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Following the Expression of Concern issued on this article on 11 January 2019, IOP Publish-
ing is now retracting this article. On 4 June 2020, IOP Publishing received confirmation from
the authors of 2017 J. Radiol. Prot. 37 1 (the first in a series of two research articles) that
ethically inappropriate data were used in the study reported in this article. This confirmation
follows an investigation into the matter by Date City Citizen’s Exposure Data Provision Invest-
igation Committee, which finds that some subjects within the study did not consent to their
data being used for research, and it is unclear whether the unconsented data was provided to
the author. IOP Publishing believes that the authors were unaware of the ethical problems with
this data, which was supplied by a third party. The results of this investigation are available
(in Japanese) at https://www.city.fukushima-date.lg.jp/soshiki/3/41833.html (IOP Publishing
and the Society for Radiological Protection take no responsibility for the content at this link).

The readers are asked to note that, as part of the article submission process, the authors of
the above referenced article confirmed that the research reported in the article adhered to the
Ethical Policy of IOP Publishing and the Society for Radiological Protection.

As a member of the Committee on Publication Ethics (COPE), this matter has been invest-
igated by IOP Publishing in accordance with COPE guidelines and it was decided that the
article should be retracted. The authors agree with this retraction and have fully complied with
all investigations.

Original content from this work may be used under the terms of the Creative Commons Attribution
BY 4.0 licence. Any further distribution of this work must maintain attribution to the author(s) and the
title of the work, journal citation and DOI.
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J. Radiol. Prot. 40 (2020) Retraction

More details are expected to be forthcoming. However, in line with COPE guidelines, we
are retracting this article promptly and will update this retraction notice with more information,
as necessary and as it is released.

Based on the investigation report it has also been found that there is an error in table 1 of
this article. The figure relating to glass badge holders in 2014 3Q is incorrect and should be
close to N = 12912. These data were also provided to the authors by the same third party and
the authors were not aware of this mistake in advance of publication of the article.
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Abstract
Date (da’te) City in Fukushima : s conducted a population-wide
individual dose moni e Fukushima Daiichi Nuclear
Power Plant Acciden S que and comprehensive data set of
ns. The purpose of this paper, the first in the series,
imating effective doses based on the available
s examined the relationship between the
esponding ambient doses assessed from
that the individual doses were about 0.15
fficient of 0.15 being a factor of 4 smaller
yyed by the Japanese government, throughout the period
ed. The method obtained in this study could aid in
the pre indi al doses in the early phase of future radiological
ident scale contamination.

airborne surveys. The
times the ambien
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1. Introduction

In making decisions regarding appropriate protection policy against radioag
tion after nuclear accidents (such as the Fukushima Daiichi Nuclear Powe

After the summer of 2011, many Fukushima munic
dose monitoring for members of the public living in exist
such large-scale measurements of the general public have
the conventional radiation protection schemes. These
were not initiated nor supervised by the Japanese cen
standardized in terms of the target group, distributio
dissemination, and instructions describing how the d
tion available to both the residents and administration i
fragmented. This has made it difficult for citizg
exposures even though data have been publig
[4]) and by academic sectors [5]. As such,
the benefit of the affected communities.

Date City is located about 50-60 k . Unlike litate Village, which is
adjacent to Date City and from whic as ordered to evacuate in April
2011 (called the ‘deliberate evacuati tation order was issued to Date resi-
dents, except for a limited number households for which the Japanese Government
estimated that the exposu i
the accident (called the ‘sp
palities in which all the resid inue to hve after the FDNPP acc:1dent Date City has the
largest gradient of contamination lev city borders.

In Date City, residents g actively participated in radiation protection
measures immediately af dent, e.g. ambient dose measurements and school decon-
tamination. The city o and supported those activities from early on [7]. The

ment programs
nd thus they were not
s, the format of data
used. The informa-
eas is therefore rather
1 picture of the external
municipality (e.g. Fukushima City

ave not been well utilized for

ent of individual external doses, Date City distributed 1nd1v1dua1 dosim-
inescence (RPL) glass dosimeters: Glass Badge) to kindergarten-,
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become required when communicating to the citizens. The results published by Date City
were further analyzed by the IAEA [9]. No other external dose measurement program of com-
parable scale has been done in Fukushima, making Date City’s data the most comprehensive
set of actual measurements of individual doses carried out after the FDNPP/decident.

discussed further in the following section). In March 2014, Date City annou
tion of its decontamination program.

the relationship of the individual doses to the results of airborne s
Japanese Government [10], the effect of decontamination on the j
relationship between the external and internal doses. These results
of three papers.

