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Abstract — After the Fukushima nuclear accident in Japan, a number of practical activities related to public
understanding (PU) of radiation risks were implemented inside and outside Fukushima Prefecture. The
various noteworthy approaches and strategies behind those practical activities have not been organized and
made explicit thus far. In this study, we have organized the noteworthy practical activities related to PU of
radiation risks following the Fukushima nuclear accident, and discussed them mainly from the standpoints
of communication strategies and approaches. As several examples demonstrate, efforts to contextualize and
localize radiation risk in various forms were observed during post-accident recovery in Fukushima, and
these efforts were confirmed, through actual experiences, to be an important component of effective PU
activities of radiation risks. Community-based or citizen science approaches, such as having affected
residents or citizens to measure radioactivity, have contributed to the PU of radiological situations, but some
challenges, such as ethical aspects and the handling of uncertainty, have also been revealed. In the era of
information and communications technology, a number of citizens, experts, and agencies have made social
media a popular platform for disseminating radiation risk messages to the public and have demonstrated that
social media can play an important role in providing radiological risk information. The knowledge and
lessons learned from the practical activities discussed in this study can be useful in enhancing PU of risks not
only radiation but also other stressors such as toxic chemicals, preparing future disasters and supporting risk
communication plans during recovery periods after disasters.
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1 Introduction

After the Fukushima nuclear accident in Japan, a number
of practical activities related to public understanding (PU) of
radiation risks were implemented inside and outside Fukush-
ima prefecture. Although the large amount of information
provided to people does not appear to have significantly
improved PU of radiation risks, the quality of the information
may have only accelerated the bifurcation of the public debate
because of different ideas and opinions expressed by radiation
experts via the news media (Science Council of Japan, 2014).

*Corresponding author: w-naito@aist.go.jp

The experience with PU of Genetically Modified Organisms
(GMO) and Bovine Spongiform Encephalopathy (BSE) issues
in UK has led to a shift from a “deficit model” style of
communication to two-way communication between the
public and scientific communities. In the immediate aftermath
of the Fukushima nuclear accident, many radiation risk
communication practices were a form of the “deficit model”
communication style; as time passed, interactive or collabora-
tive two-way styles of communication have appeared
(Horikoshi ef al., 2019). A number of interactive practical
activities, including pragmatic researches related to PU of
radiation risk, gradually emerged after the Fukushima nuclear
accident. Innovative or unique forms of practical PU activities,
such as the social networking service (SNS) and citizen science
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approaches, were also realized. Amidst growing anxiety
about radiation risks in the wake of the accident, citizen
scientists in Japan and abroad voluntarily collected informa-
tion on radiation exposure and disseminated it to the public
using SNS and other means, apart from official information
sources (Brown et al., 2016). Citizen science is the practice of
public participation and collaboration in scientific activities,
such as the collection and analysis of empirical data. In recent
years, the use of advanced information technology such as
smartphones and GPS receivers has become more popular in
collecting scientific data, especially in Europe and the United
States. This is emblematic of the nature of PU activity in the
era of information and communication technology (ICT). Co-
expertise processes (Lochard et al., 2020) and community-
based approaches were also observed in affected areas of
Fukushima. Many activities related to PU of radiation risks
implemented in Japan are not well organized or documented
in the literature, are sometimes documented only in Japanese,
or are inconspicuous, making it impossible to refer to them
even if they could contribute to important lessons regarding
the PU of radiation risks in the future.

Horikoshi ef al. (2019) examined approximately 500 prag-
matic researches and activities related to radiation risk
reduction and communication after the Fukushima accident
using cross tabulation, text mining, and correspondence
analysis. They evaluated the contributions of academia/experts
and revealed that the main practical activities changed over
time and that the activities differed by area. Murakami et al.
(2017) reviewed medical professionals’ risk communication
activities in Fukushima Prefecture from the prefectural level to
the individual level and found that the activities generally
started with communication about radiation risks, mainly
through group-based discussions, but gradually shifted to face-
to-face communications to address comprehensive health risks
to individuals and their well being. They observed that the
purpose of these activities shifted from “promoting scientific
understanding” to “supporting the decision-making of
residents (Engagement)”. Yamaguchi et al. (2018) reviewed
risk communication guidelines and public health activities
regarding radiation risk communication after the Fukushima
disaster and concluded that successful practices are those that
are helpful to the local community, supported by the local
community, and observable in the local community, and that
are supported by strategic approaches with a team organized by
many experts in local areas, including local risk communi-
cators.

Although the above-mentioned studies provided valuable
insights into the activities related to PU of radiation risk, few
studies have reviewed the practical PU activities of radiation
risk implemented after the accident or attempted to make them
knowledgeable or to discuss lessons learned in order to prepare
for future nuclear accidents. Various approaches and strategies
underlie the activities related to PU of radiation risks
conducted after the accident, but these have not been well
organized or made explicit thus far. In the current paper, we
have organized the noteworthy activities related to PU of
radiation risks implemented after the accident and discussed
them mainly from the standpoint of communication strategies
and approaches.

