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The Great East Japan Earthquake and Tsunami that occurred in March 2011 not only resulted in the loss of 
many human lives due to earthquakes and tsunamis, but also led to the occurrence of nuclear accidents 
involving the widespread diffuse release of radioactive materials at the Fukushima Daiichi Nuclear Power 
Plant (FDNPP).  The nuclear accident created great apprehension among residents of the Fukushima 
Prefecture, where the FDNPP is located, and residents of Northeastern Japan outside of Fukushima, such 
as the south region of the Miyagi Prefecture, which is adjacent to the northern part of Fukushima 
Prefecture.  The Miyagi Prefecture is located approximately 50 to 120 km from the FDNPP.  In Miyagi 
before the nuclear accident, nuclear disaster drills including respondent to residents’ anxieties had been 
conducted at Onagawa Town, Ishinomaki City and prefectural office, and radiologic technologists had 
participated in the drills.  In the face of the actual nuclear disaster, radiologic technologists carried out 
personalized consultation activities with the aim of eliminating anxiety among pregnant women and parents 
with infants at two local governments in the south region of Miyagi.  After the activities, we conducted 
questionnaire survey on the activities, and were able to obtain evaluations and various opinions.  This 
paper discusses regarding the efforts to personalized consultation and the results of questionnaire survey 
conducted by the radiologic technologists in the southern Miyagi following the FDNPP accident.
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Introduction
On March 11, 2011, the Great East Japan Earthquake 

and Tsunami occurred, during which a large tsunami dam-
aged the nuclear reactors at the Fukushima Daiichi Nuclear 
Power Plant (FDNPP) (Shibahara 2011, 2012).  As a result 
of the damage, large amounts of radioactive isotopes were 
released from the damaged reactors at the FDNPP (Suzuki 
et al. 2019; Sun et al. 2020, 2021).  As a result, radioactive 
nuclides were widely deposited on the ground not only in 
Fukushima but also from northern Japan to eastern Japan 
outside of Fukushima (UNSCEAR, United Nations 

Scientific Committee on the Effects of Atomic Radiation 
2013).  After the nuclear accident, the Japanese government 
implemented various countermeasures; however, for a 
while, they were only provided for the areas near the 
FDNPP and residents in Fukushima.  As the measures taken 
by the Japanese government were not implemented at loca-
tions other than Fukushima immediately after the accident, 
many residents outside Fukushima, including those in 
southern Miyagi, also became extremely anxious about 
radiation exposure.  Miyagi is adjacent to the northern part 
of Fukushima and is located approximately 50-120 km 
from the FDNPP (Nuclear Regulation Authority 2011) (Fig. 



S.Yashima and K. Chida260

1).
At the time of the FDNPP accident, the Japanese gov-

ernment’s recommended evacuation area was all territory 
within a 30 km range of the FDNPP.  Nevertheless, some 
residents in southern Miyagi, located within 80 km of the 
FDNPP, also evacuated out of fear of the radiation effects 
from the nuclear accident, although some residents who 
chose not to evacuate were also extremely worried about 
the effects.  As the Onagawa Nuclear Power Plant (ONPP) 
was installed in the Miyagi Prefecture (Fig. 1), nuclear 
disaster drills had been conducted Onagawa Town, 
Ishinomaki City and Miyagi prefectural office once a year 
before the FDNPP accident.  In November 2009 and 2010, 
some radiological technologists who belong to the Miyagi 
Association of Radiological Technologists (MART) partici-
pated in the nuclear disaster drill to learn how to respond to 
the residents’ anxieties in the event of a nuclear accident at 

Ishinomaki City (Miyagi Prefectural Government 2010).  
Those drills were performed in Fukushima Prefecture, but 
did not include to respond to the residents’ anxieties 
(Fukushima Prefectural Government 2010).

Radiologic technologists are healthcare worker who 
specializes in imaging tests, such as X-ray, Magnetic 
Resonance Imaging (MRI), and Computerized Tomography 
(CT) scans, performed primarily in diagnostic capacities.  
They must obtain specialized education—such as radiogra-
phy, anatomy, physiology, radiation physics, radiation pro-
tection, radiation therapy, psychology, and ethics—and pass 
a national examination to receive a license to practice as 
radiologic technologists.  They also consider radiation 
exposure of patients and staff (Chida et al. 2010a, b; Kato et 
al. 2012, 2017, 2021; Morishima et al. 2018; Nemoto and 
Chida 2020; Haga et al. 2020a; Kawauchi et al. 2021; Inaba 
et al. 2021; Endo et al. 2021; Matsunaga et al. 2021), per-

Fig. 1.  Map of Fukushima, Miyagi, the Fukushima Daiichi Nuclear Power Plant (FDNPP) and the Onagawa Nuclear Power 
Plant (ONPP) [Ministry of Education, Culture, Sports, Science, and Technology (MEXT), July 2, 2011].
The cross mark indicates the location of the nuclear power plant.  In the Fukushima Daiichi Nuclear Power Plant acci-
dent, radioactive materials were released into the atmosphere from March 12 to 15, 2011.  The radioactive materials 
spread in the southwest and northwest directions on the wind, and eventually fell to the ground due to rain [Nuclear 
Regulation Authority.  Monitoring information of environmental radioactivity level.  Monitoring Plans.  Airborne Moni-
toring by MEXT and Miyagi Prefecture.  June 21, 2011].
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form radiation management work (Morishima et al. 2016a, 
b;  Kato et al. 2019a, b; Ishii et al. 2019; Inaba et al. 2020a, 
b), and are responded to the patients’ anxieties on radiation 
exposure in the medical field.  Therefore, we think that 
radiologic technologists can respond to residents’ anxieties 
in nuclear disaster.

