 53 NECHs and
AREMSCs (hereafter collectively named nuclear disaster-
related hospitals; NDRHs) in Japan. Conducted between 1
September and 30 September 2021, the study’s questionnaire
survey process was as follows: 1) questionnaire survey
guidelines and questionnaire items were sent by post to the
departments of each facility; 2) department officers in each
facility accessed the URL in the guidelines using their PCs and
entered responses to the questionnaire items online; and 3)
online responses to the questionnaire items were collected.

2.2 Questionnaire items and analytical methods

The questionnaire survey was based on the characteristics
of the target medical facilities and was limited to some of the
designation requirements for NDRHs (Supplementary Tab. 1).
This primary survey focused on three elements: 1) the years
that had elapsed since designation as an NDRH; 2) the
availability of manuals on nuclear disasters; and 3) the
existence of a permanent hardware facility in the NDRH.

The questionnaire queried the following five character-
istics of the responding facilities: 1) the annual number of
medical personnel that attended nuclear disaster medicine
training seminars as of September 2021 per facility (less than
50 or over 50; this number was estimated using the number of
seminars per year and the number of NDRHs); 2) the regional
classification of NDRHs in Japan (East versusWest Japan; the
classification was according to the region in which the four
Nuclear Emergency Medical Support Centres are located
(Nagata et al., 2022); 3) the average number of external
patients per day at a target facility (less than 1,100 or over
1,100; the number was derived from the average daily number
of external patients in a hospital’s facilities in Japan in 2019);
4) the years elapsed since designation as an NDRH (less than
four years or over four years; the threshold was set to four years
given that the average number of years since designation was
3.90 yr as of September 2021); and 5) the availability of
manuals on nuclear disasters at the target facility (Yes or No;
Yes indicated that the target facility possessed a manual on
nuclear disasters). In this context, the availability of nuclear
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Fig. 1. The number of years elapsed since designation as an NDRH and the availability of manuals on nuclear disasters among each facility.
NDRH: Nuclear Disaster Related Hospitals.

T. Ohba et al.: Radioprotection 2024, 59(2), 88–94 91
disaster manuals refers to the availability of manuals that
explain how to use facilities, how to prepare to provide medical
care to contaminated individuals, and what roles staff members
have in nuclear disaster medicine.

Four items in the questionnaire (see Supplementary Tab. 1)
addressed the availability of permanent facilities: 1) a
dedicated emergency room for contaminated patients (‘Yes’
or ‘No’; ‘Yes’ if a room was permanently dedicated to
receiving contaminated injured patients in a nuclear disaster
and ‘No’ if such a room was only temporarily available); 2)a
dedicated indoor space for the examination of body surface
contamination (‘Yes’ or ‘No’; ‘Yes’ if a facility existed that
could prevent the spread of radioactive materials that
contributed to body surface contamination and ‘No’ if such
a facility was unavailable); 3) storage facilities for radioactive
waste (‘Yes’ or ‘ No’ ; ‘ Yes’ if a facility permanently existed
that could store waste containing radioactive material
contamination and ‘No’ if such a facility was only temporarily
available); and 4) a water storage tank for storing radioactively
contaminated water (‘Yes’ or ‘No’; ‘Yes’ if a facility
permanently existed for a water storage tank and ‘No’ if such
a facility was only temporarily available).

Twenty-six facilities responded to the study questionnaire.
The valid response rate for the study was 49.1%. The following
methods were used to analyse the responses to the question-
naire items: 1) analysis of the existence of permanent hardware
facilities in NDRHs with the number of years elapsed since
designation as an NDRH and the availability of manuals on
nuclear disaster; 2) comparison across the four items of the
trends in the existence of permanent hardware facilities in a 2
� 2 matrix about relationship between the years elapsed since
designation as an NDRH and the availability of manuals on
nuclear disaster. The analyses were 2 � 2 two-tailed Fisher’s
exact tests using the statistical analysis software JMP14.3
(JMP Statistical Discovery LLC, Cary, NC, USA). The
significance level for the statistical analyses was set at 5%.

