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A B S T R A C T   

Ten years have passed since the Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in 
Japan, and nine of 33 reactors have gradually been restarted following the new regulations 
outlined by the Nuclear Regulatory Authority. The purpose of the study was to assess the risk 
perception regarding a nuclear accident and to identify common factors related to health among 
guardians residing near the Genkai Nuclear Power Plant (GNPP), one of the nuclear power plants 
restarted after the FDNPP accident. We distributed self-administered questionnaires to approxi-
mately 3400 guardians of children in 36 kindergartens located around the GNPP, including the 
precautionary action zone and the urgent protective action planning zone. We obtained responses 
from 2249 guardians. Results showed that 58.9% of guardians thought that genetic effects would 
occur among the generations who were children at the time of the FDNPP accident. In contrast, 
28.8% of guardians were anxious about their children consuming foods from Fukushima. 
Regression analysis showed that females were 1.9 times more anxious about administering pro-
phylactic stable iodine (SI) than male guardians. A total of 1.5 times more female than male 
guardians considered that genetic effects would occur in the generations who were children at the 
time of the FDNPP accident. Interestingly, there was no significant relationship between overall 
risk perception and the distance of guardians’ residence to the GNPP.   

1. Introduction 

Ten years have passed since the Tokyo Electric Power Company Fukushima Daiichi Nuclear Power Plant (FDNPP) accident in 2011 
[1]. The FDNPP accident caused several complicated issues for individuals and communities, and it has had large and long-lasting 
societal, environmental, and economic consequences [2]. For example, some people believe that children who resided in the 
affected area at the time of the nuclear accident will experience some form of genetic effect due to radiation exposure from the FDNPP 
accident [3]. Further, some people were concerned about the safety of foods from Fukushima due to radioactive contamination, and 
they have avoided purchasing such foods [4,5]. Further, 62% of citizens in 24 countries across the world currently oppose the use of 
nuclear energy, with a quarter of those having changed their minds after the FDNPP accident [6]. Some countries, such as Germany 
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and Taiwan, changed their energy policy and ceased to supply electricity generated using nuclear energy [7,8]. In Japan, the operation 
of all domestic nuclear power plants was stopped immediately after the FDNPP accident. However, following the adoption of new 
energy policy regulations by the Nuclear Regulatory Authority (NRA) of Japan, nine of 33 shuttered reactors (five of 18 power plants) 
have been restarted since September 2014 [9,10]. Nevertheless, the risk perception of people residing near the restarted nuclear power 
plants in Japan has not been clarified to date. 

Kyushu Electric Power Co., Inc.‘s Genkai Nuclear Power Plant (GNPP) is located in Genkai Town, Saga Prefecture, Japan (Fig. 1). In 
2018, two of the four reactors were restarted following the implementation of new regulations outlined by the NRA [11]. Since 2014, 
municipalities near the GNPP started distributing stable iodide (SI) and provided explanations about its use to residents; these 
measures are similar to measures adopted by other countries with nuclear power plants [12–14]. 

Administering prophylactic SI is effective for minimizing internal exposure, especially to the thyroid glands of children, and its use 
is advised given the elevated risk of developing thyroid cancer at a young age after exposure to fallout after a nuclear accident [15–17]. 
On the other hand, it has been reported that guardians tend to be hesitant in medicating their children, with female guardians being 
more hesitant than male guardians [18]. To conduct effective risk communication and facilitate preparations for future unexpected 
nuclear accidents, it is important to comprehend how parental guardians perceive, and react to, hazards such as a nuclear accident [19, 
20]. Consequently, the present study aimed to assess the risk perception among guardians with respect to the health effects associated 
with radiation exposure, food consumption, and medication in areas near the reopened nuclear power plants in Japan. 