Immediately after the FDNPP accident, from March to 
April 2011, we participated as counselor for phone consul-
tations regarding radiation risk at the Miyagi Prefectural 
Office (Yashima and Chida 2014).  On May 18, 2011, it was 
found that radioactive cesium exceeding the standard value 
was detected in beef, and we learned that a municipality in 
southern Miyagi requested Miyagi Prefecture to introduce 
persons to explain for residents.  We proposed the munici-
pality to conduct consultation activities with the residents 
on May 2011.  We also proposed to another municipality on 
July 2011, which was nearby the municipality, to conduct 
consultation activities for residents’ anxieties.  Each local 
government and MART member discussed to cope with the 
stress of residents due to the nuclear accident.  Through dis-
cussion, we decided to conduct individual consultations 
with pregnant women and parents of infants.

We had conducted consultation activities for residents 
based on the knowledge and experience of medical expo-
sure consultation cultivated over many years.  We also had 
participated in training course on radiation emergency med-
icine so far.  However, probably because we did not expect 
that food contamination like this would actually occur, and 
did not have the opportunity to listen to expert lectures on 
internal exposure and food intake standards, it was very dif-
ficult understanding.  We held a study session before con-
sultation activities in local governments to check the health 
and environmental impacts by disaster radiation exposure.

Since the occurrence of the FDNPP accident, radiolo-
gists, nurses, and public health nurses have published many 
reports on individual consultations with residents inside and 
outside of Fukushima (Fujii et al. 2015; Orita et al. 2015; 
Murakami et al. 2017a), but few have been reported by the 
radiologic technologists (Yashima and Chida 2014).  As 
radiologic technologists, we engaged in individual consul-
tations with pregnant women and infants’ parents in south-
ern Miyagi near Fukushima accident and conducted a sur-
vey about these activities within one year of the FDNPP 
accident.  In this paper, we review and report the survey 
data retrospectively.

Methods
From June 2011 to February 2012, we conducted indi-

vidual face-to-face consultations on the radiation effects of 
the nuclear accident in two local governments in southern 
Miyagi.  The activities were conducted at the facilities of 
the local governments, and radiologic technologists were in 
charge of the consultations.

Let two local governments be Municipality A and 
Municipality B.  In Municipality A, prior to the individual 
consultations, we gave a basic lecture on radiation exposure 

(e.g., background radiation, radiation exposure from medi-
cal exams, radiation health effects, and radioactive materi-
als), and conducted risk communication activities individu-
ally for pregnant women and infants’ parents.  We did not 
ask and answer questions when we gave a lecture, and 
answered questions during individual consultation.  The 
contents of the basic lecture included types of radiation, 
background radiation, human exposure to ionizing radia-
tion, environmental radiation monitoring, health effects of 
radiation exposure, probabilistic and deterministic effects, 
causes of cancer, food radioactivity control, Chernobyl 
nuclear accident, radioactive iodine, and radioactive 
cesium.  The activity period was approximately three 
months, from June 2011 to August 2011.  In Municipality B, 
we did not give a basic lecture, and conducted individual 
consultations for pregnant women and parents with babies 
under one year of age.  The activity period was approxi-
mately six months, from August 2011 to February 2012.  
We consulted with the municipalities and targeted pregnant 
women and parents with infants for individual consulta-
tions, taking into account the level of anxiety about disaster 
radiation exposure and the health effects of the stress.  We 
set the time for each individual consultation to 30 min, but 
we responded to the questions from the parents without 
being bound by the set time.  At each location, a temporary 
daycare center was set up by the municipality to make it 
possible to talk with the participants without having to 
worry about the infants.

After the end of the individual consultations, we con-
ducted a questionnaire survey on the activities.  The ques-
tionnaire surveys were conducted using a de-identified doc-
ument that was anonymous and did not include age and sex.  
Questionnaire survey items were prepared in discussion 
with each municipality.  Therefore, the questionnaire items 
differ depending on the municipality.  Questionnaire sur-
veys were voluntary, and agreement was obtained by 
answering the questionnaires.  We have made clear the par-
ticipants’ rights regarding their withdrawal of consent 
(Dubois et al. 2021).

Ethics approval
This study protocol was approved by the Ethics 

Review Committee of the Miyagi Cancer Society on 
October 2, 2018 (No. 1805).  This study is a retrospective 
survey.

Municipality A
The questionnaire survey items in Municipality A were 

as follows;
A- Q1.   Did you understand the contents of risk com-

munication activity today?
   (a) Understood, (b) Almost understood, (c) Didn’t 
understand much, (d) Didn’t understand at all,  
(e) Others                            , (f) No response.

A- Q2.   How have you felt about participating in 
today’s activities?
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   (a) Relieved, (b) Relieved a little, (c) Slightly anx-
ious, (d) Anxious, 

   (e) Others                                                  , (f) No 
response.

A- Q3.   If you feel anxious, what do you feel anxious 
about?

                                                                    
A- Q4.   We would like to continue the communication 

activities with today’s structure and content.  
What do you think about it? 

   (a) Today’s structure and content are good, (b) The 
different structures are good                                       , 
(c) No response.

A- Q5.   What administrative efforts do you think are 
necessary to eliminate your anxiety?

                                                                    

Municipality B
The questionnaire survey items in Municipality B were 

as follows;
B- Q1.   How was the time length for the communica-

tion activity today?
   (a) Very good, (b) Good, (c) Neither, (d) Not very 
good, (e) Not good.

                                                                    
B- Q2.   How easy was it to understand the communi-

cation activity today?
   (a) Very easy, (b) Easy, (c) Neither, (d) Not very easy, 
(e) Not easy.

                                                                    
B- Q3.   In terms of the contents of communication 

activities, how applicable (good) are the refer-
ences to your daily life?

   (a) Very good, (b) Good, (c) Neither, (d) Not very 
good, (e) Not good.

                                                                    
B- Q4.   What was your level of satisfaction with the 

communication activity today?
   (a) Very good, (b) Good, (c) Neither, (d) Not very 
good, (e) Not good.