The purpose of this paper, the first in the series, is
individual external doses based on the available ambien
airborne surveys.
Ethics statement

Date City mayor’s office entrusted the data to the M) is a Date
municipal government advisor. The geocoded house
toring participants were pseudo-anonymized by roun
nates to 1/100 degrees prior to data analyses. This stu

and latitude coordi-
the ethics committee

Date City is located about 50-60 k PP’ Adjacent to Date City, the pre-
fectural capital Fukushima City lies t e wamata Town lies to the south, and
[itate Village lies to the southeast. al area is about 265 square kilometers, of which
agricultural land compris bout 38%. Date City is endowed with a rich

natural environment and f
out 20000, most of which were unevenly
of the city. The population density is low
tainous, being a part of the Abukuma—kochi
) engage in agriculture, of which 900 are full time
m fruit production [12]. This, together with the large
at agriculture is an essential part of life in Date City.
FDNPP accident were unevenly deposited in the

distributed in the flat land towards
in the eastern and southe a
highland. About 5400
farmers. Their revenue
fraction of agricultural
Radioactive materia
northwestg isection f i
outh (high) to north (low) in Date City.

2.2 ce in the contamination level in date city
In the distribution of the ambient dose rate throughout the city, in August
2011, D generated a map of the ambient dose rate measured at 1 m above the ground

into a 1 km grid (500 m in urban areas). Based on this map, Date City
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Dose rate (uSv/h)

ZZ it

rates as of November 5, 2011, based on
from October to November 2011. Adapted ) isheéd in [11].

ambient dose map of August
5], and equation (2)), to classify
the households where the annual exte to exceed 20 mSv y ! as A, less

than 5 mSv y’1 as C, and the rest as

to: zone A (>3.5 uSv h™!), zone B h='~3.5 uSv h~!) and zone C (<1 uSv h™'). The
three zones in Date City 3. The decontamination was to be carried out
in this prioritized order. ds in each zone in August 2012 were as
follows:

2.3. Individual dose mo ts using glass badges

The ind g sidents in Date City was carried out using glass badges
usuall tion workers; their use by residents living in contaminated areas was not
fore i

3 Note tha ade available to the authors by Date City is for the measurement carried out in March 2012,
so that the dose Té ower than in August 2011.
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d in August 2011): zone A (>3.5
(<1 uSv h™"). Adapted from a

Figure 2. The ambient dose rate
with the zoning according to thg
uSvh™1), zone B (1 uSvh'~
map published in [7].

Glass badges are calibrated agai
methacrylate (PMMA) slab phanto erior (AP) geometry [16]. However,
residents living in contaminated ar ive radiation close to the rotational irradiation
geometry, as the radioacti Si e FDNPP accident now exists almost uni-
formly in the environment. i een shown that a dosimeter worn on the

body trunk gives good appro ctive dose [17].

rays). In order to evaluatg ue to the radioactive cesium released by the
background contribution. In generating the glass badge
esidents, the glass-badge supplier, Chiyoda Technol,
y~! as the background, measured at Oarai Town,
PP), where the contamination due to the FDNPP

ails the results to each monitoring survey participant.

readout report for Fuk
subtracts a value equi

and targeted pregnant women and children aged 15 or under. In all subse-
quent mea ent surveys, the measurement period was three months (one quarter, hereafter
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denoted Q). In particular, the measurement survey conducted from Q2 2012 (Japanese fiscal
year, i.e. July—September 2012) through Q1 2013 targeted all citizens, ~65000 in all, of
which 81% (52783) received and returned the badge every 3 months for one year. After that,
all children up to the age of 18, all pregnant women, and all persons living one A contin-

of subjects, age distribution, and the total number of participants upon whi@
analysis is based.

