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ABSTRACT

Objectives This study aimed to evaluate the internal
cesium (Cs) level among pregnant women in Minamisoma
City (the area straddling the evacuation zones) over a
5-year period after Japan’s 2011 Fukushima nuclear
accident and assess the status and transition of their food-
acquiring preferences during this period.

Design A retrospective observational study of a screening
along with a questionnaire survey.

Setting This study was conducted in an obstetrics and
gynaecology service in Minamisoma City in Fukushima,
Japan.

Participants Participants included pregnant women

who applied for the voluntary internal radiation exposure
screening programme.

Primary and secondary outcome measures Internal
radiation exposure was evaluated using the whole-body
counter (WBC) in the screening programme. Data from a
food acquisition preference questionnaire administered to
the participants were analysed and compared across the
5-year period after adjusting for covariates.

Results Overall, 804 screening programmes were
conducted with 579 participants during the study period.
All participants had internal contamination levels below
the detection limit of the WBC unit (220 and 250 Bg/body
for Cs-134 and Cs-137, respectively). Based on the most
conservative assumption, their maximum annual effective
doses by Cs-134 and Cs-137 together were estimated at
16 pSv/year. Contrary to limited internal contamination
risks and counter-dose initiatives by the government,

a considerable number of pregnant women were still
concerned about consuming potentially contaminated local
food products when purchasing them at supermarkets
between 2012 (78.4%) and 2015 (75.0%).

Conclusions Health effects from post-accident internal
radiation exposure were likely to be insignificant in
pregnant women. National/local action is urgently needed
to promote scientific understanding in pregnant women

Strengths and limitations of this study

» This study is the first to report the internal radiation
exposure in pregnant women over a 1-year period
to 5-year period at the disaster area of the Great
East Japan Earthquake after the nuclear power plant
accident.

» The consuming behaviour of local foodstuffs among
pregnant women was assessed to clarify their con-
cerns regarding radiation contamination.

» The results of this research will serve as a basis for
future risk communications and countermeasures
that promote public health among pregnant women.

» The participation of the whole-body counter screen-
ing was voluntary, and the result of the present
study may not be simply generalisable to the entire
population of pregnant women in Fukushima.

regarding limited internal exposure risks from local food
products in the market. However, few mothers chose to
participate in the internal radiation exposure screening
programme, and thus, caution is required in interpreting
the results of analyses.

INTRODUCTION

Maternal health includes ‘the health of
women during pregnancy, childbirth and
the postpartum period’. The international
community is deeply committed to improving
maternal health, which is critical to improving
the well-being and quality of life of mothers
and children alike.! Among the various
external risks that may influence maternal
health, high-dose radiation exposure is one
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of the best-understood health hazards.?” In general, preg-
nant women are at risk of being exposed to non-ionising
and ionising radiation as a result of workplace exposure,
diagnostic or therapeutic interventions and undergoing
necessary medical procedures.* Abnormalities in the
central nervous system can develop when the fetus is
exposed to high doses of radiation during pregnancy.”
Additionally, constitutional delay of growth and puberty,
congenital malformation and increased risks of cancer
can be attributed to radiation exposure in utero.’ In this
respect, it is important to prevent unnecessary radiation
exposure among pregnant mothers.

Major nuclear/radiation release accidents pose partic-
ularly unique challenges to mitigating radiation expo-
sure in pregnant women because radioactive substances
released during accidents result in unintentional radia-
tion exposure.” Recently, Japan experienced this problem
following the 2011 Fukushima Daiichi nuclear power
plant accident,® which resulted in widespread release
of radioactive substances.” Accordingly, local residents,
including pregnant women, were subjected to long-term
risks of radiation exposure from sustained radiation
contamination of the surrounding environment."’

Radiation exposure from external sources primarily
depends on air dose rates at places where people spend
long periods of time, with lifestyle habits having a limited
impact on the external dose." '* Conversely, exposure
from internal sources can be strongly influenced and
managed by addressing modifiable dietary habits, such as
consumption of contaminated local food products.'® '*'°
In response to the internal exposure risk following the
Fukushima accident, the Japanese central government
and local authorities created several counter-dose initia-
tives. These included the management and supervision of
contaminated foods through radiation inspection prior
to shipment to market'® and the monitoring of internal
contamination levels using whole-body counters (WBC)
at designated medical institutions.'”™” Thanks to these
initiatives, internal radiation exposure is marginal among
members of the general public in the contaminated areas
6 years after the accident.'” However, an assessment of
internal contamination levels among pregnant women
who were more at risk and vulnerable due to radiation
exposure in comparison with other individuals has never
been conducted.”