2 Methods

Examples of practical activities related to PU of radiation
risk after the Fukushima accident were collected from the
database (about 500 in total) created in Horikoshi ez al. (2019), as
well as from academic papers, government reports, websites, and
books. The database from Horikoshi et al. (2019) covered
practical activities reported between 2011 and March 2017. The
first author first selected candidate examples for analysis, and
then, based on discussions among co-authors, determined which
examples to analyze. We selected those that featured either two-
way communications among stakeholders or an innovative or
unique means of communication. Each extracted example was
systematically organized using an information organization
sheet. Each example was analyzed and discussed from the
perspective of communication approaches and strategies, and an
attempt was made to identify characteristics and lessons learned
that could be used as a reference for future activities to improve
PU of radiation risk.

3 Results

3.1 Overview of selected practical activities related to
PU of radiation risk

Examples of the practical activities covered in this analysis
are shown in Table 1. Twenty-one examples were extracted and
categorized into five categories: community-based approach
(CBA; seven examples), researcher (including academic
institution)-driven approach (RDA; two examples), dialogue
and meeting (DM; two examples), citizen science approach
(CSA; two examples), and innovative or unique communica-
tion strategies and approaches (IUCSA; eight examples). The
characteristics of the examples in each category are described
below. Although categorization is not a common practice, it is
organized according to these categories for convenience. There
are also examples of practical activities that include elements
of more than one category.

In the present paper, CBA is defined as an approach in
which affected communities are actively engaged in planning,
monitoring, and evaluating the radiological situation of the
local environment with the help of experts. In the selected
examples, the community or local residents play a central role
in understanding radiological situations in their local environ-
ments. The process of measuring and interpreting their own
radiation levels in their environment by themselves, sometimes
with the help of experts, is a hallmark of these examples.
Although radioactivity measurement is a necessary component
in the selected PU activities, the ultimate objectives of the
activities addressed here were to determine whether it was
possible to live safely, reclaim daily life, or start agricultural
activities in affected areas, or whether further measures were
needed. In addition, some activities introduced here have been
recognized as good examples of a co-expertise process in the
aftermath of the accident (Schneider et al., 2019; Lochard
et al., 2020).

RDA is defined as an approach in which PU activities
related to radiation risk are driven mainly by institutional and
academic researchers. There are many examples of such



299

W. Naito et al.: Radioprotection 2020, 55(4), 297-307

prom
91} JO 1SAI 2} 0) BAIE A
ul pa1ayes uoneuLIOjul Y}
JO 9INSO[ISIP ‘SIUSPISAI Ay}
10J 2180 [y 52 SWIOIA
dY) I0J dIeD SaLnsnpul
MU JO UONEBAIO A} 10f
s100fo1d j011d ‘aanynonige
JO uonezIeAdl ay) 10J
sy00fo1d joq1d ‘sar3ojouyoay

UOT)BUTUIE)UOOID oFeqqIa areN|
Surdojoaap U0 SILISNPUI PAIAUID suadxa ‘s1ounrey
{Kranoeorper SuizA[eue  -[eIM)NOLIFe JONISUOIAI pUB SI99IUN[OA euysmng
10T v 12 ouuey] -1102 ssao01d osn1adx9-0)  pue uoneipel JuLINSBIN puB SIAI] p[INGa1 O], ey Jo s1o3e(IA  Aq paSeuew ‘OdN JO uonoaLINSNY,, S-veaD
Surure| amynoude
[enuatadxa pue pooy [890] 93BINOJUS 0} pue Jooyas
douasald diysiopea| [€90] Ul SUONBNUIIUOD ‘SIIINOSAI [BIO] JO JOB[ Ay} eAnewey,, ‘weidord
‘Surop £q Surures| WNISO00Ipel Pu. Sojel  [PIM [BIP 0) ‘ANUNWWOd suadxo Surured| 9AnORIOIUI pUR
020 v 12 eensex —L107  ‘ssooo1d ospiadxe-0)  9sOp judlquIe FULINSBIN [890] 9y} UAYISUALS O, SIUOPISAI [BDO]  PUB S)UIPISAI [BO0]  SIUAWAINSBIUI UOIIRIPEY p-veD
IS JUSPIY
Ted[onN IYydIIe BWIYSnyN,{
1) JO 2IOYSIJO UOTEMIS
[eo130[0Ipel SuLIBW
dy) puejsIopun 0} ysy ul
8107 ‘TysereS| Surop Aq Surtures] wnIsoooIpel SULINSLAW PUB  BAS [eM] d) JO uonenyIs spadxe  OqeT-TuI() W [oIedsay
‘810C ‘nsyewioy] —€10T ‘KNIATIOR PII-URZNI) ‘Usy Surjooo pue Surgoie) JUSLIND I} PUBSIIPUN O SJUOPISAI [BDO]  PUE S)USPISAI 800  oryderSourso nem] YL ¢-vdaD
uonenyis [ed130[01pel
[e90] oY) puejsIopun ammouge
0} [10S UI SUOTJEIJUSIUOD puE SONIUNUILIOD oFe[IA areN] ‘Ayunuuuiod
L10T 7P 12 1IYs| douosaxd diysiopes] WINISad0Ipel pue sojel 9ZI[B)IAQI PUB UONJBIPRI suadxa IYON0SOA -0qnQ
{9107 ‘OWOILION 9107—€107  ‘sseooid osniadxe-0)  9sop judiquie SULINSLI[N JO sme)s o) SsIsse o SJUOPISAI [BDO]  PUE S)USPISAI [EOO0T UT JUSWAINSEIUI UOTIRIPERY -vaD
*SJUOpPISal
JO jJudwaInseaw Apoq
-o[oyM 31} ‘OS[e ‘uonenyIs
[eo130]01pel [BI0] Ay}
S10T ‘Opuy $610T puBJSIOpUN 0} JOPIO Ul POOJ Ajunuuod
“Ip 12 I9pIOUTDS PUE [I0S UT SUOTJEIIUIIUOD O Ul SANIATOL [eINjNoLISe [eM]
910¢ ‘opug douasald diysioped] WINIS9O0IPeI pue sojel  Jurwnsar jo sanifiqissod syadxo ‘Auunwiwo)) 13nsyeng
£0T0T v 12 preydo] —1107  ‘ssedoid asnradxe-0)  9sop judlquie SuLINSBIA oY) puejsIopun oJ, SJUOPISAI [BDOO]  PUB S)UIPISAI [ED0] Ul SJUSWAINSBIUI UOIIRIPERY [-vdD
syuedionted/ dar-
REN| poLg saImeaJ Aoy SONIATIOR UIBJA| asodmg SoLIBIOYoUdg s19zIue3I0 JweN , A103918)