                                                                    
 B- Q5.   If you have any other comments or opinions 

about today’s activities, please add below.
                                                                    

Results
We conducted communication activities on radiation 

risks four times in Municipality A and six times in 
Municipality B.  See Tables 1 and 2 for the details.

Municipality A
Pregnant women, parents, or mothers of 41 families 

participated in the lecture and communication activities 
with radiologic technologists held in Municipality A.  The 
number of responses to the questionnaire survey was 38, 
and the response ratio was 92.7% (Table 1).  The results of 
each answer from A-Q1 to A-Q5 are shown in Fig. 2.

In A-Q1, the answer “Understood” was 31%, “Almost 
understood” was 63% (Fig. 2A).  Regarding the answers to 
A-Q2, 26% answered “Relieved” and 50% answered 
“Relieved a little” (Fig. 2B).  In A-Q3, we asked the partici-
pants about anxiety factors.  Of the 38 total responses, 22 
responses were obtained, indicating that 57.9% of the 
respondents felt anxiety.  The anxiety factors were 32% for 
“Child health effect,” 18% for “Food safety,” and 36% for 
“Radiation effects on the environment” (Fig. 2C).  We have 
extracted the focuses of opinions from 22 responders to 
summarize the A-Q3 results in Fig. 2C, considering that 
A-Q3 is free writing.  Examples of comments on anxiety 
factors are presented below:
・�“Will parents, i.e., we and our children, have symp-

toms of radiation effects some years later?”
・�“Of course, daily life (i.e., washing, ventilation, etc.) 

is uneasy, and I am also concerned about the food 
sold at the supermarket, and about eating out.”
・�“Since the house backs up to a mountain, I would 

normally like to make it possible for my children to 
play a lot.  However, I am worried about radiation, 
so I cannot let the children play there.”
・�“I am worried about my child’s DNA (whether the 

DNA is destroyed).  Can my child have children?”
・�“I am uneasy about vegetables from the affected 

areas or the vegetables that I made myself because 
there has not been any investigation of their potential 
radioactive substances after all.”
・� “Today, my anxiety has been largely resolved.  

However, I am anxious because I do not know about 
radiation.  I believe information that is generally 
reported.

Table 1.  The individual consultation activities on radiation risk in Municipality A.

Place Date
(MM/DD/YY)

Participants
(n)

Number of 
response (n)

Response 
ratio (%)

Public facility in region 1 6/ 4/2011  8  8 100
Public facility in region 2 6/ 4/2011 12 10 　 83.3
Public facility in region 3 7/10/2011 13 13 100
Public facility in region 4 8/21/2011  8  7  　87.5

Total 41 38  　92.7
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Fig. 2.  The results of answers from Q1 to Q5 in Municipality A.
(A) Q1: Did you understand the contents of risk communication activity today?  94% of answers were “Understood” 
and “Almost understood”.  (B) Q2: How have you felt by participating in today’s activities?  76% of answers were “Re-
lieved” and “Relieved a little”.  (C) Q3: What do you feel anxiety about, if you feel still anxious?  Number of respond-
ers who felt anxious is 7 (Participants: 41, Responders: 38).  These show anxieties factor of participants.  (D) Q4: We 
would like to continue the communication activities with today’s structure and contents, what do you think about that?  
81% of answers were “Today’s structure and contents are good”.  (E) Q5: What do you think is necessary for adminis-
trative efforts to eliminate your anxiety?  We have extracted the focuses of opinions from 38 responders to summarize 
the Q5 results in (E), considering that Q5 is free writing.
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In A-Q4, we obtained 81% approval when we asked 
the participants for pros and cons on the structure and con-
tents that conducted lectures and individualized communi-
cation activities (Fig. 2D).  The opinions of the answer “The 
different structure is good” (14%) are presented below:
・�“It would be nice if we (all parents) could casually 

discuss our requests with specialists, municipality 
officials, and teachers at the nursery.”

・�“Please do study sessions and lectures on the effects 
on children etc.”

・�“It may be better to exchange information in a group 
that we created by ourselves.”

・�“I want to listen to the contents of other people’s 
questions in an activity with a few more partici-
pants.”

In A-Q5, the answers about what seems to be neces-
sary to eliminate the anxiety about the effects of radiation 
were mainly “Decontamination,” “Radiation control mea-
sures,” “Provide accurate and detailed information on radia-
tion effects,” “Measure radiation dose details” and 
“Consultation meeting (individual)” (Fig. 2E).  We have 
extracted the focuses of opinions from 38 responders to 
summarize the A-Q5 results in Fig. 2E, considering that 
A-Q5 is free writing.  Here are some opinions of partici-
pants in A-Q5:
・�“I want you to decontaminate a schoolyard and a 

nursery garden.  It is inconvenient that I cannot go 
out with my children, and I am also anxious about 
letting my children play outside.”

・�“I think that municipality takes the situation more 
seriously about radiation pollution and putting it into 
action for children will give a sense of security to 
people raising children in the future.  If I leave this 
as it is, I think the number of children will decrease.”

・�“Please publish it without hiding anything.  Thank 
you in advance.  I want to continue raising children 
here all the time.  Please do your best for the future.  
Thank you very much.”

・�“The individual communication activity was good 
because it was easy to ask about uneasy things.”

・�“It is to measure radiation dose more finely (soil, 
water, food).”

It means that radiation levels on drinking water, home 

grown vegetables, fields, school routes, parks, schoolyards 
can be measured and known.  They wanted to know the 
radiation doses that affect their lives, the future safety of 
children.
・�“I want to have an opportunity to be able to listen to 

more about the municipality’s way of thinking, such 
as what measures are being taken at nursery schools 
and elementary schools.”
・�“I want you to measure daily the presence or absence 

of radioactive material of vegetables and ingredients 
which use for school lunch and show numerical 
value.  (Because it’s every day, I am worried.)”
・�“It would be grateful to have a communication activ-

ity regularly as short intervals as possible (once 
every month or two months).”
・�“I would like these communication activities and 

lectures to be held for the general public (in addition 
to pregnant women and parents of infants).”