3 Results

Table 1 shows that facilities that had been designated as an
NDRH for over four years were significantly more likely to
have over 50 total staff (p = 0.015) who had attended nuclear
disaster medicine training. Moreover, permanent hardware
facilities that had been designated as an NDRH for over four
years had significantly fewer dedicated emergency rooms for
contaminated patients (p = 0.048 using the one-tailed test),
dedicated indoor spaces for body surface contamination
examination (p = 0.036) and storage facilities for radioactive
waste (p = 0.016) than facilities that had been designated as an
NDRH for less than four years. Conversely, the availability of
manuals on nuclear disasters was significantly more likely
when two items specific to permanent facilities (dedicated
indoor space for body surface contamination examination [p =
0.038] and storage facilities for radioactively contaminated
water [p = 0.038]) than if these items were temporarily
available (Tab. 1). No association was observed between the
years elapsed since designation as an NDRH and the
availability of manuals on nuclear disasters.

Figure 1 shows the matrix of the years that had elapsed
since designation as an NDRH and the availability of manuals
on nuclear disasters for the four items specific to the existence
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of permanent facilities. We performed a 2 � 2 Fisher’s exact
test using these data and observed no significant differences in
all cases. In the group of facilities which had been designated
as an NDRH for over four years and did not have manuals on
nuclear disaster, the proportion of non-permanent facilities
ranged from 67% to 83% (Fig. 1; right and top). Facilities of
36–55% that had been designated as an NDRH for over four
years and in which manuals on nuclear disasters were available
were permanent (Fig. 1; right and bottom). The results
indicated that the lack of progress in the development of
manuals occurred in temporary facilities, despite the long time
that had elapsed since their designation as an NDRH. In
contrast, 86% to 100% of facilities which had been designated
as an NDRH for less than four years and had manuals on
nuclear disasters were permanent (Fig. 1; left and bottom).
This group was characterised by the fact that the facilities were
permanent and the manuals were well developed, despite the
short time since designation as an NDRH. The small sample
size in the group with less than four years since designation and
no manuals on nuclear disasters (Fig. 1; left and top) was
attributable to the short time since designation and indicated
the urgent need for manual development.

4 Discussion

Enhancing medical facilities to ensure the treatment of
radionuclide-contaminated patients in a nuclear disaster is
important. The study examined the requirements for establish-
ing permanent medical facilities for a nuclear disaster. The
results presented in Figure 1 supported an unexpected
relationship between the years elapsed since designation as
an NDRH and the existence of a permanent facility.
Specifically, the study showed that the development of
facilities for nuclear disaster medicine was driven by a strong
sense of mission and social factors and was not influenced by
the passage of time.

The study indicated that the availability of manuals related
to nuclear disasters was associated with the existence of
permanent facilities regardless of the passage of time. Table 1
shows a twisting trend between the number of years elapsed
since designation as an NDRH and the existence of permanent
facilities. Two explanations were provided for the results
related to the existence of permanent facilities (Tab. 1). First,
facilities for which four years had elapsed since designation as
an NDRH may have had a medical staff with a strong sense of
mission to provide nuclear disaster medicine without financial
support at the time of facility designation. These facilities may
have been designated to fulfil minimal requirements (see
Supplementary Tab. 1). Second, we presumed that the
existence of facilities with less than four years since
designation as an NDRH was designated with the financial
support of the Cabinet Office of the Japanese government and
other authorities for hardware development. Particularly after
2020, the overlapping impact of coronavirus disease 2019
infections with the enhancement of permanent facilities for
nuclear disaster medicine highlighted the important role of
healthcare facility hardware in a worldwide all-hazards
approach to natural disasters and terrorism using chemical
or biological attacks (Marzaleh et al., 2020; Munasinghe et al.,
2022). This complex combination of disaster factors is
considered to have reflected the designation of facilities as
NDRHs in Japan. Therefore, this study indicates a case in
which the development of medical facilities was driven by
social factors.

The permanent establishment of nuclear disaster medical
facilities may have further influenced attitudes towards nuclear
disaster preparedness, including ensuring the availability of
manuals at such facilities. The results in Table 1 and Figure 1
illustrate the relationships between the permanent establish-
ment of nuclear disaster medical facilities, the availability of
manuals on nuclear disasters and the years that had elapsed
since designation as an NDRH. We hypothesised that facilities
for which more years had elapsed since designation as an
NDRH were more likely to possess manuals on nuclear
disaster.