BwIysSNyN ur pajuowd[dwur ySu uonerpel Jo Nd 03 paje[ar senianoe [eonoerd jo sojdwexyg ‘1 dqel,



W. Naito et al.: Radioprotection 2020, 55(4), 297-307

300

uoneIpel 0} PajIwI|

10U SI UOIIE}[NSUO0D Y]
"SJUSPISAI 0] SUONB)NSUOD
y}[eay duo-uo-ouo apraoid

(ASojopoyowr yvddl) 0} Aypedounu yoead

1102 A3ojopoyow oan3oferp 03 03 ‘sIUN[OA Furpnjour [)[eay pue uonerper 100fo1d uoneynsuoo
“Ip 12 TWERINIA] —1107  uaaoxd jo uoneoriddy ‘sreuorssojoid [edIpalN  Inoqe AjoTXUE 90NpaI O S19Se[IA 91eII] NNAa j[eay NZOIOx,, T-INA
SJUOPIOJ. IBI[ONU
Jolew 19)Je A19A0091
10} SUOTIEPUSTIIONAT YD puokaq pue ueder
PISIARI UL )1 J9aI 0) pue wolj spadxa M 19303
‘Qouonadxa s1y) woiy ures| y10m 03 Ayunyroddo
0} ‘SJUAPISAI [e00] Aq PaoE] ue pue ‘sooudradxd spadxa
soSua[eyo Ay puejsiopun  oreys o} wnioj e 9jdoad uonos9j01d uonelpel andofeiq
0} JYDI pue ‘syuedonred  [eoof Surald £q juoprooe [euoneUIAIUI BuIIYSOYN,],,
610T v 12 UOTEOIUNUILIOD I0J S)ISIA YIS ‘S3urjodw Tyole( BUIIYSNYN,] ‘orqnd Texoued OdN ‘s109)unjoa anJoreig
PIeYo0T ‘9107 ‘Opuy -1102 S pa[-Aoyiny anJojerp Sunonpuo) vy Iye A1940921 djoy of ‘SJUOPISAI [890] 1e20] ‘T¥DI ewysnynJ/ddD1 I-INd
pouad Suop
® 10J BOIR QU UI PAAEIS
oym asinu yyeay drqnd
& Aq ey pue aInsodxo UuonONNSU0IAT
uorjerpel uo SunNSUOd  JOJ PUB SEOIE UOHBNIBAD
[enprArpur 3unonpuod JOWLIO) Y} 0} UINaI Aunuwuod (Ays1oatun pyesedeN
810C PUB SJUSUWIUOIIAUD [BJ0] Ul S)USPISAI 9y} 1o Joddns JYNULIOS pue ¢:3°2) suonmIISul JIWAPLOL
v 12 eInwee], -1102 §59001d 9s110dx2-0) S[OA9] UOnRIPEI FULINSBIA oynuards apiaoid of, Arunwuwiod 007 SONISIDAIUN) AQ UdALIP saAnRnIU] -vad
sonuoyne Seale PajIdfJe Ay
0202 JSNI) [O0] PUB SJUSPISAI [BOO]  JO SUONIPUOD [BIISO[OIPRI
‘9107 v 12 1PNYQ Suipping quowadesus  jo djoy yum ewrysmyng J1)S1[B3I puE)sSIdpUN 9rdoad teoo] Jo
-BPIYSOX <L10T o11qnd ‘yoreasar ul seale pajofje Ay ur 0) JOPIO UI dOUIPIAD sonuoyne pue djoy YIm SIOUOIBISAI SIOYIILSAI Aq PI] YoIeasal
‘910 “v 12 ONEN -110T Paseq-AjuUnuwwo)) S[OAJ] UOIIRIPEl FULINSBOJA [eouidwo urejqo o AJuUNUIUIod dYNUAIOS onwepeoy  onewdeld aAnRIOqR[[0D I-vad
SOAJOsWAY) Aq
Splepuejs,, pue  Spoyjow
JUdWoINSLIW,, FUIPIOAP
‘SIOpJOYaYEIS [BI0] syonpoxd 21doag uemiysey| ayy 10J
oouasoid diysiopes]  Aq sjonpoid [ermnouSe [eInynoLde [eI0] dWNSUOD SIOWNSU0Y  s)adXd ‘sIoWNSU0D S10NpoIJ UBMIYSE]
7107 ‘Iyseres| Z102-110T quowagesus ornqng [e00] SULINSEI]\|  puB [[9S O} IS P[Ing O],  PUB SIOWLE] [BDO]  PUB SIOULEJ [BOOT  J1OJ SUIjOdW 9[qeIpunoy,, L-VEaD
BUIIYSNYN,] OPISINO
pue opisul dunys- Aq BuIIYSNYNJ
SOSOP [BUIAIXD [ENPIAIPUT JnNoqe prIom I [}
S10T v 12 WYORPY Sunmsesw ‘S)uOpN)s pue LWIYSNYN] UI UONEMIS A)UNWUWOD JTUIIPEIE [ooyos ySIH ewrysnynj
G107 “v 12 eIRH 9102-+10T KJIATIOR PI[-JUuopm§ [00yos-ySIy Aq poT  JUSLIND AU} PUEBISIOPUN O], ‘SJUOPNIS 1890 SIUIPMIS [00YOS YIIH Aq 109fo1g  PmNYS-d., 9-vdD
syuedionted; ar-
REN| poLd somyedy Ao SONIAIOR UIBIA] asodimg soLeIOYoudg s1ziue3iQ JweN , A103918)