2. Materials and methods 

2.1. Study participants 

This study was conducted from January to June 2020 in three municipalities (Genkai Town, Karatsu City, and Imari City) located 
within a 30-km radius of the GNPP in Saga Prefecture, Japan (Fig. 1). In the vicinity of the GNPP, the total population of the pre-
cautionary action zone (PAZ), i.e., parts of Genkai Town and Karatsu City, is 8126 people (2876 households). The number of people in 
the urgent protective action planning zone (UPZ), i.e., parts of Genkai Town, Karatsu City, and Imari City, is 179,503 people (72,241 
households). A self-administered questionnaire was distributed to approximately 3400 parental guardians to assess their risk 
perception of a nuclear accident and the associated health effects. The questionnaire was sent to guardians with children at 36 kin-
dergartens that were randomly selected from approximately 50 kindergartens in the three municipalities. Respondents were not 
required to declare whether the children in their care were male or female. Responses were obtained from 2249 guardians, and after 
excluding 190 incomplete responses, data were obtained from 114 (5.5%) guardians who resided within 5 km of the GNPP [PAZ], 1336 
(64.9%) who resided within 5–30 km of the GNPP [UPZ], 236 (11.5%) who resided more than 30 km from the GNPP, and 373 (18.1%) 
responded that they did not know the distance from their residence to the GNPP. Eventually, 2059 guardians (1819 mothers, 222 
fathers, 16 grandparents, and two others) were included in the analysis (the valid response rate was 91.6%). This study was approved 
by the ethics committee of the Nagasaki University Graduate School of Biomedical Sciences (No. 19083003). 

2.2. Data collection 

The questionnaire used in the study was based on the Fukushima Health Management Survey, which was organized by the gov-
ernment of Fukushima Prefecture after the FDNPP accident [21,22]. In addition, we set question items focusing on radiation exposure, 
food consumption, and medication, referring to previous studies targeting parents [23–26]. 

Fig. 1. Location of the Genkai nuclear power plant (GNPP) in Saga Prefecture, Japan.  
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The self-administered questionnaire assessed the guardians’ risk perception regarding radiation exposure, food consumption, and 
medication using two questions for each of these items. The questions related to medication asked whether they were anxious about 
administering prophylactic SI to their children during a nuclear emergency and whether they were anxious about administering 
general medication to their children. The questions regarding food consumption asked whether they were anxious about their children 
consuming foods from Fukushima and whether they were anxious about giving their children food containing additives. Finally, the 
questions about radiation exposure asked whether they thought that genetic effects would manifest among the generation of people 
who were children at the time of the FDNPP accident and whether they were anxious about their children undergoing radiographic 
examination. For each of these questions, guardians were asked to select from one of the following four responses: “yes”, “probably”, 
“probably not”, or “no”. We classified “yes” and “probably” responses as “YES”, and “no” and “probably not” responses as “NO”. 
Demographic factors, including guardian sex and age, and social factors, including distance from the GNPP to their residence (within 5 
km [PAZ], within 30 km [UPZ], more than 30 km, and unknown), were also included in the questionnaire. 

2.3. Statistical analysis 

After collating the descriptive statistics, we evaluated the differences in the risk ratios for medication, food consumption, and 
radiation exposure responses using a chi-square test. Then, we identified the relative contribution of each factor (i.e., sex, age, number 
of children, and distance from GNPP to home) by binominal logistic regression analysis. All p-values <0.05 were considered signif-
icant. The statistical analysis was performed using IBM SPSS Statistics (version 19; SPSS Japan, Tokyo, Japan) and the SAS software 
package (version 8.2; SAS Institute, Cary, NC). 

3. Results 

Table 1 shows the characteristics of the study subjects. A total of 1496 (72.7%) guardians responded that they were anxious about 
administering prophylactic SI to their children during a nuclear emergency, and 610 (29.6%) guardians responded that they were 
anxious about administering general medication to their children (p < 0.01). Regarding their risk perception of food consumption, 593 
(28.8%) guardians responded that they were anxious about their children consuming foods from Fukushima, and 1087 (52.8%) 
guardians responded that they were anxious about giving their children food containing additives (p < 0.01). Regarding their risk 
perception of radiation exposure, 1213 (58.9%) guardians responded that they thought that genetic effects would manifest among the 
generations of people who were children at the time of the FDNPP accident, and 812 (39.4%) guardians responded that they were 
anxious about their children undergoing radiographic examinations (p < 0.01) (Table 2). 

Table 3 shows the results of the logistic regression analysis. Compared to male guardians, female guardians were independently 
associated with all risk perceptions except for risk 3; foods produced in Fukushima. Specifically, compared to males, females were 1.9 
times more anxious about administering prophylactic SI to their children (95%CI: 1.4–2.6; p < 0.01), and 1.5 times more anxious about 
administering general medication to their children (95%CI: 1.1–2.0; p < 0.01). In addition, compared to males, females were 2.7 times 
more anxious about giving their children food containing additives (95%CI: 2.0–3.6; p < 0.01). Regarding the risk of radiation 
exposure, 1.5 times more females thought that genetic effects would develop in the generations of people who were children at the time 
of the FDNPP accident (95%CI: 1.2–2.0; p < 0.01). Female guardians were also 2.5 times more anxious about their children undergoing 
radiographic examinations (95%CI: 1.8–3.5; p < 0.01) than male guardians. 