Minamisoma City, a coastal city located 14-38 km north
of the Fukushima Daiichi nuclear power plant, was the
first local authority that initiated a voluntary internal
radiation exposure screening programme for city resi-
dents.”’ According to the results of the programme,
health impacts from internal contamination seem to be
insignificant among the affected residents.”” ** Doses
from external exposure also declined to almost the same
levels as in other parts of Japan with high natural back-
grounds 6 years after the accident.** This programme was
conducted at a public hospital, Minamisoma Municipal
General Hospital (MMGH), beginning in July 2011.*
Obstetrics and gynaecology services at MMGH resumed

in April 2012. At that time, MMGH started the prenatal
internal contamination screening programme among
pregnant women during their early and/or late stages
of pregnancy. In addition to the screening programme
for pregnant women, MMGH also conducted a question-
naire survey to collect detailed information regarding
the food-acquiring preferences of the participants after
the accident, including whether or not they consider
the origin of food products when making purchases at a
supermarket (Fukushima or non-Fukushima). The major
purpose of this WBC screening programme and ques-
tionnaire survey for pregnant women at MMGH was to
identify pregnant women with relatively high (compared
with the average levels) or detectable levels of internal
contamination. The survey further aimed to provide
dietary consultations to those who had anxieties about
consuming potentially contaminated local food prod-
ucts in Fukushima, since anxiety about radiation risks has
been associated with psychological distress.*”

We report, for the first time, the level of internal
contamination among pregnant women in Minamisoma
City over a l-year period to b5-year period after the
Fukushima nuclear accident (objective #1) and the status
and transition of their food-acquiring preferences during
the same period (objective #2). Food preference is one of
the important factors considered by the current residents
of Fukushima, as this influences the residents’ concerns
regarding radiation contamination.”® The results of this
research are important, as the findings will serve as a basis
for future risk communications and countermeasures that
promote public health. This study aimed to clarify preg-
nant women’s internal contamination levels and areas of
concern for the benefit of nuclear accidentrelated stake-
holders, including health practitioners and policymakers,
following the Fukushima accident. The findings of this
study can help clinicians and policymakers identify entry
points for action and direct the development and imple-
mentation of strategic policies for counter-dose initia-
tives, such as dietary and lifestyle guidance for pregnant
women in the aftermath of major nuclear accidents.

MATERIALS AND METHODS

Study participants and variables

Study participants included pregnant women in Mina-
misoma City who participated in the internal contamina-
tion screening programme with the use of a WBC unit
(Fastscan Model 2251, Canberra, USA) at MM GH between
April 2012 (inception of the screening programme for
pregnant women) and February 2016 (13-59 months
after the accident). The WBC screening programme data
included maternal age, gestational age, maternal body
mass index (BMI) at the time of the screening, results
of the food-acquiring preference questionnaire (see
below), date of the screening and the total body burden
of radioactive cesium (Cs) (Cs-184 and Cs-137). Internal
body contamination was measured as total body activity
(Bq) and specific activity (Bq/kg). Radioactive Cs is one
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Figure 1 Location of Minamisoma City relative to the
Fukushima Daiichi nuclear power plant.

of the most problematic short-to-medium-lifetime fission
products after nuclear accidents, and it is known to be a
representation of the total internal radiation dose in the
existing exposure situation after the Fukushima Daiichi
nuclear accident.”” WBC can measure not only Cs-134 or
Cs-137 but also radioactive substances that emit gamma
rays such as iodine-131 or potassium-40. However, this
survey covered Cs, which is the main source of contamina-
tion in the long term. We also obtained the data regarding
past deliveries (parity) and residential addresses of partic-
ipants who were patients at MMGH. Residential addresses
were declassified into the following three areas: inside the
Soso District (an administrative district of municipalities
in the coastal area of the Fukushima Prefecture, including
Minamisoma City; figure 1), outside the Soso District or
outside the Fukushima Prefecture. This is an observa-
tional study using the data showing the internal contami-
nation screening programme results for pregnant women
who planned to give birth at MMGH between 13 and 59
months after the disaster.