"(ponunuoo) °1 d[qeL,



301

W. Naito et al.: Radioprotection 2020, 55(4), 297-307

‘ouIzeSew  QQNUIYSIYITA UBqRIBMET],,
suornyefar orqnd peax

s1oge[[1a
JurzeSew SUOTIE[AX pajenoeAs 1oy Afurewr

-0)-Ased ‘quawaAjoAur rqnd ur wayy Surzoiqnd ‘yiesy pue uoneIpel Jnoqe

uorjeIpel Jnoqe oulzeSewr
suonear orqnd v

SUOTIMIISUI OIWAPEOR QQIIYSIYOTA

Z10T “3e[[Ia a1e)] 9107-210T Iop[oYaYeIS pue Sa[o1Ie SUNLIA uoneuriojur apraoxd of, SI9TEIIIA pue J3e[[IA AjeN] ueqeremey,,  H-VSOI
SUOO}IEO Ul sofessour
pUB)ISIOPUN-0)-ASBd
paziorqnd pue euwiysnYN{
ur suonIpuod [edrdojorper
Surpregoar suonsonb snorrea BUIIYSNYN] Ul SUOBN)IS
siadxa payse ‘aInyo9faId noqe suondoouoosiu
SOIAOUI PUB BUUIYSNYN,] WOIJ UBIPIUWIOD SA)BUIUI[D JBY) UOT)BUWLIOJUI (. suonsan() sysy IqnseN],,)
102 “AON —107 9)1Sqam [00Qq OIW0d osauedef ® ‘IqnseN 1091109 dIeyS O, o1qnd [e1ousn A0 Jowin ou IqnseN,,  €-VSJI
][00} [eUOTIBONP 100} spaeo Surkerd o[rym yIedy o1qnd
€107 ‘yonSuoy 107 ‘yoeordde aanesouuy [euoneonp Surdo[oAd ~ UOBBIPEI PUBISIAPUN O orqnd [e1ousn Jo MuSu] [euoneN Jarend) uonerpey,,  g-VSOI
jeuio} y20 9)1SqaMm 2y} uo sy0 SUZNIO
JeWLIO} puB)sIapUN Surzionqnd pue orqnd PAUIAOUO0d 0} UONRIPEI QT
020T v 12 -0}-Ased ‘AjiAnoe  oy) wolj suonsanb pajerar Uuo UOIBULIOJUI £)21008 SOISAyJ  A[Ie( Ul UOIjRIpEY INOqe
ouoy ‘z10¢ ‘ouidQ 7107110 PoJ-A19100S JIWUOPRIY -uorjeIpel SuULIMSUY 3 oyp opraoid o, a1qnd [erousn yieoy 9sdueder  siomsuy pue suonsang),, 1-VSDOI
UOTJBUIUERIUO0D
9ATIOBOIPEI 0}
pare[ar swajqoid Surajosal
PUE SOINSBIULIAIUNOD
Surouongur
JO wiIe Jy) [IM [OIeasal
KoAIns o Jo synsax
9y} uo paseq suorurdo
ystiqnd 03 ‘ejep pajo9[[0o
9y} UO Paseq [oIeasal
KoaIns pue sisATeue
UuMmo Ino N0 ALred 0}
‘S9110)BIOqE] JUSTAINSEIW
Sunedronied ay) jo
sonbruyo9) SuLmsesw pue
a8pajmouy| ay) daoxdwir 03 orqnd 2y} 03 woy (sqe1
‘S9110JBIOQR] JUSWAINSBIW  JBUTWASSIP pue wojjerd Surmses[y AjAnoBOIPEY
810¢ ‘wea], 109(o1g Supedionied ay) woly ejep UOuIwoo & OJul Blep Suazn1) Jo aseqere
ueder jo depy ejeQq JUOUIDINSEAW A)JIAIJOROIPEI  JUSWIOINSEOUI A)IAT)OROIPEI Sa1I0jBIOqR] QATIOQN[0D) NS BIR(
uoneipey Sudzni) —€10T Qouaros uoznr) Juiziorqnd pue Sundqjo) a3 Jo [e 9)eidaur o, orqnd [erousn 18201 ‘OdN (S, 2UOAIOAQ) OU-BUUIA 7-VSD
(uonyerpel [BIUSUIUOIIAUD
©3°2) BIEP [BIUSWIUOIIAUD
quruo ejep ayj Sunsod  Ie[NURIS pue ‘9[qISSAIE SIOJUN[OA
9107 ‘v 12 umorg -1102 Q0UQIOS UOZNI)  PUB UONBIPRI FULINSBIN ‘InJasn 9eaId O, oIqng [BIOUAD  [RUONBUINUI ‘OJN 158D 9Jes I-VSD
syuedionted; ar-
REN| poLg sarmeay Aoy SONIATIOR UIBJA| asodmg SoLIBIOYoUdg s10zIue3I0) JweN , A103918)