Regarding the age of the guardians, compared to respondents younger than 30 years old, guardians in their 30s were 1.4 times more 

Table 1 
Characteristic of the study subject.   

n % 

Sex 
Female 1837 89.2 
Male 222 10.8 

Relationship with children 
Mother 1819 88.3 
Father 222 10.8 
Grandparents 18 0.9 

Age(y) 
<30 298 14.5 
30s 1264 61.4 
40s 475 23.1 
≥50 22 1.0 

Number of children 
1 389 18.9 
2 850 41.3 
3 or more 820 39.8 

Distance from GNPP to home 
PAZ (>5 km) 114 5.5 
UPZ (>5 km, <30 km) 1336 64.9 
30 km＜ 236 11.5 
unknown 373 18.1 

Note. GNPP; Genkai nuclear power plant, PAZ; precautionary action zone, UPZ; urgent protective action planning zone. 
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anxious about administering general medication to their children (95%CI: 1.0–1.8 p < 0.05). Further, guardians in their 40s were 1.4 
times more anxious about their children undergoing radiographic examination (95%CI: 1.1–1.9; p < 0.05). On the other hand, 
compared to guardians younger than 30 years old, guardians in their 30s and 40s were 1.8 times more anxious about giving their 
children foods produced in Fukushima (30s; 95%CI: 1.3–2.5; p < 0.01, 40s; 95%CI: 1.3–2.6; p < 0.01), and 1.7 times more anxious 
about giving their children food containing additives (30s; 95%CI: 1.3–2.1; p < 0.01, 40s; 95%CI: 1.3–2.3; p < 0.01). Furthermore, 
compared to guardians in their 30s, guardians in their 40s were 1.4 times more anxious about their children undergoing radiographic 
examination (95%CI: 1.1–1.9; p < 0.05). 

Interestingly, the distance from their residence to the GNPP was not significantly related to any of the risk perceptions. 

Table 2 
Risk perceptions regarding a nuclear accident and common factors related to health.  

Risk of meditation  % (n) %  

RISK 1 
Stable iodine 

Yes 22.2 (458) 72.7 p < 0.01*a 

Probably 50.5 (1038) 
Probably not 22.6 (467) 27.3 
No 4.7 (96) 

RISK 2 
General medicine 

Yes 8.0 (165) 29.6 
Probably 21.6 (445) 
Probably not 50.0 (1029) 70.4 
No 20.4 (420) 

Risk of food consumption 
RISK 3 

Foods made in Fukushima 
Yes 7.6 (156) 28.8 p < 0.01*a 

Probably 21.2 (437) 
Probably not 47.4 (975) 71.2 
No 23.8 (491) 

RISK 4 
Food additives 

Yes 16.1 (332) 52.8 
Probably 36.7 (755) 
Probably not 36.3 (748) 47.2 
No 10.9 (224) 

Risk of radiation exposure 
RISK 5 

Genetic effects 
Yes 14.3 (294) 58.9 p < 0.01*a 

Probably 44.6 (919) 
Probably not 35.4 (728) 41.1 
No 5.7 (118) 

RISK 6 
Radiographic inspection 

Yes 12.1 (250) 39.4 
Probably 27.3 (562) 
Probably not 45.3 (933) 60.6 
No 15.3 (314)  

a) Chi-square test. 

Table 3 
Logistic regression analysis of Sociodemographic and each risk perception of the guardians.   

