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Abstract

lodine thyroid blocking (ITB) is effective for preventing childhood thyroid cancer when radio-
active iodine is released into the environment during a nuclear power plant accident. Japan
employs the pre-distribution of stable iodine (PDSI) to residents living near nuclear power
plants; however, the number of residents who have actually received stable iodine to date
remains limited. The aim of this study was to evaluate the profile of guardians of children liv-
ing around the Genkai Nuclear Power Plant (GNPP) in Japan. We distributed self-adminis-
tered questionnaires regarding perception of risks associated with administration of stable
iodide to approximated 400 guardians of children aged 0—6 in 10 kindergartens located in
four municipalities. We obtained responses from 286 guardians, and after excluding invalid
responses, 247 were included in the analysis. Logistic regression analysis revealed that liv-
ing within 5 km of the GNPP (odds ratio [OR] = 4.48, 95% confidence interval [Cl]: 2.43—
8.24), awareness of preferential implementation of ITB to children (OR = 3.33, 95%Cl:
1.78-6.22), and awareness of the prophylaxis booklet published by the local government
(OR =2.53, 95%Cl: 1.37-4.68) were independently associated with PDSI for children. The
main reasons for not receiving PDSI were “anxiety about the side effects of stable iodine”
(40.2%), “distrust of the effectiveness of SI” (23.5%), “complicated procedures for receiving
stable iodine” (15.7%) and “missed the date for receiving stable iodine” (8.8%). In the case
of ITB implementation during a nuclear emergency, it is necessary to clarify the risk percep-
tions of guardians and adapt risk communication accordingly.

Introduction

Prophylaxis of stable iodine (SI) is a key strategy for reducing the risk of thyroid cancer after
consuming foods contaminated by radioactive iodine, such as iodine-131 (**'I), or after inhal-
ing radioactive iodine during an unexpected nuclear power plant accident [1, 2]. Iodine thy-
roid blocking (ITB) is effective in minimizing internal exposure to the thyroid, especially in
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children, adolescents, and pregnant and breastfeeding women living around nuclear facilities
[3, 4]; it is less effective in those over 40 years of age [5]. It is well known that after the Cherno-
byl Nuclear Power Plant accident in 1986, there was a dramatic increase in thyroid cancer
among children [6, 7]. Based on the lessons learned from the Chernobyl accident, it is impor-
tant to implement I'TB in children, and to develop a comprehensive plan for evacuation, shel-
tering, and restrictions on the consumption of contaminated food and water in advance to
minimize the exposure doses of residents due to unexpected nuclear disasters (8, 9].

In Japan, after the accident at Tokyo Electric Power Company’s Fukushima Daiichi Nuclear
Power Station (FDNPS) [10-12], the Nuclear Regulatory Authority (NRA) issued a new frame-
work for iodine prophylaxis following nuclear accidents in 2013 [1]. This framework was
revised in 2019 in accordance with revisions to the World Health Organization (WHO)’s
guideline entitled “Iodine thyroid blocking (ITB)” [2]. The WHO emphasized that the group
most sensitive to radioactive iodine includes children, adolescents, and pregnant and breast-
feeding women. Especially, children are most likely to benefit from, and therefore should be
the preferential target for, the pre-distribution of stable iodine (PDSI). Therefore, the revised
points of the guideline in 2019 clearly recommended the administration of SI to individuals
aged less than 40 years based on previous knowledge obtained after the Chernobyl accident
[13].

In general, PDSI depends on the distance people live from a nuclear power plant. In Japan,
the area within a radius of approximately 5 km of a nuclear power plant is defined as the pre-
cautionary action zone (PAZ), and precautionary urgent protective actions for preventing or
mitigating the occurrence of severe deterministic effects should be prepared for these areas. In
the PAZ, PDSI should be available to all residents under the age of 40. The area within a radius
of approximately 5-30 km of a nuclear power plant is defined as the urgent protective action
planning zone (UPZ), and protective actions for providing prompt sheltering, environmental
monitoring, and implementation of urgent protective actions based on the results of environ-
mental monitoring within a few hours after the release of radionuclides should be prepared. In
the UPZ, PDSI is available only to those who have applied. For smooth implementation of
ITB, SI should be stored strategically at hospitals, public health centers and local community
centers in the UPZ [13, 14].

