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Part 1
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Table 1  Nuclear Plants of TEPCO Fukushima No.1,  of which total power
generating capacity is about 4.700 million kilowatts. 
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BWR “Mark-1”

survived after the tsunami. The specifications of the
NPSs are summarized in Table 1.

Figure 2 shows a typical bird-eye view of the
MARK-I type reactor containment for a Boiling
Water Reactor (BWR). In MARK-I, the Reactor
Containment (RC) and Suppression Chamber (SC)

are arranged outside of the reactor pressure vessel
(RPV), where any vapor containing radioactive
materials produced during accidents should be
carried to RC through SC, and then released through
a stack (a chimney for exhaust gas from the reactor
building) to the environment. With this design,

Fukushima Prefecture Fukushima Dai-ichi Nuclear 
Power Stations of TEPCO 

Fukushima Prefecture

TOKYO

Japan

Fukushima-shi

Fig. 1. Location of Fukushima Dai-ichi Nuclear Power Stations of TEPCO. The Station faces to Pacific Ocean and is about 200km from
Tokyo.
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Fig. 2. Typical bird-eye view of the MARK-I type reactor containment of Units 1 to 4 of Fukushima Dai-ichi Nuclear Power Station.
Left figure is taken after modification from the report of March 19, 2011 by the Nuclear Energy Institute of the United States, courtesy
of GE corporation.
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S. Tanaka, Proceedings of the Japan Academy, Series B 88 (2012) 471-484
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+14m
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10m (Unit 1-4)
13m (unit 5-6)

Sea 
water pump

Turbine building

D/G, P/C    

Reactor building

Normal
sea level

Wave block fence

External power line destroyed by earthquake, 

Tsunami flooded all the diesel generators


→ station blackout

S. Tanaka, Proceedings of the Japan Academy, Series B 88 (2012) 471-484



100 °C, and that the discharge of radioactive materi-
als had almost stopped.1)–5)

Emergency response to residents

At 16:45 on March 11, TEPCO notified the
government that an emergency had occurred based
on the Special Law of Emergency Preparedness for
Nuclear Disaster. At that time, all AC power had
been lost, and the emergency core cooling of Units 1
and 2 didn’t work, as well. Upon notification, the
Prime Minister declared a nuclear emergency at
19:03, and established the Nuclear Emergency
Response Headquarters (NERHs) and the Local
Nuclear Emergency Response Headquarters.

At 21:23 of March 11, the Prime Minister
ordered all residents within a 3 km distance to
evacuate, and also all people within 3–10 km distance
from the NPS to stay in their homes. Furthermore,
the evacuation area was expanded to a 20 km radius
at 18:25, March 12, and the stay in-house area to
a 30 km radius at 11:00, March 15. A series of
instructions had been released based only on spec-
ulation that an enormous cloud of radioactive
materials may be discharged, though no rational
information concerning the distribution of radio-
active materials had ever been given.1),2)

Any emergency response to residents must be
instructed by the Headquarters based on the Special

Fig. 4. Core temperature and hydrogen production in Units 1 to 3 (from TEPCO data). Taken from Mainichi Newspaper after
modification and permission.

Fig. 3. Electric power of Emergency Diesel Generators (D/G) and power supply of Power Center (P/C) compared to the tsunamis of
about 14m height. Taken after modification from the original figure provided by TEPCO.
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governmental agencies without considering various
exceptional situations of the aftermath of an acci-
dent. Questionable criteria and messages can be
depicted as follows:
• to change the criteria for the evacuation from

50mSv to 20mSv after an accident without any
acceptable explanation to people.

• to repeat a message that a smaller exposure is
better and that 1mSv per year is desired, while
many people are forced to live under an existing
exposure situation of 1 to 20mSv per year.

• to change the target of the dose limit suddenly
for children in school from 20mSv/y to 1mSv/y
under strong voices of parents and teachers who
are against the same dose limit for children as
that for adults.

• to instruct 50Bq/kg as a regulation criterion for
seawater bathing in the summer of 2011, while
setting a criterion of 200Bq/kg for drinking
water, although the food criterion of drinking
water was reduced to 10Bq/kg since April 1,
2012.