2.5. Method for comparing individual doses and ambient doses

The Japanese government has been continuously monitoring the acc
aircraft equipped with radiation monitors flown at a typi titlide o
ing rates are converted to H'(10) at 1 m above the grou
average values within a 250 m x 250 m grid. Tables listing
coordinate of the grid have been disseminated and are avail

The airborne survey data were then compared wi 1ved individual
doses. As shown in table 1, six airborne surveys (4 atch the glass-badge
measurement periods. We used these six pairs of dat

For each period and for each participant, we use
latitude coordinates of the residence of the participant
look up the H'(10) of the nearest grid point, whi e
the corresponding airborne survey database.

In figure 3, we present the geographica
rates for each of the six measurement perio
coded, and the area of each circle is dra
each the grid cell.

Since background radiation has subtracted e glass badge data, we subtracted
0.04 ;Sv h~! from the airborne H" in our analyses to compensate. This value (0.04)
was used by the Japanese m ished formula which related the ambient dose
rate to the effective dose [

ote the grid dose rate, in

sticipants and their grid dose
. The grid dose rates are color
e number of participants within

3. Results

Figure 4 shows the bo plots of the individual dose rates versus grid dose rates
for six periods. The lef top shows the 4th, 5th, and 6th airborne monitor-
ing, the right hand col s the 7th, 8th, and 9th airborne monitoring (also see

dose rates (derived from the three-month accumulated
, whose grid dose rates were within the bin. The boxes cover 25th per-
tile of the distribution, and the whiskers cover the 1st percentile to 99th
dots represent outliers. Below each box-and-whisker plot, a
ation versus grid dose rate is shown.

of grid dose rates from the 4th monitoring to the 9th monitoring is already
evident e 3. Correspondingly, the distributions of the number of subjects versus gird
dose rates shov fioure 4 is steadily shifted to the left (i.e. to lower dose rates).
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Table 1. Timeline of the glass-badge measurement surveys in Date City from 5 to 51

months after the FDNPP accident.

Japanese T )
Fiscal Quarter/ Participants Airborne Monitoring Age d|str||?ut|pn of
Year Month(s) monitoring partie

1.Pregnant
women 12001 2011 Sep -
! 1000 _
Aug 2.Kindargarten e N = 8989
3.Elementary % -
2011 4. Junior High ::z
1.Ages 0~15 4t (November)
Sep-Nov 2.Pregnant
women
Dec-Feb 3.the specific , 1000
spots § 800
recommended 5t (June! ] 00
Q1 (Apr-Jun) | for evacuation ( ) 209
Q2 (ul-Sep) All citizens
2012 -
tl
Q3 (Oct-Dec) 6t (November)
Q4 (Jan-Mar)
Q1
1.Ages 0~15
@ 2.Pregnant
2013 women
Q3 3Zone A&B
4.Zone C
random
Q4 samoling + 2013 3Q
pling 1000 N = 24162
applicant g s00
Q1 g
@ u
2014 wo 9t (Novembe 12000 2014 3Q
Q3 3.Zone _ 1000l N =21080
47Zone g 800
random g 600
sa “ 400
200
00 20 40 60
Age

whe

ficient wa:

the average over all data in the six periods excluding the outliers. This coef-
draw the pink shaded band in each panel of figure 4. Note that the Japanese
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a) 4th Airborne survey and Glass Badge (2011/9-11) d) 7th Airborne survey and Glass Badge (2013/7-9)

b) 5th Airborne survey and Glass Badge (2012/4-6)

firement periods. The left-hand column (a)—(c) shows the 4th, 5th
porne monitoring, the right-hand column (d)—(f) shows the 7th, 8th and 9th
yorne monitoring. The grid dose rates are color coded (0—4 pSv h™!), and the area
each circle is drawn proportionally to the number of participants within the grid. In
the period corresponding to the 6th airborne monitoring, glass badges were distributed
itizens, so that (c) indicates the overall population distribution within the city.
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a) 4th Airborne survey vs Glass Badge (2011/9-11), n=8925 d) 7th Airborne survey vs Glass Badge (2013/7-9), n=24278
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b) 5th Airborne survey vs Glass Badge (2011/4-6), n=9304
- . . .
1.0 - : .