Municipality B
Pregnant women, parents, or mothers from 53 families 

participated in the communication activities held in 
Municipality B.  There were 53 responses to the question-
naire survey, and the response ratio was 100% (Table 2).

The results of answers from B-Q1 to B-Q5 are shown 
in Fig. 3.  In B-Q1, the answer “Very good” was 55%, 
“Good” was 34% (Fig. 3A).  Some comments or opinions 
about “Very good” or “Good” are as follows:
・�“Because I had you explain what I wanted to know 

in detail.”
・�“It was good to be able to ask many questions.”
・�“I think each one was good.”
・�“They listened to me until I was satisfied.”
・�“I was allowed to ask questions without minding the 

time, so I could ask and stay calm.”
The comments or opinions about “Neither” are as fol-

lows:
・�“I want some more time.  Half-hour is short.”
・�“Because we cannot end decades of talk in one day.”
・�“I thought it was better not to provide a limit in the 

time.”
In B-Q2, 47% answered “Very good” and 41% 

answered “Good” concerning the understandability of the 

Table 2.  The individual consultation activities on radiation risk in Municipality B.

Place Date
(MM/DD/YY)

Participants
(n)

Number of
 response (n)

Response 
ratio (%)

Public Health Center  8/20/2011 26 26 100
Public Health Center 10/16/2011  6  6 100
Public Health Center 11/16/2011  9  9 100
Public Health Center 12/ 3/2011  4  4 100
Public Health Center 12/18/2011  6  6 100
Public Health Center  2/26/2012  2  2 100

Total 53 53 100
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Fig. 3.  The results of answers from Q1 to Q5 in Municipality B.
(A) Q1: How was the time length for the communication activity today?  89% of answers were “Very good” and 
“Good”.  (B) Q2: How was easy to understand on the communication activity today?  88% of answers were “Very 
good” and “Good”.  (C) Q3: How were the contents of the communication activity?  Can those be a reference in your 
daily life? 89% of answers were “Very good” and “Good”.  (D) Q4: How was your satisfaction on the communication 
activity today?  91% of answers were “Very good” and “Good”.  (E) Q5: If you have any other comments or opinions 
about today’s activities, please add below.  We have extracted the focuses of opinions from 53 responders to summarize 
the Q5 results in (E), considering that Q5 is free writing.
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contents in the communication activity (Fig. 3B).  Some 
comments about “Very good” or “Good” are as follows:
・�“It was explained so that I, an amateur, could under-

stand it.”
・�“It was easy to understand because they answered 

my question politely.”
・�“I could understand even the radiation dose units that 

I did not understand very much.”
・�“It was easy to understand because they explained 

using figures and tables.”
・�“I had you talk in plain language.”
An answer “Neither” was 8%, the comments or opin-

ions in the answer are as follows:
・�“There is no precedent on the effects from the 

FDNPP accident, so there is no accuracy on the con-
tents of this activity.”

・�“There was an easy-to-understand part and a part 
that I thought was difficult to understand.”

・�“I think it was easy to understand, but because it’s 
hard to understand about the radiation originally.”

There were no comments in an answer, “Not very 
good.” The comment in an answer “Not good” was 
“Because the content of discourse in communication activ-
ity was vague.”

In B-Q3, the answer to the question of whether the 
content to be helpful in daily life was 51% for “Very good,” 
38% for “Good,” and 11% for “Neither.” There was no 
answer “Not very good” and “Not good” (Fig. 3C).  Some 
comments about “Very good” or “Good” are as follows:
・�“I was relieved because I could confirm from the 

contents and the charts during the communication 
activity that natural radiation exists in general.”

・�“I found out that the dose of ‘0.5 μSv’ is not a value 
that actually affects humans.”

・�“Because I was able to hear about things to pay 
attention to in my daily life and about places where 
it is easier for radioactive cesium to accumulate.”

・�“I was relieved because I had you tell me in a profes-
sional opinion what I had been worried about from 
before.”

・�“I used to be too sensitive to what we eat (we haven’t 
eaten the food from Fukushima).  However, it was 
explained to me why the food being distributed was 
safe, so I could confirm the safety of food, which 
made me feel a little better.”

・�“I was able to know more about external exposure 
and internal exposure (food etc.).”

In B-Q3, some comments about “Neither” are follows:
・�“Because I was not concerned about food.”
・�“Because I had already read a book about radioactive 

contamination and decontamination of both food and 
soil by myself beforehand; I had already taken mea-
sures.”

・�“I thought that I wanted to be a little careful because 
cesium easily sticks to leaves and soil.”

In B-Q4, the response to the degree of satisfaction 

regarding the communication activities was 57% for “Very 
good,” 34% for “Good,” 7% for “Neither” and one for “Not 
good.” There was no answer “Not very good” (Fig. 3D).  
Some comments about “Very good” or “Good” are as fol-
lows:
・�“It was very good because I could ask directly what I 

wanted to ask.”
・�“At the lectures where a large number of people par-

ticipated, it was not easy to ask, even if I had any 
questions.  I was glad that I could consult individu-
ally and ask questions.”
・�“I wasn’t able to consult with anyone, so I had been 

at a loss alone.  Because I was able to consult today, 
a huge weight has been lifted off my shoulders.”

In B-Q4, the comment for “Neither” was “I wanted to 
know future measures against radiation,” and for “Not 
good” was “I want to discuss with you again.”