"(ponunuoo) °1 dqeL,



W. Naito et al.: Radioprotection 2020, 55(4), 297-307

302

amsodxo
uonerpel Suronpal s9)Is 98e10)S
Krerodwo) ouIuLIdlop 03

109139 9} PUE JUSWIUOIIAUS PUE SHIOM UOTJBUTIIEIUOOP

UO UOTJRUTWIEIUOIIP JO

UONEIIUNWWIOd AU} Ul WNISAV0Ipel 10} SJUSPISAI

Ao

dAjRAOUUL J[qISIAUI 9ZI[ensIA 9y} Suowe SNSUISu0d pue 9)e(] JO UOIRUILIBIUOIIP
10T A g -1102 ‘douasaid diysiopea] 03 speaq onseld Suis)  Surpuejsiopun ue ured of, SJUSPISAI [800] SI0YJo A1) areq uo suonedUNWWo)  §-VOSI
3009-0
ue se paysijqnd 10je] sem
A)1AT)OR QU )1 PASSNOSIp
pue _sjuopnys,, se suonsonb
payse “1adxe uonerper
© S1 3uipnjour ‘s19sn pudLj
's3s0d JO SOLISS B UI JOPIM)
uo [11dYOI poure[dxd
pue 10yoed) € JO 9[0T ‘111 uoneosrqng
7107 ‘A10Anq@) UONBOIUNUILIOD [BN}IIA oy pakerd 1osn 1onIM], D] Wolj suoss9| IONIML, uo [11dYDI
pue ojoyd] (@) 7107 “SNS Jo osn oAndoyH paseq-ewysnyn, y  pue uonewIojur ures of SIOSN IoPIM, SIOSN JoPIM], Jo Sutures[-g 9AOY  /-VDSI
sordoy
Jel[Iuie] pue suwnjod  ‘uoperpel jo oidoy ay) uo
yoys ‘rodedsmou  Sursnooy Jededsmau [e00]
S10T [e00] Aq UOIJRUIWIASSIP O} UI SUWIN[OD JO SOLIOS uonerper WOo0ISSe[d
‘nAuIy ewuIysnyn,g —610¢ uoneuLIONu| © S9)LIM J0JO0p [800] VU0 uonewojur opiaoid o, orqnd [eso0 1odedsmou [ed0]  uonerper sexoqns] I 9-VISI
UONBWLIOJUI
ssao01d Popadu M WY
asn1adx9-00 ‘suradxo Suipiaoid £q ojdoad eoo]
[eoo1 ySnoayy ojdoad UM jsna pring suadxo
[€90] Y3 UOHEIOqE[[0d Teoo] djoy 03 ‘syuoprsar
‘uonezieso| pue s119dx9 [800] U2IMIOq (SOAUIMY
020C ‘epoIiny 8107-L107 PUE UOHEZI[EIX)U0)) VN 00} UOTJBOTUNWIWIOD syadxo [eoo O ‘sHodxg  I0j Joy0og UOHBWIOU],,  G-VSDI
UuoneZI[eo0] s1o8e[Ia
pUE UONBZI[EN)XIUO0D 9)eju] 10J yjesy pue
syuedionted; ar-
REN| poLd somyedy Ao SONIAIOR UIBIA] asodimg soLeIOYoudg s1ziue3iQ oweN 4 A103918D)