o

o
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o

o
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T
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~
T
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o
S

o
o
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1500 -
1000
500 -

Grid dose rate (uSv h™)

c) 6th Airborne survey vs Glass Badge (2012/10-12),

Personal dose rate (u Sv h™")

eft-hand column (a)—(c) shows the data corresponding to the 4th,
d 6th airborne survey periods, and the right-hand column (d)—(f) shows those
esponding to the 7th, 8th and 9th periods.
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government employs the following standard behavioral scenario in evaluating the additional
effective dose based on the ambient dose rate [15]: a person spends 8 hours outdoors without
any shielding, and stays 16h in a wooden house where the dose rate is 40% of that of outside
[21], with the natural background dose rate of 0.04 uSv h™!. In this scenari@the conversion
factor for obtaining the additional effective dose from ambient dose rate exclu
ground dose rate is 0.6, i.e.

individual dose rate (uSvh') = 0.04 + 0.6 x ambient dose ra

The thick blue line in each panel of figure 4 corresponds to this scenario. As
line (the government estimate based on its standard behavioral scenario) lies v
pink band, which is based on actual measurements.

The coefficient ¢ has a distribution as shown in figure 5, in which
ity distribution of ¢ is plotted using a log-normal grid. As shown, £
90-percentile is ¢ = 0.31 and 99-percentile is ¢ = 0.56. The perc
whose c coefficient exceeded the Japanese-government value of 0.6

4. Discussion

Date City has been monitoring the individual doses of itseeifi i onths after the
Fukushima-Daiichi Nuclear Power Plant Accident.
monitoring data compiled by Date City is the most ¢
locational changes in individual doses of residents livi
detailed archive of dose information meets the recom

of the temporal and
by the accident. This

follow-up of the radiological situation and the i
[2]°. The authors analyzed the data upon the 1, i ity so that crucial lessons applica-
ble to the post-accident situation can be de 2 2 arding existing exposure situ-
ations, and to help understand what will be [ ent of future radiological disasters.
The present study showed that the i i ; i§ proportional to the ambient dose
rate with a coefficient ¢ = 0.15 £ 0.0 ;
the government-adopted value of O .25. Naito et al [22], who targeted a
small group of some 100 people, fo efficient of ~0.2, also smaller than the govern-
airborne data can be a useful estimator for
contaminated areas.
e actually measured H*(10) (airborne moni-

predicting the individual dos
In our (and Naito et al’s)

toring) and Hp(10) (individual dose data to empirically deduce the coefficient
c. On the other hand, thed government in 2011 constructed a model to estimate the
effective dose from H* rospect, overestimates the personal dose by a factor
of 3~5.

After large-scale radioa ation events such as the FDNPP accident, it should

gularly done for radiation workers. As a result, the data col-
de information about whether or not each participant actu-
Idress registered at the city office, or whether they routinely wore the glass
ed. Therefore, strictly speaking, the values measured by the glass-badges are
gual to the individual doses of every participant. This is a limitation of the

10
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Figure 5. A log-normal plot of the cumula
c coefficient.

present study. However, we believe the differences in ac

of the dosimeter, which were duly observed, ied a GPS receiver together with
the electronic dosimeter which recorded h S ¢ hiourly dose was compared with
the ambient dose rate estimated by combini ation and the airborne monitor-
ing database. The coefficient deduced 1 d academic research targeting a
small number of participants is extre i ed in the current study, based on
a municipality-driven long-term m program involving tens of thousands of residents.

5. Conclusions

We have shown that the personal dos
tional to the ambient dose

using glass badges in Date city are propor-
es of the participants estimated from aircraft
ude that it is possible to predict the external exposure
0 the aircraft monitoring data. The conversion factor
eatly in estimating the individual external exposure
eas affected by the FDNPP accident. The method

grateful to Chiyoda Technol Corporation, and Dr J Tada of Radiation Safety
Forum fo discussions. This work was partially supported by donations by many
individuals to oh The University of Tokyo Foundation.
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