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ABSTRACT
Objective: In Japan, with the revision of the Nuclear Emergency Response Guidelines in 2015, nuclear
emergencymedical assistance teams responsible for themedical treatment in the acute phase of nuclear
disaster have been developed nationwide. The purpose of this research is to develop active learning
materials for the education of medical staff, to confirm the educational effect of the materials, and to
identify the gaps in nuclear disaster risk reduction in Japan.

Methods: We established a working group and created active learning materials. We trained members of
the nuclear emergency medical assistance team using the developed active learning materials and then
conducted a questionnaire survey for trainees who participated in the training.

Results: Regarding the developed teaching materials, out of 33 trainees, 33 (100%) answered “easy to
understand” or “a little understandable” to the item dealing with how to use the radiation detectors
and attaching/detaching personal protective equipment. Regarding the simulation about practicing
hospital support and medical provision, 3 (8%) answered “a little confusing.”

Conclusion: The study demonstrated that the developedmaterials have an educational effect. Additionally,
the results of the trainee questionnaire showed the necessity for improvement in the triage system and
new protocols to help both the patients and responders.
Key Words: disaster medicine, education, patient simulation, public health professional, radiation injuries

Based on the accident of Tokai village JCO in
1999 and Fukushima Daiichi Nuclear Power
Plant in 2011, the Japan Nuclear Regulation

Authority (NRA) has organized the nuclear disaster
medical system, derived from the Nuclear Emergency
Preparedness Measures Law and the Nuclear Emergency
Response Guidelines (NERG).1 In particular, as a result
of the revision of NERG in 2015, the nuclear disaster
medical care system has been greatly reconfigured and
has developed into its current form.2 Since 2015,
Nuclear emergency core hospitals (NECH) have been
specified as being located mainly in prefectures with
nuclear facilities, and advanced radiation emergency
medical support centers (AREMSC) have been desig-
nated to support dose assessment and medical treatment
for seriously contaminated/exposed patients. Nuclear
emergency medical support centers (NEMSC) and
nuclear emergency medical assistance teams (NEMAT)
are designated to provide information/medical care at
nuclear disasters nationwide (Figure 1). NEMSC and
AREMSC are providing training services, such as radia-
tion emergency medicine and patient reception training,
in various regions and medical institutions.

According to the NEMAT Activity Guidelines issued
by the Japan NRA in March 2017,3 the main role of

NEMATduring nuclear disasters is to support activities
in NECH in the affected areas. This task is defined as
providing emergency medical care to victims suffering
from exposure/contamination and transportation to
AREMSC or NEMSC. Therefore, it is necessary to
develop an educational program that considers not
only basic knowledge of radiation measurement, pro-
tection, effects of radiation on the human body, and
emergency medical science, but also hospital support
during the acute phase of a disaster.

To overcome the abovementioned problems, the
present study developed and implemented an educa-
tional program.

METHODS
Active Learning Material Development
To develop active learning materials that can
comprehensively help medical responders learn about
radiation measurement, radiation protection, hospital
support during the acute period after a nuclear disaster,
and treatment of the injured or sickened, we estab-
lished a working group with experts and faculty staff
from a Hirosaki University’s NEMSC. The working
group members specialize in fields such as emergency
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medicine, disaster medicine, radiological technology, and radi-
ation measurement. They are medical doctors, nurses, logistics
experts, and radiological technicians, and all of them had
taken specialized training related to disaster-related medical
care and radiation emergency medical care. When conducting
training for NEMAT members, the NRA recommends using
textbooks that they have published.4 Therefore, rather than
lecture-style teaching materials, we created active learning
materials with the following titles: “Contamination Inspection
and Decontamination in Medical Institutions,” “Curing
Medical Equipment and Personal Protection,” and “Hospital
Support and Control of Contamination/Radiation Patients
in the Acute Phase of a Nuclear Disaster.”

The lectures dealing with basic disaster and emergency
medicine were excluded from teaching materials because the
registered NEMAT members already had learned those topics.

Training and Questionnaire Evaluation
In July 2017, a single-day practical training module for
NEMAT was conducted at a NECH in Aomori prefecture,
Japan. There were 33 trainees in total, consisting of 6 medical
doctors (5 males and 1 female), 10 nurses (3 males and 7
female), 7 radiological technologists (7 males and 0 female),
and 10 clerical workers (9 males and 1 female). After complet-
ing all lectures and training, we conducted a questionnaire
survey on active learning materials, which we had devised
for trainees. Finally, we evaluated the satisfaction levels based
on the collected questionnaire responses. We received appro-
val from the ethics committee of the Graduate School of
Health Sciences, Hirosaki University, to use the questionnaire
and conduct the survey.