Kyushu Electric Power Co., Inc.’s Genkai Nuclear Power Plant (GNPP) is located in Genkai
Town, Saga Prefecture, Japan (Fig 1). After the FDNPS accident, operations at all reactors at
the GNPP were stopped. In 2018, two of the four reactors were restarted in accordance with
the new regulations outlined by the NRA [15]. Around the GNPP, the total population in the
PAZ is 8,126 (2,876 households) people living in Genkai Town and Karatsu City, and that of
the UPZ is 254,700 (103,330 households) people living in one town and seven cities in Saga,
Nagasaki and Fukuoka Prefectures [16]. The updated WHO guidelines [2] stated that planning
and education for PDSI to households in the vicinity of nuclear reactors should be carefully
considered. In addition, each local municipality around the nuclear power plant should be
responsible for the distribution of SI and instructing the public on how to use it [12]. Accord-
ing to these recommendations by the WHO, local municipalities in the PAZ around the GNPP
organized annual meetings for residents to explain the distribution of SI and ITB [17]. In addi-
tion, Saga Prefecture published a brochure to help residents better understand procedures for
evacuation, sheltering and ITB during an unexpected nuclear disaster, which was distributed
to all households in the prefecture. Furthermore, prefectures that include a nuclear power
plant hold annual meetings about ITB and SI [18]. Although efforts have been made to raise
awareness of ITB among local residents in Saga Prefecture, their effectiveness has not been
evaluated, especially among guardians of children and infants. Therefore, the objective of this
study was to evaluate the risk perception of guardians with children living around the GNPP.
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Fig 1. Location of the Genkai Nuclear Power Plant (GNPP) in Saga Prefecture, Japan.
https://doi.org/10.1371/journal.pone.0250570.9001

Methods
Study participants

This study was conducted from December 2019 to February 2020 in four municipalities in
Saga Prefecture, Japan, including those within the PAZ and some of the UPZ of the GNPP. We
distributed a self-administered questionnaire regarding perception of risks associated with
administration of SI to approximately 400 guardians of children aged 0-6 in 10 kindergartens
located in the four municipalities. We obtained responses from 286 guardians, and after
excluding incomplete responses and those who did not live within 5 km (PAZ) or 5-30 km
(UPZ) of the GNPP, 247 guardians (228 mothers, 18 fathers and one grandmother) were
included in the final analysis. Prior to the study, we explained to the participants using the
paper describing the study and obtained informed consent from all of them. This study was
approved by the ethics committee of Nagasaki University Graduate School of Biomedical Sci-
ences (No. 19083003).

Data collection

The self-administered questionnaire asked guardians whether they were aware of SI. To those
who answered “yes”, we asked whether they had received PDSI. We defined those who had
received PDSI as the “PDSI (+)” group, and those who had not as the “PDSI (-) group”. We
asked the PDSI (-) group the reason why they did not receive SI, with the following response

» o« d o«

choices: “anxiety about the side effects of SI”, “distrust of the effectiveness of SI”, “complicated
procedures for receiving SI”, “missed the date for receiving SI” and “other”. Multiple answers
were permitted. We also asked about demographic factors including sex, age, number of chil-
dren under 18 years of age, and about social factors including distance from the GNPP to their

home, i.e. within 5 km (PAZ), within 30 km (UPZ), or more than 30 km. We classified age as
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“under 30 y”, “30s”, “40s”, and “50 y or older” In addition, we asked guardians whether they
were aware that it is preferential to implement ITB to children after a nuclear accident,
whether they were aware of the booklet about prophylaxis of SI published by the local govern-
ment, and whether they had used social network services (SNS) to collect information about
radiation exposure. Furthermore, we asked if guardians felt anxious about administering med-
ication to their children in general, and whether they felt anxious about administering SI to
their children. For these two questions, the four response choices were “yes”, “I think so”, “I
don’t think so” and “no”. We classified responses of “yes” and “I think so” as “yes”, and

responses of “no” and “I don’t think so” as “no”.