Whole-body screening programme for pregnant women

Pregnant women who planned to give birth at MMGH
or one of the clinics (Nishijun Maternity Clinic or Hara-
machi Central Obstetrics and Gynecologists Clinic) in
Minamisoma City were recruited by their attending physi-
cians to participate in the WBC screening programme
at MMGH, regardless of the registered address. Mina-
misoma residents who planned to give birth at hospitals
outside of Minamisoma City were also eligible to partici-
pate in the screening programme. Each pregnant woman
participated in the screening programme up to two times
per pregnancy: once during early gestation (9-12 weeks)
and once during late gestation (about 36 weeks). The
WBC screening programme for pregnant women was
performed under the same experimental conditions as
that for the general public.”” The detection limits of the
WBC (Fastscan) in terms of units were 220 Bq/body for
Cs-134 and 250 Bq/body for Cs-137 following a 2min scan

(which tracks gamma rays produced by radioactive mate-
rials inside the human body). A team from the National
Institute of Radiological Sciences verified the accuracy of
the WBC using four sets of BOttle Mannikin ABsorber
phantoms (BOMAB) (cobalt-60, Cs-137, barium-133 and
water, manufactured by Japan Radioisotope Association),
and the overall efficiency was accurate within 10%. To
avoid contaminated clothing, all participants changed
into a gown before the screening programme. Further
information on conducting the screening programme
has been previously described.'*'”?!

Patient and public involvement

Minamisoma City launched a voluntary internal radia-
tion exposure monitoring programme for the city resi-
dents in July 2011, immediately after the disaster, using
WBC units. The programme aimed to evaluate internal
radiation exposure, reduce anxiety among residents
and provide residents with tips and advice on how to
continue their daily life in Minamisoma City. In addi-
tion, patients and the public were not directly involved
in the design and conception of the programme. The
internal radiation exposure monitoring programme for
pregnant women was added at MMGH based on the view-
point that it was critical to evaluate their internal radia-
tion exposure. Pregnant women who underwent health
checkups received an explanation about the prenatal
internal contamination screening programme, and only
the applicants who requested the screening, received it.
This research is a retrospective summary of the results of
the screening programme.

Questionnaire survey on food acquiring preferences

Before starting the WBC screening programme at
MMGH, all pregnant women were required to complete
and return questionnaires that surveyed food-acquiring
preferences. For this reason, the response rate was nearly
100%. The questionnaire examined the methods used
to acquire the following six food products: rice, meat,
fish, vegetables/fruits, mushrooms and milk. Each ques-
tion had the following four choices: (1) preference type
I: purchasing food products at a supermarket based on
origin (Fukushima or non-Fukushima), (2) preference
type II: purchasing food products at a supermarket
without consideration of origin, (3) preference type III:
consuming local farm foods or homegrown foods that
underwent radiation inspection or (4) preference type
IV: consuming local farm foods or homegrown foods that
did not undergo radiation inspection. Considering origin
while acquiring food at the supermarket was one of the
best markers of anxiety regarding potentially contami-
nated food products.”

Statistical analysis

First, we assessed the internal contamination levels of
the study participants (objective #1). To evaluate the
status and transition of the participants’ food-acquiring
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preferences (objective #2), we performed the following

two analyses:

1. To identify the postaccident transition in food-ac-
quiring preferences, we compared the percentage of
each acquiring preference type (I-IV) across years
(2012-2015, defined in the format of Japanese fiscal
years, which begins in April and ends in March) using
a X? test. Comparisons were made for the following
six food products: rice, meat, fish, vegetables/fruits,
mushrooms and milk.