RESULTS
Contents of Active Learning Materials
Table 1 shows the contents of the completed educational pro-
gram. First, in teaching materials on radiation measurement,
we developed a program to learn how to use individual expo-
sure dosimeters, an NaI scintillation survey meter, and a
Geiger–Mueller (GM) survey meter. We explained to doctors
and nurses how to install an individual dosimeter. In addition,
we instructed radiological technologists on how to check
contamination using a GM survey meter, how to choose time
constants, and how the distance between the contaminated
part and the detection surface is related to the counting.
In addition, by having medical responders actually measure
the sealed radioactive source, the program allowed them to
experience how slowly the detection surface of the survey
meter should be moved and how much distance to keep
between the detection surface and the contaminated surface.
Subsequently, we created a program to encourage medical
institutions to use medical care materials and practical teach-
ing materials that provide information about curing the
in-hospital delivery route and the floor of the treatment room
with curing vinyl sheets as quickly as possible. In particular,
with regard to the curing of the treatment room, we devised
methods so that the study participants could practice using
complicated materials such as the zoning size of the “hot zone”
while treating the patient and the extensive curing area,
such as the drip-stand.

Finally, in regard to active learning related to hospital support
and the treatment of victims’ injuries, we created contents to
help medical responders practice “control of disaster counter-
measures at headquarters when multiple victims are injured

FIGURE 1
The Nuclear Disaster Medical System in Japan and the Role of NEMAT. When a nuclear disaster occurs, exposure/contami-
nation victims are transported to NECH. If they were taken to “A hospital,” NEMAT of the other NECH (“B, C hospital”) will come
to “A hospital” for medical provision and hospital support. The NEMAT activities are shown inside of the dashed square.
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and contamination/acceptance of radiation-affected people.”
Specifically, the contents to be controlled by the trainees, acci-
dent/disaster scenarios, and patient assumptions are shown in
Tables 2 and 3. In the simulation, 1 team of the trainees played
the role of the “supervising team” of the NECH closest to the
nuclear power disaster site. Based on the assumption that the
other trainees were dispatched from other hospitals, the inten-
tion was to stabilize the exposure/contamination victims who
were being transported. The patient assumption was created
by combining radiation information (contamination and
external/internal radiation exposure) and physiological infor-
mation. The exercise also realistically simulated the disaster
situation by using dolls. Because it is legally difficult to obtain

and use unsealed radioactivematerials for the practical training,
we devised a way to confirm the degree of decontamination
by using black light and applying fluorescent paint to
the “wound.”

Implementation of Active Learning Materials and the
Questionnaire Results
The results of the trainee questionnaire are summarized in
Table 4. An analysis of the questionnaire showed that all
of the trainees answered, “easy to understand” and/or “a
little understandable,” for the simulation related to radiation
measurement and the curing of hospital/medical materials,

TABLE 1
Created Active Learning Materials – Contents and Instruction Methods

Number Name of the Material Contents Practical Time (min) Instruction Methods and Cautions

1 Contamination inspection and
decontamination in
medical institutions

• How to use an individual
exposure dosimeter

• How to use measurement
equipment necessary for
contamination inspection

• How to use measuring
equipment required for
space dose grasping

30 • Operation methods of individual
exposure dosimeter, GM survey
meter, and NaI scintillation
survey meter

• Method of mounting the personal
dosimeter (especially to the
doctor/nurse)

• Difference in counting by distance
from moving source, moving
speed, and time constant

2 Curing of medical equipment
and personal protection

•How to install and remove
personal protective
equipment

• Curing method of medical
equipment and hospital

30 • Cover the transport path and the
floor of the treatment room with
vinyl sheets as quickly as possible

• Detailed practice on complicated
materials with large area covered
with vinyl (such as drip-stand)

3 Hospital support and control of
contamination/radiation patients
in the acute phase of
nuclear disaster

• Operation training of
disaster headquarters

• Exposed/contaminated
patients acceptance
training

• Screening/simple
decontamination training

100 • Control of hospital disaster
countermeasures headquarters
at nuclear disaster

• Response to external/internal
exposure and contamination

• Acceptance and control of
contaminated/exposed patients

TABLE 2
Created Active Learning Materials – Scenario of Training (in Active Learning Material No. 3)

Phase Scenario

1 There was an issue with the primary cooling water systemwithin the reactor building of a nuclear power plant; a crack in the pipe
caused a small explosion, severely injuring several workers. In addition, emission of radioactive substances in the environment
was also confirmed.

2 After taking rapid measures at the on-site medical office, it was decided that a total of 4–6 people will be transported to the
nuclear emergency core hospitals, in succession, for injuries and/or contamination/exposure.

3 The patients were transported to hospital A. NEMAT would be arriving as a support team from hospitals B and C.
4 Nearly 2 hours after the accident, hospitals B/C team arrived at hospital A; they were divided into a diagnosis team and

headquarters control team in the emergency room, and began curing the workplace, checking equipment, and so on.
5 The medical treatment of workers and evacuation of residents near the nuclear power plant began simultaneously. In other

words, hospital A may accept evacuated residents who may be contaminated.
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TABLE 3
Created Active Learning Materials – Patient Assumption (in Active Learning Material No. 3)

Number Gender Age Contamination Levela (cpm) Injury Situation
Condition
(Vital Sign)