• to instruct 100mSv in a person’s life time only
for internal exposure without any commitment
for external exposure. Dose limits thus in-
structed were based on the total amount of
internal and external doses, while there has
been no concept of a life-time dose limit in
global society so far. Besides, the instructions
have never considered that many residents, at
present, live under an existing exposure situa-
tion of less than 20mSv/y, but where the dose
may build up above 100mSv.

• to drastically reduce the regulatory criteria for
foods and drinks, as given in Table 3.10) While
the provisional criteria were similar to those of
EU, the new values can be said to be extra-
ordinary small. Even under the existing provi-
sional criteria, the estimated dose by the
Ministry of Health, Labour and Welfare
(MHLW) of the public for the internal exposure
by food intake was calculated to be less than
0.1mSv/y on the average. With the introduc-
tion of new criteria and the removal of foods
exceeding the new criteria from the market, only
a trivial reduction of 8 µSv/y is expected, while
the shipment of agricultural foods and fishes
has been greatly damaged by the new criteria.

• to instruct a dose limit of 1mSv/y for volunteer
workers and 2mSv/y on the belly of a possible
pregnant female worker involving decontamina-
tion in any area of existing exposure situation.

In contrast to these instructions, the residents
have been instructed to continue their life in
areas of existing exposure situation of less than
20mSv/y. Therefore, the instruction not only
disturbs volunteer work, it also contradicts with
the living condition of inhabitants under exist-
ing exposure situations.

• to instruct an unrealistic criterion smaller than
60Bq/kg as the level of cesium activity for
drainage after washing cars while 200Bq/kg
was instructed for drinking water in 2011. In
addition the environment has been contami-
nated with much higher levels of a couple
thousand Bq/kg.

It seems that some governmental agencies do not
realize that unrealistic criteria and instructions not
only cause serious confusion, distress and distrust
among residents, but also cause difficulties in the
daily life of people and in the restoration of the
environment in Fukushima Prefecture. The residents
of Fukushima Prefecture have to feel further stress
concerning foods and health in their daily life under
the reduced criteria. One of the important duties of
the government is to present reasonable measures
so that residents can eat, play and work as com-
fortably as possible by managing their concern about
radiation.

One job of governmental agencies is never to
instruct the most severe and unreasonable criteria for
managing exceptional circumstances after an acci-
dent. It is desired that the government will prepare
consistent and realistic criteria for radiation protec-
tion, while also considering social and economic
effects to overcome the accident.

Social and economical effects of the accident

1. Legal claim for damage due to a nuclear
accident. In Japan, the legal claim law requires that
nuclear companies have unlimited responsibility for

Table 3. Criteria for foods and drink in Japan

[Bq/kg] Old New EU

Drink water 200 10 1000
Milk 200 50 1000
Vegetable, Rice, Meat, Fish, Others 500 100 1250

Existing criteria for foods and drinks were greatly reduced on
April 1, 2012 by the government, where an internal exposure of
1mSv per year is targeted instead of that of 5mSv. A
governmental office has estimated that internal exposure due
to intake after the accident of March 11, 2011 was less than
0.1mSv per year.

S. TANAKA [Vol. 88,480

Food, water, milk …  
*VERY strict* regulatory criteria

April 1, 
2012provisional



The rest is NOT a review of the accident 

but 

about my personal involvement since 2011 

(I will NOT discuss thyroid issues 
 - being debated - )



Why am I here today?

Part 2
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March 11, 2011, Tokyo University 
(was a physics department chair)



Mar 12, 
2011

Mar 13, 
2011

Dose rate @ Fukushima Dai-ichi main gateµSv/h

My first graph: Mar 13, 2011, 07:49 

hayano

Included in the report of the 
Independent investigation commission 
on the Fukushima Nuclear Accident



→
source, Tohoku Univ.

Ranked 7th  
among the most influential twitter accounts
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No. of “follower”s, 3000 → 150,000 within a few days



is bi-directional
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Power of the social media



Summer, 2011 
contamination maps & 
various monitoring results 
became available -  
but 

increasing number of tweets 

by worried mothers: 
what about food safety? 

what are OUR children 
eating?

 22
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I proposed to measure school lunch, 

MEXT: What if radioactive cesium is 
“really” detected?