2. To identify the factors associated with food-acquiring
preferences, we constructed logistic regression mod-
els. The outcome variable was dichotomous (ie, prefer-
ence type I versus types II-IV). The potential covariates
that we considered in the models were: year (2012-
2015), delivery hospital (MMGH or others), maternal
age, maternal BMI and season at the WBC screening
programme (spring, summer, autumn and winter).
The regression models were constructed separately for
each of the six food products. Additionally, for those
who delivered at MMGH, we extended the models by
incorporating gravidity, parity and residential address
at the time of the accident (inside the Soso District,
outside the Soso District or outside the Fukushima
Prefecture). The variable selection was based on uni-
variate analyses.

In the analyses for objective #2, we considered only the
data from late gestation (on average 36 weeks gestational
age) of the first pregnancy during the study period. In
the regression analyses, variables initially entered into
the regression models were chosen based on univariate
analyses. All analyses were performed using STATA/MP
V.13.1. The p values <0.05and <0.01 were considered
statistically significant.

RESULTS

Atotal of 804 WBCscreening programmes were conducted
with 579 participants during the study period (between
April 2012 and February 2016). Cs-134 and Cs-137 were
not detected in any of the screening programmes, which
means that all pregnant women in this study had internal
contamination levels that were below the detection limit
of the WBC unit. Based on the detection limits of the
WBC screening programme (ie, 220 and 250 Bq/body
for Cs-134 and Cs-137, respectively) and assuming that
the participants had a constant daily intake of Cs after
the nuclear accident, the maximum annual effective
doses (ie, the weighted sum of equivalent doses to various
tissues and organs) from Cs-134 and Cs-137 together were
estimated to be 16 pSv/year. This is approximately two
orders of magnitude than 1mSv/year, the lowest refer-
ence level under the existing exposure situation among
the general public in the band of 1-20mSv per year
following the International Commission on Radiological
Protection (ICRP) recommendation.? For this estima-
tion, annual effective doses from internal contamination
of ingested Cs-134 and Cs-137 were evaluated based on

Table 1 Demographic characteristics (n=483), n (%)
Year (Japan’s fiscal year)
2012 89 (18.4)
2013 154 (31.9)
2014 164 (34.0)
2015 76 (15.7)
Hospital where the baby was delivered
MMGH 440 (91.1)
Others 43 (8.9)
Age at WBC examination (median, range)  30.0 (17-43)
Maternal BMI (mean, SD) 25.3 (3.8)
Season during WBC examination
Spring 118 (24.4)
Summer 154 (31.9)
Autumn 97 (20.1)
Winter 114 (23.6)
Residential address when the incident occurred”
Outside the Fukushima Prefecture 89 (20.2)
Inside the Soso District 335 (76.1)
Outside the Soso District 16 (3.6)
Gravidity*
0 150 (34.1)
1 136 (30.9)
2 89 (20.2)
3 and more 65 (14.8)
Parity*
0 220 (50.0)
1 144 (32.7)
2 57 (13.0)
3 and more 19 (4.3)

*Only those who delivered at MMGH who have these data were
considered (n=438).

BMI, body mass index; MMGH, Minamisoma Municipal General
Hospital; WBC, whole-body counter.

the effective dose coefficients 1.9x10°and 1.3x107° mSv/
Bq, which were taken from Publication 72 of the ICRP.
Furthermore, we assumed that the amount of Cs activity
detected during the WBC screening programme was in
an equilibrium state between consecutive ingestion and
excretion throughout 1year.”’

During the late gestational stage of pregnancy, a total of
510 WBC screening programmes were conducted in 483
participants (27 participants had multiple pregnancies
during the study period). The number of births in Mina-
misoma City during the same period was 1422, thereby
indicating that approximately 30% or more of participants
who experienced pregnancy in Minamisoma City partic-
ipated in the WBC screening programme in that period.
The table 1 shows the demographic characteristics of the
483 pregnant women. The number of pregnant women
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Table 2 Change of food purchase preferences, n (%)