Information of Contamination
and/or Exposure

1 M 50 90 000–100 000 • Scratches on the right
lower limb due to falling

• Heatstroke

Body temperature: 37.1
Pulse: 80

Respiration: 16
Blood pressure: 148/84

JCSb 0

Contamination at the
wound site

2 M 25 90 000–100 000 • Fracture of left lower limb
due to fall

Body temperature: 36.9
Pulse: 85

Respiration: 18
Blood pressure: 134/70

JCS 0

Contamination at the
wound site

3 M 30 90 000–100 000 • Scratches on the right
lower limb due to falling

• Suspected of internal
exposure due to the mask
being removed

Body temperature: 36.6
Pulse: 78

Respiration: 14
Blood pressure: 126/68

JCS 0

Contamination at the
wound site

4 M 30 90 000–100 000 • Fall from altitude
• Consciousness opacity

Body temperature: 36.5
Pulse: 88

Respiration: 20
Blood pressure: 126/68
JCS 20, GCSc 4-5-6

Contamination at the
wound site

5 M 40 None • No noticeable trauma
• Nausea

Body temperature: 38.0
Pulse: 94

Respiration: 28
Blood pressure: 142/77

JCS 1, GCS 4-5-6

No noticeable contamination
Suspected of radiation
exposure from symptoms

6 M 55 Unknown • Fall over general road
near the nuclear power
plant

Body temperature: 36.3
Pulse: 68

Respiration: 15
Blood pressure: 150/83

JCS 1, GCS 4-5-6

General public after accident
(outpatient)

aUsing GM survey meter with detection area of 20 cm2.
bJSC: Japan Coma Scale.
cGCS: Glasgow Coma Scale.

TABLE 4
Questionnaire Resultsa

Number of Answers
Question Easy to Understand A Little Understandable A Little Confusing Difficult to Understand

Did you understand how to use
radiation measurement
equipment and how to check
contamination?

29 (87%) 4 (13%) 0 (0%) 0 (0%)

Did you understand the
method of personal
protection and curing of
medical facilities?

29 (87%) 4 (13%) 0 (0%) 0 (0%)

Did you understand the outline
of medical care for exposed/
contaminated patients and
hospital support?

17 (52%) 13 (40%) 3 (8%) 0 (0%)

aThe subjects of the questionnaire were 33 trainees, and the questionnaire collection rate was 100%.

856 Disaster Medicine and Public Health Preparedness VOL. 13/NO. 5-6

Resource Development for a Nuclear Disaster

https://doi.org/10.1017/dmp.2018.168 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2018.168


and over 92% answered “easy to understand” and/or “a little
understandable” about the hospital support and medical
provision simulations. The trainees who answered, “a little
confusing,” cited the difficulty of additional triage, taking
account of exposure information, carrying out communication
while wearing protective clothing, and standard triage
(such as simple triage and rapid treatment [START]) for expo-
sure/contamination patients, because they were afraid of their
own secondary exposure and contamination transfer.

DISCUSSION
NEMAT is mainly composed of medical doctors, nurses, radio-
logical technologists, and clerical workers. Even medical staff
who may act as NEMAT, which is expected to contribute in
the acute period after the occurrence of nuclear disaster, are
anxious about nuclear disasters and/or rumor damage.2,5 So,
we developed a program that incorporates practical training
on hospital control and support to exposure/contamination
patients, usage of radiation measurement equipment, and per-
sonal protection methods. Through the questionnaire results
of the trainees – because all trainees (100%) answered that
the operation of the radiation measurement instrument and
the personal protection method were “easy to understand”
or “a little understandable” –we were able to confirm the effect
of the developed teaching materials. On the other hand,
regarding practical training on hospital control and support
to exposure/contamination patients, some trainees were afraid
about secondary exposure from patients and contamination
expansion. In order to mitigate such anxiety as much as pos-
sible, NEMAT members need to quickly determine whether
the patient is contaminated and implement quick standard tri-
age and decontamination. In other words, it is important to
practice such practical training repeatedly to build knowledge,
which may alleviate anxiety about secondary exposure and
contamination transfer. In addition, NEMAT has to under-
stand decontamination criteria and additional triage methods
with exposure dose information. In Japan, the criteria for
decontamination of the patient and the reference value for
evacuation are indicated in the Operational Intervention
Level of the NERG, and the criterion for patient decontami-
nation is 40 000 cpm (measured by a 20 cm2 GM survey
meter).6 In addition, although the frequency of occurrence
of exposure patients is rare, it is necessary to consider addi-
tional triage methods that take exposure doses into account.7

A NEMAT member needs to have relevant knowledge in
order to judge the extent of the exposure of the injured person
based on the nuclide and count. In addition, the chromosomes
and DNA double-strand breakage, which is the standard of
biodosimetry, cannot be used promptly in hospitals during
the acute phase of a disaster.8–10 Furthermore, in Japan,
because the “dose limit (guideline)” is not defined in the
NEMAT member activities, during actual activities at a time
of emergency, it is assumed that the activities should be per-
formed by the control or individual teams. The development
of human resources capable of solving such problems and the
setting of standards are thus indispensable.

CONCLUSIONS
The active learning materials developed in this research had
an educational effect.Additionally, the questionnaire results
of the trainees demonstrated the necessity of improving the
triage system and protocols in order to help both the patients
and responders.
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