School teachers, school boards, 
etc., will not be able to cope with 
such situations

but was denied by the MEXT official

Germanium detector
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 connects people
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Power of the social media - 2



Helping MDs with WBC measurements 
(initially there were lots of confusions…)
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Doctors having difficulties with  
“whole body counting” found me on twitter



Internal Exposure in Fukushima  
(daily ingestion of radiocesium)

Part  3
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Average dose of Japanese 
(before the accident)

K-40 : 0.2 mSv

Po-210 : 0.8 mSv



Cs γ-ray

γ-ray

WBC 
2~3Bq/day 
0.02mSv/year

Lunch test etc. 
1~2Bq/day

urine
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K-40 Cs-137

This we cannot avoid This we can avoid

Annual dose!
 (mSv/y) 0.2 1 (for example)

Intake per year (Bq) 20,000 70,000

Amount in the body 
(Bq) 4,000 27,000

Concentration!
(Bq/kg) 55 400

These are for adults

All numbers are approximate



WBC spectra (simulations based on actual data)
134Cs,137Cs 

100Bq/body 
<detection limit

134Cs,137Cs 
300Bq/body 
≈0.02mSv/y

134Cs,137Cs 
1000Bq/body 
≈0.07mSv/y

134Cs,137Cs 
10000Bq/body 

≈0.7mSv/y
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Fukushima c. 
Pop. 290k

Koriyama c. 
Pop. 340k

137Cs deposition 
Bq/m2 

(2011/11/5)

100kBq/m2 of 137Cs on soil 
→ internal exposure 2 mSv/y

Chernobyl studies infer:



Internal radiocesium contamination of adults and children in Fukushima
7 to 20 months after the Fukushima NPP accident as measured by

extensive whole-body-counter surveys

By Ryugo S. HAYANO,*1,† Masaharu TSUBOKURA,*2 Makoto MIYAZAKI,*3

Hideo SATOU,*4 Katsumi SATO,*4 Shin MASAKI*4 and Yu SAKUMA*4

(Communicated by Toshimitsu YAMAZAKI, M.J.A.)

Abstract: The Fukushima Dai-ichi NPP accident contaminated the soil of densely-
populated regions in Fukushima Prefecture with radioactive cesium, which poses significant risks
of internal and external exposure to the residents. If we apply the knowledge of post-Chernobyl
accident studies, internal exposures in excess of a few mSv/y would be expected to be frequent in
Fukushima.

Extensive whole-body-counter surveys (n F 32,811) carried out at the Hirata Central Hospital
between October, 2011 and November, 2012, however show that the internal exposure levels of
residents are much lower than estimated. In particular, the first sampling-bias-free assessment of the
internal exposure of children in the town of Miharu, Fukushima, shows that the 137Cs body burdens
of all children (n F 1,383, ages 6–15, covering 95% of children enrolled in town-operated schools)
were below the detection limit of 300Bq/body in the fall of 2012. These results are not conclusive for
the prefecture as a whole, but are consistent with results obtained from other municipalities in the
prefecture, and with prefectural data.

Keywords: Fukushima Dai-ichi NPP accident, radioactive cesium, whole-body counting,
committed effective dose

1. Introduction

The severe accident involving the Fukushima
Dai-ichi nuclear power plant (NPP),1) triggered by
the Great East Japan Earthquake and resulting
Tsunami on March 11, 2011, dispersed large amounts
of radionuclides, which were deposited on soil and
water in Fukushima Prefecture and surrounding
regions of Japan. A recent airborne monitoring
survey2) carried out by the Japanese government

(Fig. 1) shows that the surface deposition density
of 137Cs amounts to 60 k–300 kBq/m2 in such
densely populated cities as Fukushima (population
!280; 000) and Koriyama (population !330; 000).

Post-Chernobyl accident studies show that the
level of internal radiation exposure of residents from
ingestion of contaminated foodstuffs is nearly propor-
tional to the deposition density; according to the
UNSCEAR 1988 report on the exposures from the
Chernobyl accident,3) the mean transfer factor from
137Cs deposition density (kBq/m2) to first-year
committed effective dose (µSv/y) for adults is about
20. If this also applies to the Fukushima Dai-ichi
case, the committed effective dose (CED) would
be about 2mSv (i.e., average daily intake of 137Cs
!400Bq/day, or body burden of !60; 000Bq/body,
or body concentration of !800­900Bq/kg) for adults
living in the region where the 137Cs deposition density
is "100 kBq/m2 (typical of Fukushima City).