2012 2013 2014 2015 P value for X? test*
Rice
Type | 36 (60.0) 85 (57.8) 104 (62.8) 43 (56.6) 0.76
Types Il-IV 26 (40.0) 62 (42.2) 61 (37.2) 33 (43.4)
Meat
Type | 46 (68.7) 97 (65.5) 94 (57.3) 34 (44.7) <0.01
Types lI-IV 21 (31.3) 51 (34.5) 70 (42.7) 42 (55.3)
Fish
Type | 48 (71.6) 112 (75.7) 104 (63.4) 44 (57.9) <0.05
Types II-IV 19 (28.4) 36 (24.3) 60 (36.6) 32 (42.1)
Vegetables/fruits
Type | 46 (57.5) 94 (69.1) 96 (63.2) 42 (58.3) 0.27
Types II-IV 34 (42.5 42 (30.9) 56 (36.8) 30 (41.7)
Mushrooms
Type | 48 (71.6) 111 (75.0) 110 (67.1) 43 (56.6) <0.05
Types II-IV 19 (28.4) 37 (25.0) 54 (32.9) 33 (43.4)
Milk
Type | 44 (66.7) 81 (54.7) 85 (51.8) 29 (38.2) <0.01
Types II-IV 22 (33.3) 67 (45.3) 79 (48.2) 47 (61.8)
All foods
Type | 69 (78.4) 127 (82.5) 130 (79.3) 57 (75.0) 0.61
Types lI-IV 19 (21.6) 27 (17.5) 34 (20.7) 19 (25.0)
Total 88 (100) 154 (100) 164 (100) 76 (100)

*P-values for X? test for comparisons of types I/I-IV between years.

who completed the WBC screening programme was 89,
154, 164 and 76 in 2012, 2013, 2014 and 2015, respec-
tively. The median age of the WBC screening programme
participants was 30 years (range, 16-43 years). Many of
the participants were living inside the Soso District at the
time of the Fukushima accident (76.1%, n=335). Further
information can be found in the table 1.

In 2012, 78.4% (n=69) of the pregnant women acquired
food products (at least one of rice, meat, fish, vegetables/
fruits, mushrooms and milk) at a supermarket based on
origin (preference type I), while others (21.6%) did not
consider the origin of food products (preference types
II-IV). This figure decreased slightly and was statistically
insignificant by 2015 to 75.0% (n=57). The table 2 shows
food product-specific acquiring preferences, which were
also compared between years. Because of the limited
number (less than 1%, except for rice and vegetables/
fruits) of pregnant women who consumed local farm
foods or homegrown foods (preference types III and IV),
preference types II, IIl and IV were consolidated and
presented in a single category. Many pregnant women
considered the origin of food products in 2012, with the
percentage of preference type I ranging from 57.5% to
71.6%, depending on the type of products: vegetables/
fruits (lowest) versus fish (highest). While a significant

reduction in the percentage of preference type I was
identified in the categories of meat, fish, mushrooms and
milk between 2012 and 2015, no significant reduction
was observed in rice and vegetables/fruits, thereby indi-
cating that pregnant women were still concerned about
the origin of these food products to a similar extent over
the 1-year to 5-year period since the accident.

Type I: purchasing food products at a supermarket
based on origin (Fukushima or non-Fukushima).

Type II: purchasing food products at a supermarket
without consideration of origin.

Type III: consuming local farm foods or homegrown
foods that underwent radiation inspection.

Type IV: consuming local farm foods or homegrown
foods that did not undergo radiation inspection.

Results of the logistic regression analyses for each of
the six food products are shown in table 3. Due to a lack
of significant variables (except for the year), we could not
construct a multivariate regression model for any food
products. Thus, table 3 presents the results of the univar-
iate logistic regression models. A statistically significant
postaccident reduction in the OR of acquiring food prod-
ucts at a supermarket based on origin (preference type I)
was observed in the meat and milk categories, with 2015
more likely to have lower OR than 2012 (0.37; 95% CI

Yamamoto K, et al. BMJ Open 2019;9:€023654. doi:10.1136/bmjopen-2018-023654

5



)
7
o
3]
3]
®©
c
[
o

©)

181un0o Apog-sjoym ‘DG ‘[eHdsoH [edsuss) [edioiunil BLIOSIWEBUIA ‘HOININ Xepul ssew Apog ‘|INg
"(8g=U) PaIapISU0D BIaM BIEp 8S8Uj} 8ABY OUM HONN 18 paiealisp oym asoys AluQt
"10'0>dux :G0'0>dx

(1e'20189°0) 92'L (LL'v 01 26°0) 00°C (S1'€0128°0) 09'L (8cv o1 10L) 80 (552 0o1eL0) 9L (L2'gor9L0)ev'L 4