"(ponunuoo) °1 d[qeL,



W. Naito et al.: Radioprotection 2020, 55(4), 297-307 303

initiatives conducted by researchers in cooperation with
residents, such as (Naito ez al., 2016, 2017; Yoshida-Ohuchi
etal.,2016,2020). Researchers from outside Fukushima, with
the cooperation of local residents, measured personal or air
doses of radioactivity in living environments such as houses,
and explained the results to the residents. Some universities set
up satellite offices in the evacuation municipalities and
conducted risk communication for residents. In the village of
Kawauchi and the town of Tomioka, the Nagasaki University
has been involved in communication with residents by
stationing specialists in the satellite offices to build a sense
of trust with them (Takamura et al., 2018). The cases selected
here were distinctive in that not only were the results of
individual measurements fed back to the participants or local
community, but the results were summarized in academic
papers and often utilized as reference materials in municipal
and government decision-making processes.

Many dialogues and meetings were held to improve PU of
radiation risk after the Fukushima accident, such as ICRP
Dialogue/Fukushima Dialogue and the activities conducted by
Fukushima Medical University. ICRP Dialogue/Fukushima
Dialogue was a series of dialogue meetings involving national
and international experts and local residents (Lochard ef al.,
2019). Flexible themes were discussed, depending on the time
of year, and were used to build relationships and share
awareness of issues. The application of a proven dialogue
method, i.e. IDPA (Identification, Diagnosis, Prospective,
Action proposals) method (EURANOS, 2009), contributed to
the sharing of values, the promotion of mutual understanding,
and an understanding of the diversity of “interpretations”
among residents. In the Yorozu (“general”) Health Consulta-
tion, one of many risk communication activities initiated by
Fukushima Medical University, medical personnel visit
municipalities to provide health consultations for local
residents (Murakami et al., 2017). Hundreds of volunteer
medical personnel from all over Japan participated as
consultants. Consultations are held during events such as
mass medical checkups in municipalities and are designed to
reduce the avoidance of learning about radiation by creating a
“face-to-face relationship” through one-on-one communica-
tion and not limiting the consultation to the subject of
radiation. These examples are unique in that they are designed
to be places where participants can share their experiences and
thoughts not only about radiation, but also about their present
and future life as well as their health concerns regarding living
in the affected areas.

Citizen science refers to scientific activities performed by
amateur scientists. Following the Fukushima accident, some
citizen science groups endeavored to fill data gaps, as citizen
group members in Japan measured radioactivity in the
environment and communicated the results via the Internet
(e.g., Brown et al., 2016; Citizens’ Radiation Data Map of
Japan Project Team, 2018). Citizen science activities addressed
here played an important role in improving the PU of radiation
by confirming the reliability of radioactivity measurements in
the environment by the government and obtaining data in areas
the government does not cover.

A number of innovative and unique initiatives were
implemented to improve the PU of radiation risk following the
Fukushima accident. These include preparing materials that
respond to residents’ actual concerns, using unique visual

effects to explain the current radiological situation and
decontamination, communication through games and online
information—entertainment learning programs, and using
social networking sites such as Twitter for active learning
sessions.

4 Discussion (lessons learned)

As summarized above, during the recovery phase after the
Fukushima accident, many unique and interesting PU
initiatives and practices were implemented inside and outside
Fukushima. We believe it is possible to identify several key
lessons for improving PU practices for radiological risk and
protection, especially in the recovery phase after a nuclear
accident. In the following section, we discuss several
important tips learned from those examples.

4.1 Contextualization and localization of radiation risk

Contextualizing radiation risks in the context of everyday
life could help the public understand radiation risks. A
number of risk communication efforts presented in this paper
have been undertaken to convey the risks of radiation in the
context of local life and needs. For example, community-
based monitoring programs working with scientists to
measure and understand radiation in the living environment
have been implemented elsewhere in the post-accident
recovery (Dubreuil et al., 1999) . They include measuring
internal and external radiation exposure as well as radiation
levels in locally produced foods. Measuring radiation was
necessary for local residents to understand the radiological
conditions in their living environment as they sought to
resume livelihoods and agricultural activities in the affected
areas. “Information Booklet for Returnees”, published by the
Japanese Ministry of Education (MOE), was created for local
counsellors to use as a communication tool to address the
concerns and needs of returnees (Kuroda, 2020). Questions
raised in the booklet were linked with residents’ actual
concerns of radiation risk in the context of their everyday life.
The Yorozu (“general”) health consultation project led by
FMU started one-to-one health consultations with local
residents; the program was run by local government public
health nurses in 2012. They set up booths at public health-
check venues, listened to people’s concerns, responded
individually to questions from the nurses, and provided
educational material for them (Murakami et al., 2017). Such
general health consultations could provide opportunities for
local residents to share their local or individual concerns
about radiation exposure and other health issues. Local public
health nurses played an important role by listening and
responding to various health concerns of those living in
affected areas. Measurements by a whole-body counter
(WBC), which measures internal radiation levels within the
body, have been used to communicate risk between medical
professionals and local residents in Fukushima (Hayano et al.,
2014; Tsubokura et al., 2020). In Minamisoma Municipal
General Hospital, a physician explained WBC results to each
examinee and offered outpatient counseling to people with
>20Bg/kg of *’Cs to discuss lifestyle choices, with a focus
on food selection. Such consultations provide an opportunity
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for people to understand radiation exposure in their daily
lives.