Note that the airborne monitoring surveys4)

and the soil sample analyses5) have shown that the
ratios of deposition amounts of 134Cs (half life

*1 Department of Physics, The University of Tokyo, Tokyo,
Japan.‡

*2 Division of Social Communication System for Advanced
Clinical Research, Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.‡

*3 Department of Radiation Health Management,
Fukushima Medical University, Fukushima, Japan.‡

*4 Hirata Central Hospital, Fukushima, Japan.‡
† Correspondence should be addressed: R. Hayano, Depart-

ment of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-
ku, Tokyo 113-0033, Japan (e-mail: hayano@phys.s.u-tokyo.ac.jp).

‡ Research institute of radiation safety for disaster recovery
support, Hirata village, Fukushima, Japan.

Proc. Jpn. Acad., Ser. B 89 (2013)No. 4] 157

doi: 10.2183/pjab.89.157
©2013 The Japan Academy

Results of the Fifth Airborne Monitoring Survey by MEXT
(Deposition amount of cesium 137 on the ground surface

within a 80 km radius of the Fukushima Dai-ichi NPP)
(As of June 28, 2012)

Attachment 4

Background image: Denshi Kokudo

Legend
Deposition amount of Cs-137 

(Bq/m2) 
Compensated value as of June 28,2012

Fukushima Dai-ichi NPP

Areas where readings 
were not obtained

Fukushima
City

Iitate 

Miharu 

Koriyama

Hirata 
Central 
Hospital

Minamisoma

Fukushima 
Dai-ici
NPP

20 km

30 km

Deposition amount of 
Cs-137 (Bq/m2)

as of June 28, 2012

80 km

45km from 
Dai-ichi

669

0 50 100 150 200 250 300 350
0

2000

4000

6000

8000

137Cs Deposition Density HkBqêm 2L
N
um

be
ro
fS
ub
je
ct
s

Number of Fukushima subjects Hn=24004L vs Deposition density

←
100kBq/m

2

soil contamination level of the subjects

my first medical paper



n=11026, nnd=9686 H88.0 %L

0 50 100 150 200
0

50

100

150

137Cs concentration HBqêkgL

Fr
eq
ue
nc
y

All subjects: Oct 2011-Feb 2012

n=21785, nnd=21573 H99.0 %L

0 50 100 150 200
0

10

20

30

40

137Cs concentration HBqêkgL

Fr
eq
ue
nc
y
All subjects: Mar 2012-Nov 2012

n=7045, nnd=6558 H93.0 %L

0 50 100 150 200
0

10

20

30

40

50

60

137Cs concentration HBqêkgL

Fr
eq
ue
nc
y

Children Hage£15L: Oct 2011-Feb 2012
n=15108, nnd=15096 H100.0 %L

0 50 100 150 200
0

2

4

6

8

10

137Cs concentration HBqêkgL

Fr
eq
ue
nc
y

Children Hage£15L: Mar 2012-Nov 2012
↑ 

10Bq/kg

137Cs concentration (Bq/kg) after March 2012

≈1mSv/y 
including 134Cs 

↓

32

99% (children 100%) were 
below the detection limit



←1964 ～10Bq/kg

137Cs in Japanese adult male, 1959-1994



50 Bq/kg →

■134Cs 
■137Cs 
■40K 

~ 0.14mSv

K and Cs in food served (100 families)
(Nov 2011 ~ Apr 2012)

Source: Co-op Fukushima



Why?
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https://fukumegu.org/ok/kome/

Every bag (30kg each) of brown-rice harvested in 
Fukushima in 2012 tested for radiocesium

Total 10,338,437 bags

>100 Bq/kg
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How the rice bags are measured
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Shiitake mushroom

Wild boar, wild mushrooms, …,  
not from markets 
not tested for radiocesium 
consumed regularly

70-male, 20,000Bq/body, 0.8mSv/y  
 Created  2012/08/02  15:12:20      Page  3  of  3Analysis  Report  -­  ��  �  [77658]

User:  administrator  administrator Database:  InVivo  Server:  127.0.0.1

WBC spectrum

140,000 Bq/kg mushroom was found in his pantry



Bq/m2 (mean 80,000Bq/m2). Some Miharu residents
are therefore potentially at high risk of internal
exposure. We conducted two WBC screenings of
children in Miharu. The first screening was con-
ducted between November 24, 2011 and February 29,
2012, and included 1494 children; the second was

conducted between September 3, 2012 and November
8, 2012, and included 1383 children. Coverage was
94.3% and 95.0% respectively (Table 4).