However, this relationship was shown to be confounded
and was dependent on four items specific to the existence of a
permanent facility. This result was expected because when
items specific to the existence of permanent facilities are
present, medical staff at the relevant facility have no choice but
to prepare manuals to utilise the relevant hardware, even when
the elapsed time since designation as an NDRH is short.
Manuals allow healthcare facilities to compile procedures and
policies that guide specific actions and disseminate the
information to medical staff (Kutsch, 1956; Shapiro, 1957;
Sulzbach and Stivale, 1990). Therefore, permanent facilities
for nuclear disaster medicine must ensure the development of a
manual that guides the entire medical staff in the use of the
facilities and increases the facility’s nuclear disaster prepared-
ness. Conversely, manuals are not developed when facilities
are temporary, even if a long time has elapsed since the
designation of the facilities as NDRHs. We presume that this
finding is attributable to the difficulty among medical staff in
developing manuals for temporary facilities. Therefore, we
assert that the establishment of permanent medical facilities for
nuclear disaster medicine is important for ensuring the
availability of manuals and that such permanent facilities
improve the medical staff’s awareness of and preparedness for
a nuclear disaster.

Finally, the nuclear disaster manuals prepared by facilities
should be improved by incorporating multiple perspectives, as
described below. For example, the availability of a manual
does not guarantee that medical staff will be able to utilise the
manual when necessary. To ensure effective utilisation of the
manual, medical staff should receive regular radiation-focused
education and nuclear disaster training (Cho et al., 2018;
Shubayr and Alashban, 2022). Therefore, in addition to facility
improvement efforts, personnel training and commitment to
manage nuclear disasters should be consistent among all
facilities nationwide (Bourguignon, 2022). Furthermore,
nuclear disaster manuals must be flexible. Indeed, although
domestic NDRHs are intended to accommodate exposed and
contaminated individuals during a nuclear disaster, they will
also realistically provide medical care for radiation workers or
victims of nuclear terrorism with high levels of external and
internal exposure (Munasinghe et al., 2022). Therefore,
NDRHs should improve their manuals to manage multiple
types of radiation emergencies.
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5 Study limitations

The study had some limitations. First, the study did not
include an investigation of ‘soft’ aspects, such as the
preparation of medical equipment and logistics flows —
features that are considered important from a global
perspective (Marzaleh et al., 2020; Munasinghe et al.,
2022). However, as shown in Supplementary Tab. 1, the
NDRHs functioned as core hospitals for general disasters, and
the flow of medical materials, equipment and logistics ensured
preparedness (Japan Nuclear Regulation Authority, 2022).
Additionally, the availability of materials and equipment
related to nuclear disaster medicine was included as a
requirement for designation (Supplementary Tab. 1); therefore,
we considered that the NDRHs already had materials and
equipment related to nuclear disaster medicine (Japan Nuclear
Regulation Authority, 2022). Second, the study used a
questionnaire survey which queried the existence of permanent
facilities; therefore, the sample size of responses was small
compared with that for a typical questionnaire survey of
individuals. As a result, we were unable to perform advanced
statistical analyses, such as logistic regression analysis.
However, sample sizes in previous studies that included
surveys of targeted facilities were similar to that in our study
(Munasinghe et al., 2022). Furthermore, given this pilot
study’s aim of examining the availability of manuals on
nuclear disasters, the existence of permanent facilities and the
years that elapsed since designation as an NDRH, the study
results are sufficiently novel even without the use of advanced
statistical analysis methods. Finally, the development of
nuclear emergency core hospitals is still ongoing in Japan.
Therefore, based on the results of this study, we plan to conduct
a full-scale survey of the awareness of nuclear disaster
preparedness in each facility in 2024 or beyond. The expected
results will contribute to standardising the level of medical care
that is provided to contaminated injured patients across Japan.

6 Conclusions

Regardless of the number of years elapsed since designation
asanNDRH, theexistenceofapermanent facilitywas relevant to
the availability of manuals on nuclear disasters in medical
establishments. We speculate that when a facility that provides
nuclear disaster medicine is permanently present, the awareness
of nuclear disaster preparedness increases at the facility, and the
medical staff may be more motivated and engaged in the
preparation ofmanuals that guide the utilisation of the hardware.
Therefore, medical facilities that prepare for nuclear disaster
must not only strengthen ‘soft’ aspects such as medical staff
training but also ensure that the facilities are permanent.
Strengthening both software and hardware aspects will make
clear the levelofnational standard formedical care that shouldbe
provided to radioactively contaminated injured patients.
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