Statistical analyses

We evaluated the differences between the PDSI (+) and PDSI (-) groups using chi-square tests.
Then, we identified factors independently associated with PDSI using binominal logistic
regression analysis. In the binominal logistic regression analysis, we included “age”, “distance
from the GNPP to the participants’ home (PAZ or UPA)”, “awareness of preferential imple-
mentation of ITB to children”, “awareness of the prophylaxis booklet published by the local
government” and “anxiety about the administration of SI to children” as covariates, since the
p-values obtained from the chi-square tests for these items were less than 0.05. P-values less
than 0.05 were considered significant. Statistical analysis was performed using IBM SPSS Sta-

tistics Version 19 software (SPSS Japan, Tokyo).

Results

A total of 83 of 247 (33.6%) guardians comprised the PDSI (+) group, and 164 (66.4%) com-
prised the PDSI (-) group. 94 of 247 (38.1%) guardians lived in the PAZ, and 153 (61.9%) lived
in the UPZ. 192 of 247 (77.7%) responded that they were aware of SI and 55 (22.3%) responded
that they were not. 82 of 94 (87.2%) guardians living in the PAZ responded that they were
aware of SI, and 110 of 153 (71.9%) guardians living in the UPZ responded that they were
aware of SI (p<0.01) (Fig 2). Among the guardians who were aware of SI, 52 of 82 (63.4%) liv-
ing in the PAZ and 31 of 110 (28.2%) living in the UPZ had received PDSI from the local gov-
ernment (p<0.01) (Fig 3).

229 of 247 (92.7%) guardians were female, 39 (15.8%) had one child, 94 (38.1%) had two
children, and 114 (46.1%) had three or more children. Regarding the age of the guardians, 41
(16.6%) were under 30y, 158 (64.0%) were in their 30s, 48 (19.0%) were in their 40s, and one
(0.4%) was 50 y or older.

Table 1 shows the characteristics of the guardians in this study. Significantly more guard-
ians in the PDSI (+) group lived in the PAZ (n = 52, 62.7%) than in the PDSI (-) group (n = 42,
25.6%) (p<0.01). Significantly more guardians in the PSDI (+) group were aware of the prefer-
ential implementation of ITB to children (n =59, 71.7%) than in the PDSI (-) (n = 60, 36.6%)
(p<0.01). Similarly, significantly more guardians were aware of the prophylaxis booklet pub-
lished by the local government in the PDSI (+) group (n = 50, 60.2%) than in PDSI (-) group
(n=56,34.1%) (p<0.01). On the other hand, the frequency of guardians with anxiety about
the administration to SI to children were significantly lower in the PDSI (+) group (n = 54,
65.1%) than in the PDSI (-) group (n = 126, 76.8%) (p = 0.04). The frequency of guardians
with anxiety about the administration of meditation to children in general (26.5% vs. 32.3%,

p = 0.22), and those with experience using SNS to collect information about radiation exposure
(20.5% vs. 22.0%, p = 0.46) were not significantly different between the PDSI (+) and PDSI (-)
groups, respectively.
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Fig 2. Frequency of residents in the PAZ and UPZ who were aware of SI. “1. Awareness of SI in the PAZ, *2. Awareness of SI in
the UPZ, *3. Chi-square test for the PAZ and UPZ, PAZ = Precautionary Action Zone, UPZ = Urgent Protective action planning
Zone.

https://doi.org/10.1371/journal.pone.0250570.9002

In the PDSI (-) group, the most common reason for not receiving PDSI was “anxiety about
the side effects of SI” (40.2%), followed by “distrust of the effectiveness of SI” (23.5%), “compli-
cated procedures for receiving SI” (15.7%) and “missed the date for receiving SI” (8.8%),
respectively (Table 2).