Risk of meditation Risk of food consumption Risk of radiation exposure 

Risk 1 Risk2 Risk3 Risk4 Risk5 Risk6 

OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl) 

Sexrowhead 
Male 1 1 1 1 1 1 
Female 1.9** (1.4–2.6) 1.5** (1.1–2.0) 1.4 (0.9–1.9) 2.7** (2.0–3.6) 1.5** (1.2–2.0) 2.5**(1.8–3.5) 

Age 
<30 1 1 1 1 1 1 
30s 0.9 (0.6–1.1) 1.4* (1.0–1.8) 1.8** (1.3–2.5) 1.7** (1.3–2.1) 1.4** (1.1–1.9) 1.2 (0.9–1.6) 
40s 0.8 (0.6–1.2) 1.3 (0.9–1.8) 1.8** (1.3–2.6) 1.7** (1.3–2.3) 1.7** (1.3–2.3) 1.4* (1.1–1.9) 
≥50 0.6 (0.2–1.4) 0.7 (0.2–2.1) 0.7 (0.2–2.3) 0.5 (0.2–1.4) 0.6 (0.2–1.4) 0.6 (0.2–1.6) 

Number of children 
1 1 1 1 1 1 1 
2 0.9 (0.7–1.2) 0.9 (0.7–1.1) 1.0 (0.8–1.4) 0.9 (0.7–1.1) 1.3(0.9–1.7) 1.0 (0.8–1.3) 
3 or more 0.9 (0.7–1.3) 0.9 (0.7–1.2) 1.0 (0.8–1.3) 0.9 (0.7–1.2) 1.3(0.9–1.6) 0.9 (0.8–1.3) 

Distance from GNPP to residence  
PAZ (>5 km) 1 1 1 1 1 1 
UPZ (>5 km, <30 km) 1.0 (0.7–1.6) 1.1 (0.7–1.7) 1.1 (0.7–1.6) 1.5 (0.9–2.2) 1.5 (0.9–2.2) 1.4 (0.9–2.1) 
30 Km< 0.8 (0.5–1.3) 0.9 (0.6–1.5) 0.6 (0.4–1.0) 1.2 (0.7–1.8) 1.2 (0.7–1.8) 0.9 (0.5–1.4) 
unknown 1.3 (0.8–2.1) 1.1 (0.7–1.8) 0.8 (0.5–1.3) 1.1 (0.7–1.6) 1.1 (0.7–1.7) 1.0 (0.6–1.6) 

Note. Binominal logistic Regression analysis, OR; odds ratio, 95%CI; 95% confidence interval, GNPP; genkai nuclear power plant, PAZ; precautionary action zone, UPZ; 
urgent protective action planning zone, Risk1; perception of stable iodine, Risk2; perception of General medicine, Risk3; perception of foods from Fukushima, Risk4; 
perception of food additives, Risk5; perception of genetic effects, Risk6; perception of radiographic inspection. 
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4. Discussion 

In this study, we assessed the risk perceptions regarding a nuclear accident and common factors related to health among guardians 
of children aged 0–6 years residing in the vicinity of a recently restarted nuclear power plant after the FDNPP accident in Japan. The 
GNPP is located on Kyushu Island in Saga Prefecture, about 700 miles from the FDNPP in Fukushima Prefecture on Honshu Island. 
Therefore, the region surrounding the GNPP and its residents did not experience any direct damage due to the Great East Japan 
Earthquake or the subsequent tsunami, or due to the FDNPP accident in 2011 [27]. Although numerous studies have assessed people’s 
risk perception after the FDNPP accident [3–5,21,23] the results of this study provide a foundation that can be used by guardians 
residing close to reopened reactors to mitigate against the adverse effects of a future nuclear accident. 

Surprisingly, 58.9% of guardians responded that they thought genetic effects would develop in the generations of people who were 
children in Fukushima at the time of the FDNPP accident. Based on the findings of previous studies on the FDNPP accident and several 
international scientific reports, there is no scientific consensus of any discernible increase in genetic effects among the people affected 
by the FDNPP accident [28]. A possible reason for the lack of any such evidence is because the external and internal exposure doses of 
people affected by the FDNPP accident were ≤100 mSv, which is considered less than the levels associated with the manifestation of 
radiation health effects, including genetic effects [28]. On the other hand, the Fukushima Health Management Survey also reported 
that 36.0% of people in Fukushima Prefecture had concerns about health effects to their offspring due to radiation exposure from the 
nuclear accident [29]. After the FDNPP accident in 2011, risk perception of radiation exposure and its health effects, including genetic 
effects, tended to recognize negative impact be compared to other common risks, such as food containing additives and radiographic 
examinations. For example, a survey of university students in Japan revealed that radiation exposure was of greater concern than 
global warming or HIV infection [25]. Risk perception depends on a variety of complex factors including trust, education, knowledge, 
and personal experience [30]. Shirai et al. reported that there is a difference in the information received, knowledge about the FDNPP 
accident, and evidence of the health effects associated with radiation exposure between people residing inside and outside Fukushima 
[31]. People residing inside Fukushima who experienced the FDNPP accident showed a gradual decrease in risk perception regarding 
the possibility of genetic effects manifesting in children due to the accident [29]. However, the results of the study suggested that there 
was a gap between the risk perceptions of the health effects of radiation exposure and scientific consensus inside and outside 
Fukushima. Risk perception is also closely linked to health literacy [32], which is defined by the World Health Organization as the 
cognitive and social skills which determine the motivation and ability of individuals to gain access to, understand, and use information 
in ways that promote and maintain good health [33]. A previous study showed that there was a gap between the actual situation and 
people’s risk perception of the radiation health effects associated with the FDNPP accident [34,35]. To bridge these gaps, it is 
important to provide education and/or information to increase health literacy, such as how to gain access to, understand, and use 
health information properly. 