The results of the second screening show that in
the fall of 2012, none of the 1383 children had a
detectable level of radioactive cesium. In view of the

Table 3. The four highest 137Cs body burdens detected among Fukushima residents as of November, 2012

Age Sex Resident of First
measurement

137Cs
(Bq/body)

137Cs
(Bq/kg)

Second
measurement

137Cs
(Bq/body)

137Cs
(Bq/kg)

74 M Nihonmatsu 2012.8 12,270 183.7 2012.11 6,177 91.9
70 M Kawamata 2012.7 7,032 111.6 2012.11 2,547 40.6
74 F Nihonmatsu 2012.8 4,830 69.4 2012.11 2,139 30.3
66 F Kawamata 2012.7 4,300 69.6 2012.11 1,485 23.9

Table 4. The statistics of Miharu-town school children (ages 6–15) WBC measurements. The numbers of children enrolled in schools
were published by the school board of Miharu town, which may not match the actual numbers of children attending schools when the
WBC measurements were carried out

Enrolled in
August 25, 2011

Measured in
Winter 2011

Coverage 137Cs
detected

Enrolled in
April 1, 2012

Measured in
Fall 2012

Coverage 137Cs
detected

1,585 1,494 94.3% 54 1,456 1,383 95.0% 0
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n=7045, nnd=6558 (93.0 %)
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Fig. 6. 137Cs concentration for all subjects (top) and for children only (bottom), in 1Bq/kg increments. The right-hand panels are for the
period when a change of clothes was instituted for all subjects to minimize spurious readings from surface contamination. Note the
different ordinate scale for each panel. Nonexposed (non-detected) subjects are excluded from the plot.
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Such people are rare (~ 0.01%)

多くの放射性セシウムを摂取した事例 
y初回と2回目の
計測の間隔は 
約3ヶ月 
 

y測定値が半減 
 ＝ 
成人の生物学的 
半減期に一致 
 

y追加摂取をして 
いないことの 
証明が可能 
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←after receiving advice, 
the Cs concentration 
decreased as expected

74 M 
70 M 
74 F 
66 F

1st ~3mo later
41



External Exposure  
Part  3
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Fukushima c.

注：各市HP掲載データをもとに，1年分に変換
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“Glass badge” results, winter 2011

Date c.

Nihonmatsu c.

Minamisoma c. Soma c.

Koriyama c.
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福島市の小中学生のガラスバッジ検査
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Fukushima city

long tail

44

Long tail of “glass badge” data
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winter 2011 
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Fukushima city glass badge, 6-15 years



0.2 0.5 1.0 2.0 5.0 10.01

10

100

1000

104

105

mSvê年

人
数
êmS

v
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Data from Fukushima city

We must focus 
our efforts 
on these people 
↓

winter 2011 

winter 2012 

winter 2013
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These 
↓

Personal dosimeter  
with 1-hour integrated-dose readout
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線量計 takahashi，平均 0.17–Svêh，年推定（含自然） 1.5 mSv，年推定（除自然） 1. mSv

weekend holiday weekend

a Fukushima city resident



the key is to share the data with each individual



What have we learned?

Summary



1. Essential to measure internal+external dose for each 
individual

2. Dose (internal+external): MUCH lower than initially feared
3. But there is a “long tail”

1. Looking at the “average” is insufficient
2. Important to find the people in the “tail”, explain, 

consult, devise effective measures to reduce their 
dose

4. Importance of face-to-face communication (dialogue)
5. Radiation is NOT the only problem -  

Many more psycho-social problems
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“BABYSCAN”



So I made this device, “BABYSCAN” 
world’s first WBC dedicated for small children