Logistic regression analysis indicated that living in the PAZ (odds ratio [OR] = 4.49, 95%
confidence interval [CI]: 2.42-8.31, p<0.01), awareness of the preferential implementation of
ITB to children (OR = 3.87, 95%CI: 2.01-7.44, p<0.01), and awareness of the prophylaxis
booklet published by the local government (OR = 2.70, 95%CI: 1.44-5.05, P = 0.02) were inde-
pendently associated with PDSI (Table 3).

Discussion

To the best of our knowledge, this is the first study to investigate the profile of guardians of
children living around the PAZ of a nuclear power plant. We showed that living in the PAZ,
awareness of the preferential implementation of ITB to children and awareness of a prophy-
laxis booklet published by the local government were independently associated with receiving
PDSL
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Fig 3. Frequencies of residents in the PAZ and UPZ who received PDSI. *1. Number who were aware of SI in the PAZ, *2.
Number who were aware of SI in the UPZ, *3. Chi-square test for the PAZ and UPZ. PAZ = Precautionary Action Zone,
UPZ = Urgent Protective action planning Zone, PDSI = pre-distribution of stable iodine, SI = stable iodine.
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We showed that awareness of SI was significantly higher among guardians living in the
PAZ than in the UPZ. Furthermore, the frequency of guardians who had received PDSI was
higher in the PAZ than in the UPZ. If a nuclear disaster were to occur at the GNPP, residents
living in the PAZ who have already received SI would be able to start prophylaxis immediately
after notification from the nuclear emergency headquarters or local public authorities, prior to
evacuation following the permitted the evacuation route plan by the local administration. On
the other hand, residents living in the UPZ would likely be instructed by the national govern-
ment or local municipalities to shelter indoors, and thereafter, depending on situation of the
disaster, they would receive SI from local municipalities just before evacuation, if necessary
[13, 19, 20]. Such different protocols of SI prophylaxis during a nuclear disaster between resi-
dents of the PAZ and UPZ might cause differences in awareness of SI and receiving PDSI
among guardians.

Table 1. Characteristics of the guardians.
Total (n=247),n (%) PDSI (+) group (n=83),n PDSI (-) group (n=164),n | p-value

(%) (%)
Age under 39 years old 199 (80.6) 69 (83.1) 130 (79.3) 0.29
Living in the PAZ 94 (38.1) 52 (62.7) 42 (25.6) <0.01
Aware of preferential implementation of ITB to children 119 (48.2) 59 (71.1) 60 (36.6) <0.01
Aware of the prophylaxis booklet published by the local 106 (42.9) 50 (60.2) 56 (34.1) <0.01
government
Anxiety about the administration of SI to children 180 (72.9) 54 (65.1) 126 (76.8) 0.04
Anxiety about the administration of meditation to children in 75 (30.4) 22 (26.5) 53 (32.3) 0.22
general
Experience using SNS to collect information about radiation 53 (21.5) 17 (20.5) 36 (22.0) 0.46
exposure

Note. Chi-square tests. PDSI = pre-distribution of stable iodine, PAZ = precautionary action zone, ITB = iodine thyroid blocking, SI = stable iodine, SNS = social

network services.

https://doi.org/10.1371/journal.pone.0250570.t001
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Table 2. Reasons for not having received PDSI.

n (%)
Anxiety about the side effects of SI 41 (40.2)
Distrust of the effectiveness of SI 24 (23.5)
Complicated procedures for receiving SI 16 (15.7)
Missed the date for receiving SI 9 (8.8)
Other 12 (11.8)

Note. Multiple responses were permitted. PDSI = pre-distribution of stable iodine, SI = stable iodine.

https://doi.org/10.1371/journal.pone.0250570.t002

In this study, we showed that 36.6% of guardians living in the PAZ had not received PDSIL.
During a nuclear disaster, one major concern is delayed evacuation because it is time consum-
ing to distribute SI [21]. Iodine prophylaxis blocks the uptake of '*'I by the thyroid. Iodine
prophylaxis is 98%-99% effective for blocking radioiodine if it is administered at the time of or
just prior to exposure and is 85%-90% effective 1-2 h following exposure [22]. From this point
of view, the low rate of PDSI is a serious problem not only in Japan, but also in other countries
[23,24].