In B-Q5, thirty-eight out of fifty-three participants 
filled comments and opinions.  The breakdown is shown in 
Fig. 3E.  The comments on the continuation of the activities 
were 21%, and 45% of the comments indicated that they 
were relieved or helped.  Some comments or opinions were 
entered as follows:
・�“I had no chance to consult about my baby, so you 

were a big help.  I want you to do this activity 
again.”
・�“I hope such a day when family, friends and people 

can live with peace of mind without much influence 
of radiation.  I want you to check because the radio-
activity of vegetables in the field is the most worry-
ing! I hope peace of mind comes back to our daily 
diet.”
・�“I want you to continue this activity in the future.  I 

also want the elderly to have this activity.”
・�“The individual consultation was very good because 

I could ask what I wanted to ask.  I was relieved of 
because I could talk about what I was always wor-
ried and wondered, etc.  I thought that it would be 
better to expand the subject a bit more than just the 
parents with children under one year old (e.g., par-
ents with children under 7 years old).  Not only this 
time; I want you to continue such a communication 
activity for a long time.  I am worried because I 
think the impact will last long, even if the accident 
converges in the future.  I think that it is difficult, but 
I want you to increase the targeted personal commu-
nication activities a little more.”
・�“I was given some polite explanations, but they were 

still specialized and difficult.  I understood that natu-
ral background radiation is present in the environ-
ment, and that even if we live here, we do not imme-
diately get sick or increase the risk of carcinogenesis.  
However, if we have any risk even a little, I am as a 
parent worried about my children.  Through this 
activity, I thought it was necessary to collect infor-
mation by myself and live while thinking about my 
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children’s health.”
・�“I want you to tell me, because I want to know 

where we can get thyroid cancer screening by our-
selves and how much the cost is.”

Discussion
After the FDNPP accident occurred in 2011, we coop-

erated with the two local governments to conduct individual 
consultation activities with pregnant women and parents 
with infants (mostly mothers only) to reduce their anxieties.  
The activities in Municipality A took place within half a 
year of the FDNPP accident.  The activities in Municipality 
B were conducted about half a year to one year after the 
accident.

In Municipality B, there were 26 participants on the 
first day of activities; on the last day of activities, the num-
ber of participants decreased significantly to two.  Although 
the number of participants decreased, the opinion stated in 
the questionnaire survey indicated concern about children’s 
health, which was not different from the main concerns 
expressed when the activity started.  As for the decrease in 
the number of participants, we thought this might be due to 
the influence of the amount of time that had elapsed since 
that accident occurred.

In the activities, we were able to obtain many opinions 
from the participants of both municipalities that the individ-
ual consultation activity was good.  We think that individual 
consultation through dialog was extremely effective.  This 
result is in agreement with a previous study (Murakami et 
al. 2017a).  The activity time was set at 30 min, but com-
munication activities continued until the participants were 
satisfied, even if the set time was exceeded, which has also 
been seen as good.  A previous study (Fujii et al. 2015) 
reported negative feedback regarding activity times that 
were limited to 15 min.  We found the same result in this 
study.  Another point of interest is that, in addition to what 
was planned, the participants requested measurement of the 
environment, soil, water, and food.  We believe that this is 
because Miyagi Prefectural Government and municipal 
governments could not carry out tests of the water, food, 
and soil responding to requests from residents due to the 
various impacts of the tsunami disaster, although they 
wished they could have provided a quicker response.

In 2015, the Third United Nations World Conference 
on Disaster Reduction was held.  During the conference, 
the Sendai Framework for Disaster Risk Reduction 2015-
2030 was adopted (UNDRR, United Nations Office for 
Disaster Risk Reduction 2015).  This framework estab-
lished that “Understanding disaster risks and sharing of 
information” is clearly stated at the top of its “4 Priorities 
for Action.” We believe that the survey results showed the 
importance of providing and sharing information on poten-
tial risks to reduce actual disaster risks and anxieties of the 
participants (Egawa 2021; Fujii et al. 2021).  In 2021, 
World Health Organization published guidance on research 
methods for health emergency and disaster risk manage-

ment.  The guidance describes how to plan, conduct, and 
report various studies under diverse circumstances.  Ethics 
in research is mentioned in Chapter 3 of the Guidance 
(Dubois et al. 2021).  As described in the guidelines, emer-
gencies and disasters have a major impact on people’s 
health and livelihoods.  We think that ethical point is assess-
ing its contribution to social good, potential to save lives 
and reduce suffering, and the significance of knowledge 
outcomes.

In a previous study conducted at Fukushima (Orita et 
al. 2015; Murakami et al. 2017b), participants who are resi-
dents outside Fukushima were deeply afflicted with various 
fears of the radiation exposure effects from the FDNPP 
accident, and we recognized that the response would be 
necessary for wide range of population in a nuclear disaster.  
In previous studies (Orita et al. 2015; Fujii et al. 2015; 
Murakami et al. 2017a), radiologists, public health nurses, 
and nurses’ activities were reported in risk communications 
with residents.  We, radiologic technologists, in daily work, 
have performed medical imaging exams (Chida et al. 2006; 
Matsunaga et al. 2017, 2019, 2021), manage the quality 
control of medical imaging equipment including dosimetry 
(Chida et al. 2011, 2013; Haga et al. 2017; Morishima et al. 
2018, 2019; Kato et al. 2019c; Haga et al. 2020b), and 
explain radiation exposure due to radiology exams for 
patients (Chida et al. 2009; SCoR, The Society & College 
of Radiographer 2019).  We sometimes also respond to 
patients’ anxiety about medical exposure, and attempt to 
reduce any anxiety (Chida et al. 2010a, b).  In this study, we 
believe that radiologic technologists can also be specialists 
in dealing with residents’ anxieties in a nuclear disaster just 
like radiologists, public health nurses, and nurses.