The experiences gained from PU activities after the
Fukushima accident demonstrated that the contextualization
and localization of radiation risks in the living environment can
be effective at improving PU of radiation risks. A similar
lesson was learned from Brian Wynne’s study of Cumbrian
sheep farmers, in which Wynne emphasized “knowledge in
context” and illustrated the need for improved, two-way
communication between scientists and the involved public
during emergency situations (Wynne, 1989). Efforts to
contextualize and localize radiation risk in various forms
could provide valuable information with which to prepare and
implement communication strategies and approaches that help
the public understand radiation risk in living environments.

4.2 Public involvement in radiological protection

After the Fukushima accident, a variety of public-involved
studies and monitoring programs were implemented to
enhance people’s understanding of radiological situations.
Public-involved studies or monitoring programs can be
broadly divided into two approach types: top-down and
bottom-up. In the top-down approach, formal institutions such
as research institutions, universities, and NPOs initiate public
engagement and citizens collect radiation measurement data
for them. On the other hand, the bottom-up approach involves
public-initiated or public-driven practices, such as measuring
ambient dose rates in the environment or concentrations of
radioactive materials such as '*’Cs in food items. In the post-
accident situation in Fukushima, both the top-down and
bottom-up approaches certainly were taken and both played
important roles in improving the PU of radiation risks. The
involvement of Nagasaki University with Kawauchi village
(Takamura e al., 2018), a community-based participatory
radiation measurement in Yamakiya (Yasutaka et al., 2020),
and individual dose measurements designed by institutional
researchers (Naito et al., 2016) can be categorized as examples
of the top-down approach. While there have been numerous
top-down practices, including examples presented here, the
selected examples are unique in that these activities are long
lasting and have been adapted to changing circumstances.
Although the primary purpose of top-down approaches led by
formal institutions or institutional scientists was to obtain
scientific knowledge in the affected areas, in some cases the
monitoring activities evolved into activities that contributed to
solving local problems through close interaction with local
residents rather than just acquiring radiation data by
researchers (Yasutaka ef al., 2020). Community-based radia-
tion measurement studies conducted by the present authors
(Naito et al., 2017) in the affected areas in Fukushima met the
needs of the local residents and helped them to understand the
actual radiological situations in their living environment and
their own radiation exposure. The dialogue with the local
residents provided a good opportunity for the researchers to
learn about residents’ needs, and their local knowledge was
very helpful in interpreting the measurement data. The
proactive involvement of local residents is important in
understanding and solving radiological risk problems, as the
case of Fukushima confirmed. The measurement of radiation
by residents can be a solution to a problem (e.g., relieving

anxiety), but it can also be limited to the discovery of a
problem (e.g., discovery of a high dose level or the generation
of anxiety). Appropriate countermeasures cannot always be
presented. When conducting research in collaboration with
local residents, it is necessary to pay attention to the possibility
that the research results may negatively impact both the local
residents and society.

While the cases mentioned above were targeted to local
residents in the affected areas of Fukushima, some activities
involving the general public at the national and international
levels were also noteworthy. Safecast and Minna-no-data-site
(“Everyone’s Data Site””), which are categorized as citizen
science approaches, have been collaborating with the public on
collecting and sharing radiation data. Their activities could
provide insightful data that can promote PU of radiation
exposure in the environment.

4.3 PU of radiation risk in the era of ICT

The growth of information and communication technolo-
gies has made social media popular for disseminating radiation
risk messages by citizens, experts, and agencies. The
Fukushima nuclear accident was the first large-scale nuclear
disaster to occur in the era of ICT. After the accident, the
results of radiation measurements and monitoring information
from various entities were released on websites and via SNS.
SafeCast and Minna-no-data-site are typical of those cases. A
noteworthy initiative was an interactive study group that
emerged in virtual space on SNS. The idea was that experts
became the commentators and non-experts became the
learners, reading and understanding ICRP 111. This two-
way learning exchange became a publication (@J Tphoto and
@buvery, 2012). Due to the nature of Twitter, information is
provided mainly in one direction, but a virtual community like
this one attempted to search for two-way communication on
the Internet. The process of scientific data acquisition and
dissemination by the public or citizen scientists is expected to
become more widespread. The impact on PU of science can be
significant. On the other hand, there are various challenges,
including ethical issues. Ethical issues related to citizen
science should be addressed when projects start and
throughout the course of scientific and communication
activities.