Our study showed that awareness of the prophylaxis booklet published by the local govern-
ment was associated with having received PDSI. Saga Prefecture, where the GNPP is located,
published an original brochure explaining ITB and the actions that are necessary for residents
to take during a nuclear disaster. Furthermore, the booklet contained information and expla-
nations about the evacuation routes in the PAZ and UPZ areas to shelters outside of a 30-km
radius from the GNPP [18]. According to the new guidelines for iodine prophylaxis issued by
the NRA, PDSI will be available to residents living in the PAZ [24]. In addition, in some areas
around nuclear power plants in Japan including the GNPP, PDSI is also available to residents
living in the UPZ who request it [13, 25]. In view of this situation, it is important to have risk
communication between local authorities, specialists, and residents with respect to ITB and
PDSI, not only in the PAZ but also in the UPZ.

We also showed that awareness of preferential implementation of ITB to children was inde-
pendently associated with PDSI. According to the lessons learned from the accident at the
Chernobyl Nuclear Power Plant, children are the most vulnerable to internal radiation expo-
sure by radioiodine during a nuclear disaster [26-28]. For the smooth implementation of ITB
during an unexpected nuclear disaster, PDSI, especially for children, is very important. On the

Table 3. Logistic regression analysis of guardians who received PDSI.

Variables Reference | OR (95% Cl) | p-/value

Age under 39 years old Yes/No 2.19 (0.97- 0.59
4.93)

Living in the PAZ Yes/No 4.49 (2.42- <0.01
8.31)

Aware of the preferential implementation of ITB to children Yes/No 3.87 (2.01- <0.01
7.44)

Aware of the booklet about prophylaxis of published by the local Yes/No 2.70 (1.44- 0.02

government 5.05)

Anxiety about the administration of SI to children Yes/ No 0.99 (0.50- 0.99
1.99)

Note. Binominal logistic regression analysis. PDSI = pre-distribution of stable iodine, PAZ = precautionary action
zone, ITB = iodine thyroid blocking, SI = stable iodine, OR = odds ratio, 95%CI = 95% confidence interval.

https://doi.org/10.1371/journal.pone.0250570.t003
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other hand, we showed that the main reason why PDSI (-) guardians had not received PDSI
was “anxiety about the side effects of SI”. After the accident at the FDNPS, due to the prompt
evacuation and food regulation policy implemented by Japanese Government, thyroid doses
are estimated to be relatively limited [29]. Actually, thyroid monitoring just after the accident
in Fukushima Prefecture revealed that no children showed a level greater than 100 mSv and
the highest level was less than 50 mSv [30]. These results suggest that iodine prophylaxis was
not absolutely necessary during the accident. Nevertheless, anxieties about iodine prophylaxis
including its side effects were observed especially in parents. Iodine prophylaxis is usually a
single administration, and its side effects, such as skin rash and gastrointestinal discomfort are
relatively rare, according to experiences in Poland which implemented iodine prophylaxis
after the Chernobyl accident [31, 32]. Prior to PDSI, it is important for local authorities and
specialists to communicate with guardians to explain the pros and cons of SI.

There are several limitations in this study. First, we conducted this study only in the PAZ/
UPZ around the GNPP. We need to expand the study area to inside and outside Japan. Also,
this study was conducted just after the commencement of PDSI around the UPZ in Japan.
Longitudinal studies are needed, according to changes in the situation of PDSI in Japan.

In conclusion, we showed that living in the PAZ, awareness of the preferential implementa-
tion of ITB to children and awareness of the prophylaxis booklet published by the local govern-
ment were independently associated with having received PDSI in guardians of children living
around the PAZ of a nuclear power plant. For the effective implementation of ITB during an
unexpected nuclear disaster, it is necessary to clarify the risk perception in guardians, and to
continue risk communication.
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