00°t 00°} 00°} 00} 00°} 00 0

(922 0169°0) G2'1 (85'z0122°0) L8} ('€ 01060) 921 (£0'€ 01 68°0) 29} (S1'201$9°0) L1} (99'20182°0) ¥¥' 1L alow pue g

(L0201 08°0) 82'} (rL 201 260) €9°} (29201 96°0) L'k (¥9°2 01 96°0) 6G°+ (ce'z 01 28°0) etk (861 01G2°0) L'k L

Hypinesn

(G271 01/9°0)80°L (2671 0195°0) ¥6°0 (9L 01190) LO'k (#2104 €9°0) SO'L (Ge"+ 0105°0) 28°0 (151 0195°0) 26°0 1ouIsIg 0sos spisu|

Yamamoto K, et al. BMJ Open 2019;9:€023654. doi:10.1136/bmjopen-2018-023654

1pa.1Ino00 JUspIouUl 8y} USUM SSaIppe [eljuspisay

(L1 01.5°0) 660 (9271 01€5°0) 260 (L1 019€0) G590 (¢hzorv970) 9L'L (r0'2 01 99°0) 94"+ (ceLorer0) 620 uwniny

00°k 00t 00°t 00’ 00°t 00't Bundg

(#0"1 01 ¥6°0) 66°0 (#0"1 0} ¥6°0) 66°0 (L0"1 03 26°0) 96°0 (90°1 01 96°0) LO'L (S0"1 01 G6°0) 00" (¥0'1 01 ¥6°0) 660 NG [euseiel\

rLorze0v20 (6971012800620 (9201090 vL'L (€871 0oigr0)880 (15201590082’ L  (L0°T 0N LS0) Lok HON

paJanlep sem Ageq ey} aieym [endsoH

«(86°0 01 0€°0) ¥S°0 (0g°+ 01 €7°0) 180 (0zzoreL0) L2t (221 01 2€0) 690 €k o1v€0) 190 (€0'z01290) €Lt v10¢

00} 00°} 00} 00°} 00’ 00°} [4%04

A swooaysniy synuy/sajqelabap ysiq4 1ea N 201y




0.19t0 0.73; p<0.01 for meatand 0.31;95% CI 0.15 to 0.62;
p<0.01 for milk). The categories of fish and mushrooms,
which showed significant reductions in the percentage of
preference type I between 2012 and 2015 using the X*
test (see table 2), also demonstrated reductions in the OR
for preference type Iin 2015 (0.54; 95% CI 0.27 to 1.10
for fish and 0.52; 95% CI 0.26 to 1.04 for mushrooms),
though these reductions were borderline and thus were
not statistically significant. Rice and vegetables/fruits did
not show a significant reduction in the OR for prefer-
ence type I. Other variables, such as age, maternal BMI,
season at the WBC screening programme, gravidity, parity
and residential address at the time of the accident, were
not significantly associated with preference type I in any
food products. In performing sensitivity analyses, we also
conducted regression models using only the most recent
2 years of data (2014 and 2015), and similar results were
obtained (data not shown).

DISCUSSION

In this study, radioactive Cs was not detected in any of
the 579 pregnant women who participated in the WBC
screening programme between April 2012 and February
2016. Their estimated radioactive Cs levels were signifi-
cantly less than the lowest reference level under the
existing exposure standards for the public (1 mSv/year),
although the dose from external exposure, which can be
estimated from the environmental radiation datal,?’1 was
not evaluated in the participants of this study. This result
is comparable with other results of the WBC screening
programme in the general population and in schoolchil-
dren in Minamisoma City. That is, annual doses from
internal radioactive Cs among Fukushima residents and
schoolchildren were mostly <1 mSv/year.'® * Conversely,
the external exposure dose for the general population
in Minamisoma City is low enough as indicated from the
previous results. Our results indicate that internal expo-
sure of pregnant women after the Fukushima nuclear
accident has been extremely marginal. While we are keen
that a rigorous dose assessment of the fetus is necessary
in the future, the principal finding of this study suggests
that doses to the fetus would be very low. Internal expo-
sure of pregnant women is unlikely to have affected
maternal and fetal health. This result is consistent with
the result reported by Leppold et al, who found no signif-
icant associations between birth outcomes and residen-
tial area or food purchasing patterns and no long-term
change in birth outcomes after the Fukushima accident.”
This could be due to the following reasons: first, central
and local government-mediated management and super-
vision of contaminated foodstuffs through radiation
inspection may have been successful.'® Second, only a
few pregnant women consumed local products that did
not undergo radiation inspection. The fact that locally
produced food intake was the radiation exposure route
in Ukrainian women after the accident at Chernobyl is
a well-known example of the possible mechanism of