4.4 The presence of driving forces or mediators in PU
activities

For the PU activities implemented after the Fukushima
nuclear accident, some individuals have been important
driving forces or mediators, such as founders of NGOs, local
farmers, local government officials, medical doctors, and
scientists. Such personnel were clearly present in examples of
CBA-1, CBA-2, CBA-4, and ISCA-8. Some experts have
supported the residents’ data collection, analysis, and
interpretation, and acted as mediators between residents and
authorities or residents and experts. Schoolteachers, public
health nurses, and administrative ward chairpersons who
worked in the affected areas before and after the accident, also
have been instrumental in helping the affected residents.
An administrative ward chairperson used their traditional
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community decision-making channel to initiate a community-
based radiation monitoring program. The presence of such
personnel could help the public understand the radiological
situation and their own exposure to radiation, and could help
them regain confidence that there is a future for the affected
areas in Fukushima. Honda er al. (2020), who conducted
interviews with ten risk communicators after the accident,
suggested that having professional and empirical knowledge
founded on professional ethics is an important element that
supports and facilitates risk communication works. The
presence of driving forces or mediators who consistently
conduct their work and activities based on professional ethics
and expertise can also help to promote PU activities and build
trust among stakeholders.

4.5 Limitations and challenges

A few limitations worth noting. First, this study does not
cover all the PU activities implemented following the
Fukushima nuclear accident. For example, there is limited
discussion of practical activities for PU related to radiation risk
that were implemented by medical professionals. Undocu-
mented resident-driven activities are not covered. We may
have eliminated valuable practical activities that include
relevant information. However, we are confident that the
examples selected, as well as the lessons learned from them,
adequately covered the important aspect of PU of radiation
risk, since the examples were selected by authors who have
been involved in PU activities in Fukushima and discussion in
the Task Group on PU activities after the accident in the Japan
Health Physics Society. Another limitation is that the
identification of good practices was a subjective process from
the viewpoints of experts. Evaluations of PU activities from
recipients’ perspectives are missing. In order to objectively
evaluate the effectiveness of practical activities related to PU
of radiation risk, it is also necessary to evaluate what risk
communication has been effective for residents and what has
been helpful from the public’s perspective.

One challenge is how to spread the good PU practices of
one community to other communities. The purpose of a
community-based approach led by local people was to solve
problems in one’s own community, and these efforts by
themselves did not provide much in the way of support or
development in other areas. The presence of enthusiastic
personnel is an important element of good practice, but not all
communities have such personnel. In their absence, it would be
important to consider what mechanisms and systems need to be
in place. Opportunities such as interregional exchange
dialogues could contribute to aid and develop a form of PU
that meets the needs of the area.

Another challenge is ensuring the sustainability of budgets
and human resources for PU activities. The continuity of
practical activities requires a budget. The continuity of such
activities to obtain scientific evidence also depends on budgets
and human resources. While some activities are sufficient for a
successful PU as part of a transitory effort, they often require
continuous monitoring. Continuous efforts are also important
for building trust between residents and scientists.

5 Conclusion

In this study, we have reviewed the noteworthy activities to
improve PU of radiation risks conducted after the Fukushima,
Japan, nuclear accident in terms of communication strategies
and approaches, and discussed lessons learned and challenges
remaining. During the post-accident recovery phase, a wide
range of practical activities related to PU of radiation risks
were conducted inside and outside Fukushima. We draw
several key lessons and challenges for improving PU
practices for radiological risk and protection, especially in
the recovery phase of a post-nuclear accident. As seen in the
various examples, efforts to contextualize and localize
radiation risk in various forms were observed during post-
accident recovery, and these efforts were confirmed, through
actual experiences, to be an important component of effective
PU activities of radiation risks. There were several
noteworthy examples of community-based or citizen science
approaches to radiation risk PU practices implemented in
Japan. Experiences with such approaches, such as residents
measuring radiation levels, have been proven to contribute to
PU of radioactive situations, but some challenges, such as
ethical issues and the handling of uncertainty, should be
noted. As the Fukushima nuclear accident was the first large-
scale nuclear disaster to occur in the era of ICT, a number of
citizens, experts, and agencies have made social media a
popular way to disseminate radiation risk messages to the
public and demonstrated that social media can play important
roles in providing radiological risk information. Moreover,
the presence of driving forces or mediators who consistently
conduct their work and activities based on professional ethics
and expertise can also contribute to PU activities and help
build trust among stakeholders.

Fitzpatrick-Lewis et al. (2010) suggested that risk
communication strategies incorporating the needs of local
residents with a multifaceted delivery method are most
effective at reaching a target audience. While the PU of science
is important, it is also important for scientists to understand the
public (Fujigaki et al., 2008). Many of the activities brought
about by experts after the Fukushima accident were aimed
primarily at improving the PU of radiation risk, that is, at
providing knowledge to the public. On the other hand, experts
themselves considered their interactions with the population
and its ethical norms, leading them to turn to activities such as
public engagement, which are characterized by activities to
support the decision-making of the population (Murakami
et al.,2017). The body of knowledge and lessons learned from
practical activities introduced and discussed in this study can
be useful in enhancing PU of not only radiation but also other
disaster situations such as chemical accidents. They can also
help us prepare for future disasters and support risk
communication plans during recovery periods.
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