Every time a nuclear accident has occurred, affected 
residents suffer from heartbreaking uneasiness and anxiety.  
In September 1999, Japan experienced the Tokai Village 
Nuclear Accident, which was classified as an International 
Nuclear and Radiological Event Scale (INES) Level 4 
(IAEA, International Atomic Energy Agency 1999; Sato 
2003; Hore-Lacy et al. 2009; Yaginuma 2013).  In that 
event, two people died from accidental radiation exposure.  
Although the scale of that accident varies greatly from that 
of the FDNPP, the anxieties and concerns of residents near 
the nuclear fuel processing facility were almost the same as 
those of residents after the FDNPP accident.  As radiologic 
technologists who understand people’s anxieties due to the 
1999 JCO accident, we participated in the nuclear disaster 
drill for responding to anxieties about medical radiation 
exposure and accident-induced radiation exposure that was 
offered before the FDNPP accident occurred.  The partici-
pation appears to have been beneficial to our training and to 
our actions taken following the accident.  In the 2009 drill, 
responding to residents’ anxieties was included, and MART 
members participated that.  We got the opportunity to learn 
about nuclear disaster exposure.  In 2010, we participated 
with local health nurses, and learned that residents made it 
easier to talk about their anxieties.
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This study does have some limitations.  First, the 
activity area was limited, and the study involved a relatively 
small number of participants.  However, we believe that the 
strength of this study is hearing directly from citizens to 
learn their opinions about the relevant communications.

In conclusion, after the FDNPP accident, we cooper-
ated with the two local governments to conduct individual 
consultation activities and a questionnaire survey with 
pregnant women and parents of infants.  As a result of the 
survey, we were able to obtain reliable evaluations and vari-
ous opinions on individual consultation activities.  The 
results of this study indicate that radiologic technologists 
must respond to the anxieties of disaster radiation exposure 
as soon as possible in the event of a nuclear disaster and 
carry out individual communication activities to contribute 
to the alleviation of residents’ anxieties.

Acknowledgments
We deeply thank Hitoshi Murai of the Japanese 

Society of Radiological Counseling.

Conflict of Interest
The authors declare no conflict of interest.  

References
Chida, K., Inaba, Y., Masuyama, H., Yanagawa, I., Mori, I., Saito, 

H., Maruoka, S. & Zuguchi, M. (2009)  Evaluating the perfor-
mance of a MOSFET dosimeter at diagnostic X-ray energies 
for interventional radiology.  Radiol. Phys. Technol., 2, 58-61.

Chida, K., Inaba, Y., Morishima, Y., Taura, M., Ebata, A., 
Yanagawa, I., Takeda, K. & Zuguchi, M. (2011)  Comparison 
of dose at an interventional reference point between the 
displayed estimated value and measured value.  Radiol. Phys. 
Technol., 4, 189-193.

Chida, K., Kaga, Y., Haga, Y., Kataoka, N., Kumasaka, E., Meguro, 
T. & Zuguchi, M. (2013)  Occupational dose in interventional 
radiology procedures.  AJR Am. J. Roentgenol., 200, 138-141.

Chida, K., Kato, M., Kagaya, Y., Zuguchi, M., Saito, H., Ishibashi, 
T., Takahashi, S., Yamada, S. & Takai, Y. (2010a)  Radiation 
dose and radiation protection for patients and physicians 
during interventional procedure.  J. Radiat. Res., 51, 97-105.

Chida, K., Ohno, T., Kakizaki, S., Takegawa, M., Yuuki, H., 
Nakada, M., Takahashi, S. & Zuguchi, M. (2010b)  Radiation 
dose to the pediatric cardiac catheterization and intervention 
patient.  AJR Am. J. Roentgenol., 195, 1175-1179.

Chida, K., Saito, H., Otani, H., Kohzuki, M., Takahashi, S., 
Yamada, S., Shirato, K. & Zuguchi, M. (2006)  Relationship 
between fluoroscopic time, dose-area product, body weight, 
and maximum radiation skin dose in cardiac interventional 
procedures.  AJR Am. J. Roentgenol., 186, 774-778.

Dubois, C., Wright, K. & Parker, M. (2021)  Chapters and Sections 
3: Determining the scope of your study, 3.4 Ethics in research, 
In WHO Guidance on Research Methods for Health Emer-
gency and Disaster Risk Management.
https://extranet.who.int/kobe_centre/sites/default/files/
WHO%20Guidance_Research%20Methods_Health%20
EDRM_2021_Chapter-3.4.pdf
[Accessed: December 22, 2021].

Egawa, S., (2021)  Progress of disaster medicine during ten years 
after the 2011 Great East Japan Earthquake.  Tohoku J. Exp. 
Med., 253, 159-170.

Endo, M., Haga, Y., Sota, M., Tanaka, A., Otomo, K., Mura-
bayashi, Y., Abe, M., Kaga, Y., Inaba, Y., Suzuki, M., Meguro, 

T. & Chida, K. (2021)  Evaluation of novel X-ray protective 
eyewear in reducing the eye dose to interventional radiology 
physicians.  J. Radiat. Res., 62, 414-419.

Fujii, H., Iimoto, T., Tsuzuki, T., Iiizumi, S., Someya, S., Hama-
michi, S. & Kessler, M.M. (2015)  Collaboration of local 
governments and experts responding to the increase of the 
environmental radiation level secondary to the nuclear acci-
dent: a unique activity to relieve residents’ anxiety.  Radiat. 
Prot. Dosimetry, 167, 370-375.

Fujii, S., Nonaka, S. & Nakayama, M. (2021)  Use of medical 
information and digital services for self-empowerment before, 
during, and after a major disaster.  Tohoku J. Exp. Med., 255, 
183-194.

Fukushima Prefectural Government (2010)  Summary of nuclear 
power administration.
https://www.pref.fukushima.lg.jp/uploaded/attachment/210726.
pdf
[Accessed: December 22, 2021] (in Japanese).