Interestingly, the guardians in this study were more anxious about their children consuming food containing additives than giving 
them foods produced in Fukushima, although a previous study showed that guardians with infants were less concerned about food 
containing additives compared to foods containing radioactive materials [26]. Furthermore, our previous study in Fukushima showed 
that younger generations and females were more anxious about consuming foods from Fukushima than older generations and males 
[36]. The safety of foods from Fukushima attracted considerable interest from other countries in Asia, which negatively affected in-
ternational trade in traditional Japanese brands of fish products, vegetables, and fruits [37]. The anxiety related to the contamination 
of food from Fukushima appears to have subsided over time, although damage to the reputation of foods from Fukushima remains a 
serious challenge internationally. 

Compared to anxiety about administering general medicine, the guardians surveyed in this study were anxious about administering 
prophylactic SI to their children. Administering prophylactic SI is a key strategy for decreasing the possibility of thyroid cancer 
developing among younger generations. In some areas around nuclear power plants in Japan, SI is distributed for free to residents 
under 40 years old [11]. However, 72.7% of guardians in the study indicated they were anxious about administering prophylactic SI to 
their children. Further, our previous study revealed that reasons for guardians not administering SI were “anxiety about the side effects 
of SI”, “distrust of the effectiveness of SI”, “complicated procedures for receiving SI” and “missed the date for receiving SI” [38]. In 
addition, our previous study conducted at the Sendai Nuclear Power Plant, which also resumed operations after the FDNPP accident, 
showed that 89.8% of mothers of infants were anxious about administering prophylactic SI to their children. The mothers who had 
high anxiety about administering prophylactic SI to their children wished to consult an expert [39]. These findings show the 
importance of science-based risk communication initiatives directed at parental guardians to reduce their anxiety and to demonstrate 
how to administer prophylactic SI to children and discuss the side effects of SI. 

In this study, compared to males, female guardians had a higher overall risk perception regarding radiation exposure, food con-
sumption, and medication for their children. In a previous study on the risk perception of food consumption, such as genetically 
modified food, females tended to be more anxious than males [24]. Among younger females who experienced the FDNPP accident, 
more were anxious about consuming food or drinking tap water from the affected area than older males [40]. In this study, the finding 
that the risk perception of factors associated with a nuclear accident, even among people who had not experienced a nuclear disaster 
previously, tended to be more acute among females than males, corroborating the findings of previous studies. Consequently, it is 
important to communicate effectively the risks associated with radiation health effects and radiation protection to guardians, espe-
cially females, residing near restarted nuclear power plants in preparation for future possible nuclear accidents. 

The study has several limitations. First, the questionnaire was administered to the resident guardians of children in only three 
towns around the GNPP, which might have led to sampling bias. Second, the risk perception of genetic effects was relatively high 
among respondents compared to previous studies [29]. Although the reasons for this are very complex and it is not clear how these 
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high levels can be decreased, it is crucial that this issue is addressed in the near future. Third, other factors could be affecting risk 
perceptions, such as social factors and people’s lifestyles. Lastly, our study found sex differences between different types of risk 
perception. However, only 11% of respondents were male, which might have led to response bias; it is possible that male participants 
may have stronger motivations than female guardians. Furthermore, the difference between sexes may suggest differences in paternal 
and maternal outlooks in relation to risk perception. Despite these limitations, this is the first study to examine risk perception among 
parental guardians residing near operational nuclear power plants towards nuclear accidents after the FDNPP accident in Japan. 
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