internal contamination.” Pregnant women who care
about radiation exposure participated in the examina-
tion; hence, this study might underestimate the level of
internal contamination. However, in the existing results,
there was no outcome that indicated a repeater had a
lower risk of radiation exposure.

Contrary to the marginal risk of internal exposure, our
results also indicated that a considerable number of preg-
nant women still have concerns about consuming poten-
tially contaminated local food products. Approximately
78.4% of pregnant women considered the origin of
food products in 2012 (preference type I). This level was
reduced in 2015 by a small margin of 3.4%. This was similar
to a previous report by Hayano et al,”> who observed that
57% of parents who had schoolchildren in and around
the Fukushima Prefecture avoided foods produced in
the Fukushima Prefecture during the study period of 3—4
years following the accident.”” According to a research
report from the Ministry of Health, Labour and Welfare,
estimations of exposure (effective dose) to radioactive Cs
in foods, including cereals, vegetables/fruits, meat, milk
and fish and fishery products, are decreasing constantly
and are now less than 1% of 1 mSv/ year.?’6 Furthermore,
Tsubokura et al'* acknowledged that the levels of soil
contamination were not necessarily associated with the
levels of internal contamination after the Fukushima acci-
dent."* Given our findings, it is important that in addition
to the strict radiation inspection of foodstuffs awaiting
shipment to the market, national/local action promotes
scientific understanding among pregnant women (and
the public) regarding the limited internal radiation
exposure risks from local food products in the market.
Despite the shortage of obstetricians in Fukushima, it is
also important for medical personnel to improve commu-
nication with pregnant women to increase their scientific
understanding of radiation exposure risks.

In 2015, we found that pregnant women were not as
likely to consider the origin of meats, fish, mushrooms
and milk in comparison to earlier years (2012-2014),
while rice and vegetables/fruits were unchanged
(table 2). Rice, vegetables and fruits were the main crops
in the Fukushima Prefecture before the disaster.”” Food
avoidance under low contamination of radionuclides was
possibly influenced by several factors, including famil-
iarity with (or consumption amounts of) the food and
radiation-related anxiety. Indeed, it should be noted that
according to the Ministry of Agriculture, Forestry and
Fisheries, a total of 10 498 698 rice items were inspected
in the Fukushima Prefecture in the 2015 fiscal year. In
doing so, they found that nearly 100% of these products
had a radioactive Cs level of less than 50 Bq/kg, with only
0.0002% (n=18) of the products exceeding this limit.*
None had a level of more than 100 Bq/kg, which was
the newly determined regulation value set by the govern-
ment in April 2012 to satisfy the safety concerns of the
public.”” In the meantime, the newly determined regu-
lation values of radioactive substances in foods were set
after the disaster, and shipping was monitored so that
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foods exceeding the newly determined regulation values
would not be distributed to the market. Similarly, the
contamination risks in other products, including vegeta-
bles and fruits, have been insignificant in nearly all prod-
ucts since the time of the accident.** *! However, these
results suggested that the primary types of agricultural
products in the Fukushima Prefecture (ie, rice, vegeta-
bles, and fruits) cause local residents, including pregnant
women, to likely be more concerned about potential
contamination in these food products rather than other
product types. Avoidance of mushrooms was higher than
that of the primary products (eg, rice) in the first 2 years,
possibly because mushrooms likely accumulate radioce-
sium42; however, the avoidance decreased by 15% within 4
years. This decrease could be explained by less familiarity
or lower consumption amounts in comparison with the
primary products. Therefore, the customs of residents,
especially the countryside culture of ingesting vegetables,
including the edible wild plants, require consideration in
the reconstruction of areas, and it is important to conduct
such research in the future.