Haga, Y., Chida, K., Kaga, Y., Sota, M., Meguro, T. & Zuguchi, M. 
(2017)  Occupational eye dose in interventional cardiology 
procedures.  Sci. Rep., 7, 569.

Haga, Y., Chida, K., Kimura, Y., Yamanda, S., Sota, M., Abe, M., 
Kaga, Y., Meguro, T. & Zuguchi, M. (2020a)  Radiation eye 
dose to medical staff during respiratory endoscopy under 
X-ray fluoroscopy.  J. Radiat. Res., 61, 691-696.

Haga, Y., Chida, K., Sota, M., Kaga, Y., Abe, M., Inaba, Y., Suzuki, 
M., Meguro, T. & Zuguchi, M. (2020b)  Hybrid operating 
room system for the treatment of thoracic and abdominal 
aortic aneurysms: evaluation of the radiation dose received by 
patients.  Diagnostics (Basel), 10, 846.

Hore-Lacy, I.; World Nuclear Association (2009)  Tokaimura criti-
cality accident, Japan.
https://editors.eol.org/eoearth/wiki/Tokaimura_criticality_
accident,_Japan
[Accessed: December 22, 2021].

Inaba, Y., Chida, K., Murabayashi, Y., Endo, M., Otomo, K. & 
Zuguchi, M. (2020a)  An initial investigation of a wireless 
patient radiation dosimeter for use in interventional radiology.  
Radiol. Phys. Technol., 13, 321-326.

Inaba, Y., Hitachi, S., Watanuki, M. & Chida, K. (2021)  Occupa-
tional radiation dose to eye lenses in CT-guided interventions 
using MDCT-fluoroscopy.  Diagnostics (Basel), 11, 646.

Inaba, Y., Nakamura, M., Zuguchi, M. & Chida, K. (2020b)  
Development of novel real-time radiation systems using 
4-channel sensors.  Sensors (Basel), 20, 2741.

International Atomic Energy Agency (IAEA) (1999)  Report on the 
Preliminary Fact Finding Mission Following the Accident at 
the Nuclear Fuel Processing Facility in Tokaimura, Japan 
1999, International Atomic Energy Agency, Vienna Interna-
tional Center, Vienna, Austria.

Ishii, H., Chida, K., Satsurai, K., Haga, Y., Kaga, Y., Abe, M., 
Inaba, Y. & Zuguchi, M. (2019)  A phantom study to deter-
mine the optimal placement of eye dosemeters on interven-
tional cardiology staff.  Radiat. Prot. Dosimetry, 185, 409-413.

Kato, M., Chida, K., Ishida, T., Sasaki, F., Toyoshima, H., Oosaka, 
H., Terata, K., Abe, Y. & Kinoshita, T. (2019a)  Occupational 
radiation exposure dose of the eye in department of cardiac 
arrhythmia physician.  Radiat. Prot. Dosimetry, 187, 361-368.

Kato, M., Chida, K., Ishida, T., Toyoshima, H., Yoshida, Y., Yosh-
ioka, S., Moroi, J. & Kinoshita, T. (2019b)  Occupational radi-
ation exposure of the eye in neurovascular interventional 
physician.  Radiat. Prot. Dosimetry, 185, 151-156.

Kato, M., Chida, K., Moritake, T., Sato, T., Oosaka, H., Toyo-
shima, H., Zuguchi, M. & Abe, Y. (2017)  Direct dose 
measurement on patient during percutaneous coronary inter-
vention procedures using radiophotoluminescence glass 
dosimeters.  Radiat. Prot. Dosimetry, 175, 31-37.

Kato, M., Chida, K., Munehisa, M., Sato, T., Inaba, Y., Suzuki, M. 
& Zuguchi, M. (2021)  Non-lead protective aprons for the 



Providing the Assistance Needed after a Nuclear Disaster 269

protection of interventional radiology physicians from radia-
tion exposure in clinical settings: an initial study.  Diagnostics 
(Basel), 11, 1613.

Kato, M., Chida, K., Nakamura, M., Toyoshima, H., Terata, K. & 
Abe, Y. (2019c)  New real-time patient radiation dosimeter for 
use in radiofrequency catheter ablation.  J. Radiat. Res., 60, 
215-220.

Kato, M., Chida, K., Sato, T., Oosaka, H., Tosa, T., Munehisa, M. 
& Kadowaki, K. (2012)  The necessity of follow-up for radia-
tion skin injuries in patients after percutaneous coronary inter-
ventions: radiation skin injuries will often be overlooked clini-
cally.  Acta Radiol., 53, 1040-1044.

Kawauchi, S., Chida, K., Moritake, T., Hamada, Y. & Tsuruta, W. 
(2021)  Radioprotection of eye lens using protective material 
in neuro cone-beam computed tomography: estimation of dose 
reduction rate and image quality.  Phys. Med., 82, 192-199.

Matsunaga, Y., Chida, K., Kondo, Y., Kobayashi, K., Kobayashi, 
M., Minami, K., Suzuki, S. & Asada, Y. (2019)  Diagnostic 
reference levels and achievable doses for common computed 
tomography examinations: results from the Japanese nation-
wide dose survey.  Br. J. Radiol., 92, 20180290.

Matsunaga, Y., Haba, T., Kobayashi, M., Suzuki, S., Asada, Y. & 
Chida, K. (2021)  Novel pregnant model phantoms for 
measurement of foetal radiation dose in x-ray examinations.  J. 
Radiol. Prot., 41, N12.

Matsunaga, Y., Kawaguchi, A., Kobayashi, K., Kobayashi, M., 
Asada, Y., Minami, K., Suzuki, S. & Chida, K. (2017)  Patient 
exposure during plain radiography and mammography in 
Japan in 1974-2014.  Radiat. Prot. Dosimetry, 176, 347-353.