We were not able to construct a multivariate regression
model for any food products due to lack of significant
variables, and we have presented the results of our univar-
iate analyses in table 3; that is, we were not able to identify
the factors that were associated with food-acquiring pref-
erences in pregnant women. Furthermore, there may be
other potential mechanisms that influence the food-ac-
quiring preferences and/or potential anxiety of the preg-
nant women included in this study. Future studies should
investigate more upstream factors, such as socioeconomic
and political contexts, including public policies in rele-
vant areas that affect the perception of internal contami-
nation risk among pregnant women and social-structural
factors, such as education, evacuation experience and
trustable information sources.*’

There are several limitations to this study. First, data
were obtained from volunteers; therefore, the WBC
screening programme results may not represent the
contamination levels of the entire population of preg-
nant women in Minamisoma City. Pregnant women who
care about radiation exposure participated in the exam-
ination, which may underestimate the levels of internal
contamination among non-participants. In contrast,
pregnant women who consumed local products may
have preferred to participate in the examination due to
their anxiety. For adult participants undergoing the WBC
screening programme in Minamisoma City, detection
of Cs was not significantly associated with participation
behaviour," suggesting that the selection bias in this
study was not significantly considered to affect the results
of Cs detection.

Moreover, participation in the internal radiation expo-
sure screening programme was on a voluntary basis, and
only about 30% of pregnant women chose to participate
in the programme; hence, given the nature of the volun-
tary-based programme, our findings might not be gener-
alisable to the entire population of pregnant women in

Minamisoma City. However, time trends, differences
between foods and temporal changes would not be seri-
ously affected by these limitations. Second, because Mina-
misoma City is a unique city, as it was subject to various
evacuation or counter-dose measures (ie, evacuation and
indoor sheltering zones designed by the central govern-
ment following the accident), the levels and effects of
chronic anxiety and fear of radiation exposure postdis-
aster among the public (including pregnant women)
might be different from those in other contaminated
areas. This may potentially bias (probably overestimate)
the results of the questionnaire regarding food-acquiring
preferences. Third, since the WBC measurements in
this study were performed for screening programme
purposes, measurement time was as short as 2min. There-
fore, the detection limit of the WBC measurements had
become relatively high, leading to the possible overesti-
mation of the doses from internal contamination. Fourth,
the assumption of a constant internal contamination with
radiocesium at the level of the detection limit of the WBC
over a b-year period could lead to the possible overesti-
mation of the effective dose among pregnant women.
Fifth, it is known that the metabolic rate of radiocesium
is faster in pregnant women than in general adults,” but
in this study, dose assessment was performed using the
data from general adults, leading to the possible underes-
timation of the dose. Sixth, since this study started from a
state of confusion immediately after the disaster, patients
and samples have not been collected based on strict statis-
tical methods. Measured variables were also minimised to
avoid their psychological burdens. Therefore, there is a
possibility that a large selection bias exists.

CONCLUSION

This study found that all pregnant women who partic-
ipated in the WBC screening programme between
April 2012 and February 2016, 13-59 months after the
Fukushima accident, had levels of internal Cs below the
detection limit using the WBC (220 and 250 Bq/body
for Cs-134 and Cs-137, respectively). Based on the most
conservative assumption, the maximum annual effective
dose from Cs-134 and Cs-137 together in these pregnant
women was estimated to be 16 pSv/year. Contrary to the
limited internal contamination risks and counter-dose
initiatives conducted by the government, there was
only a slight reduction in the percentage of those who
considered the origin of food products when purchasing
them at a supermarket (Fukushima or non-Fukushima)
between 2012 (78.4%) and 2015 (75.0%), particularly in
the categories of rice and vegetables/fruits. About 30% of
pregnant women chose to participate in the internal radi-
ation exposure screening programme and answered the
questionnaires that surveyed food-acquiring preferences.
Although our study results could not be generalised and
caution is required when interpreting the results of anal-
yses based on a voluntary programme, our findings suggest
the particular need for national/local actions to promote
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scientific understanding among pregnant women with
limited internal radiation exposure risks from local food
products in the market. Additionally, medical personnel
must improve communication with pregnant women to
increase their scientific understanding of radiation expo-
sure risks.
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