Miyagi Prefectural Government (2010)  Gensiryokudayori. Vol. 
112.
https://www.pref.miyagi.jp/documents/10426/3867.pdf
[Accessed: December 22, 2021] (in Japanese).

Morishima, Y., Chida, K. & Katahira, Y. (2019)  The effectiveness 
of additional lead-shielding drape and low pulse rate fluoros-
copy in protecting staff from scatter radiation during cardiac 
resynchronization therapy (CRT).  Jpn. J. Radiol., 37, 95-101.

Morishima, Y., Chida, K., Katahira, Y., Seto, H., Chiba, H. & 
Tabayashi, K. (2016a)  Need for radiation safety education for 
interventional cardiology staff, especially nurses.  Acta 
Cardiol., 71, 151-155.

Morishima, Y., Chida, K. & Meguro, T. (2018)  Effectiveness of 
additional lead shielding to protect staff from scattering radia-
tion during endoscopic retrograde cholangiopancreatography 
procedures.  J. Radiat. Res., 59, 225-232.

Morishima, Y., Chida, K. & Watanabe, H. (2016b)  Estimation of 
the dose of radiation received by patient and physician during 
a videofluoroscopic swallowing study.  Dysphagia, 31, 
574-578.

Murakami, M., Harada, S. & Oki, T. (2017a)  Decontamination 
reduces radiation anxiety and improves subjective well-being 
after the Fukushima accident.  Tohoku J. Exp. Med., 241, 
103-116.

Murakami, M., Sato, A., Matsui, S., Goto, A., Kumagai, A., 
Tsubokura, M., Orita, M., Takamura, N., Kuroda, Y. & Ochi, S. 
(2017b)  Communicating with residents about risks following 
the Fukushima nuclear accident.  Asia Pac. J. Public Health, 
29, 74S-89S.

Nemoto, M. & Chida, K. (2020)  Reducing the breast cancer risk 
and radiation dose of radiography for scoliosis in children: a 
phantom study.  Diagnostics (Basel), 10, 2741.

Nuclear Regulation Authority (2011)  Monitoring information of 

environmental radioactivity level.  Monitoring Plans. Airborne 
Monitoring by MEXT and Miyagi Prefecture.
https://radioactivity.nsr.go.jp/en/contents/4000/3164/24/ 
1304797_0722.pdf
[Accessed: December 22, 2021].

Orita, M., Hayashida, N., Nakayama, Y., Shinkawa, T., Urata, H., 
Fukushima, Y., Endo, Y., Yamashita, S. & Takamura, N. (2015)  
Bipolarization of risk perception about the health effects of 
radiation in residents after the accident at Fukushima Nuclear 
Power Plant.  PLoS One, 10, e0129227.

Sato, T. (2003)  Response of the local health office to critical acci-
dent at a uranium processing facility.  J. Natl. Inst. Public 
Health, 52, 136-139 (in Japanese).

Shibahara, S. (2011)  The 2011 Tohoku earthquake and devastating 
tsunami.  Tohoku J. Exp. Med., 223, 305-307.

Shibahara, S. (2012)  Revisiting the March 11, 2011 earthquake 
and tsunami: resilience and restoration.  Tohoku J. Exp. Med., 
226, 1-2.

Sun, L., Inaba, Y., Kanzaki, N., Bekal, M., Chida, K. & Moritake, 
T. (2020)  Identification of potential biomarkers of radiation 
exposure in blood cells by capillary electrophoresis time-of-
flight mass spectrometry.  Int. J. Mol. Sci., 21, 812.

Sun, L., Inaba, Y., Sogo, Y., Ito, A., Bekal, M., Chida, K. & Mori-
take, T. (2021)  Total body irradiation causes a chronic 
decrease in antioxidant levels.  Sci. Rep., 11, 6716.

Suzuki, M., Suzuki, H., Ishiguro, H., Saito, Y., Watanabe, S., 
Kozutsumi, T., Sochi, Y., Nishi, K., Urushihara, Y., Kino, Y., 
Numabe, T., Sekine, T., Chida, K. & Fukumoto, M. (2019)  
Correlation of radiocesium activity between muscle and 
peripheral blood of live cattle depending on presence or 
absence of radiocontamination in feed.  Radiat. Res., 192, 
589-601.

The Society & College of Radiographers (SCoR) (2019)  Commu-
nicating Radiation Benefit and Risk Information to Individuals 
Under the Ionising Radiation (Medical Exposure) Regulations 
(IR(ME)R). 
https://www.sor.org/getmedia/8f42784b-9786-4bc7-adf5-
ad5c6f836e98/irmer_benefits_and_risks_1.pdf_2
[Accessed: January 30, 2022].

United Nations Office for Disaster Risk Reduction (UNDRR) 
(2015)  Sendai Framework for Disaster Risk Reduction 2015-
2030.
https://www.preventionweb.net/files/43291_sendaiframework-
fordrren.pdf
[Accessed: December 22, 2021].

United Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR) (2013)  Effects and Risks of Ionizing 
Radiation. Report Vol. I.  Report to the General Assembly 
Scientific Annex A: Levels and effects of radiation exposure 
due to the nuclear accident after the 2011 great east-Japan 
earthquake and tsunami. 
https://www.unscear.org/docs/publications/2013/UNSCEAR_ 
2013_Annex_A_JAPANESE.pdf
[Accessed: December 22, 2021] (in Japanese).

Yaginuma, N. (2013)  Toukaimura JCO uran kakou koujou rinkai-
jiko wo furikaeru. 
http://www.sangiin.go.jp/japanese/annai/chousa/rippou_
chousa/backnumber/2013pdf/20130308131.pdf
[Accessed: December 22, 2021] (in Japanese).

Yashima, S. & Chida, K. (2014)  Telephone consultations on expo-
sure to nuclear disaster radiation.  Nihon Hoshasen Gijutsu 
Gakkai Zasshi, 70, 242-249 (in Japanese, abstract in English).


