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Unnecessary but necessary 
- An experience of commitment to Fukushima-   
 
Ryugo S. HAYANO  
 
Physics department, The University of Tokyo



“antimatter” physicist in Fukushima１
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‣“antimatter” experiment at CERN

- Team leader since 1997 
- No past experience in Radiation Protection  
- nor Risk Communication



“antimatter” physicist in Fukushima１

‣tweeted Fukushima data & graphs,  
twitter followers from 3000→>150,000
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“antimatter” physicist in Fukushima１

‣tweeted Fukushima data & graphs,  
twitter followers from 3000→>150,000
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Mar 12, 
2011

Mar 13, 
2011

Dose rate @ Fukushima Dai-ichi main gateµSv/h

hayano

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

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

→

source, Tohoku Univ.

Ranked 7th  
among the most 
influential twitter accounts



Science Magazine Blog 
top 100 scientists on twitter



10/7/14, 22:28Twitter's science stars, the sequel | Science/AAAS | News

Page 5 of 17http://news.sciencemag.org/scientific-community/2014/10/twitters-science-stars-sequel

European Space Agency

20. Steven Pinker, Cognitive scientist

145,000 followers @sapinker (http://twitter.com/@sapinker) 

Citations: 49,933 K-index: 105

Total number of tweets: 1,674

Harvard University, United States

21. Richard Wiseman, Psychologist

135,000 followers @RichardWiseman (http://twitter.com/@RichardWiseman) 

Citations: 4,687 K-index: 209

Total number of tweets: 22,600

University of Hertfordshire, United Kingdom

22. Ryugo Hayano, Nuclear physicist

124,000 followers @hayano (http://twitter.com/@hayano) 

Citations: 956 K-index: 319

Total number of tweets: 56,500

University of Tokyo, Japan

23. Toshiyuki Masui, Computer scientist

122,000 followers @masui (http://twitter.com/@masui) 

Citations: 3,338 K-index: 210

Total number of tweets: 29,900

Keio University, Japan

24. Marion Nestle, Nutritionist

118,000 followers @marionnestle (http://twitter.com/@marionnestle) 

Citations: 7,176 K-index: 159

Total number of tweets: 3,944

New York University, United States

25. Dambisa Moyo, Economist

104,000 followers @dambisamoyo (http://twitter.com/@dambisamoyo) 

Citations: 1,612 K-index: 226

Total number of tweets: 2,084

Barclays, United Kingdom

26. Lawrence M. Krauss, Theoretical physicist

104,000 followers @LKrauss1 (http://twitter.com/@LKrauss1) 

Citations: 10,206 K-index: 125

Total number of tweets: 1,632

Arizona State University, United States

27. Danah Boyd, Social media scientist

103,000 followers @zephoria (http://twitter.com/@zephoria) 

Citations: 16,274 K-index: 107

Total number of tweets: 4,755

Microsoft Research, United States

28. Karen Nyberg, Astronaut

103,000 followers @AstroKarenN (http://twitter.com/@AstroKarenN) 

Citations: 87 K-index: 570

Total number of tweets: 856

NASA, United States

29. Atul Gawande, Surgeon/public health scientist

98,100 followers @Atul_Gawande (http://twitter.com/@Atul_Gawande) 

Citations: 14,106 K-index: 107



“antimatter” physicist in Fukushima１

‣proposed school lunch measurement to MEXT,  
funded in 2012, continued in 2013, 2014
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An example: Fukushima city school lunch



An example: Fukushima city school lunch
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福島市　給食ゲルマ検査結果

Ê Cs-134の検出限界
‡ Cs-137の検出限界
Ï Cs-134を検出
Ú Cs-137を検出

134Cs detection limit ●  
137Cs detection limit ■   
134Cs detected ◆  
137Cs detected ▲

Year/Month

started to serve local rice but Cs-level 
did not increase

Fukushima school lunches are practically free of radiocesium  
(results of other municipalities are similar)



“antimatter” physicist in Fukushima１
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“antimatter” physicist in Fukushima１

‣collaborated with MDs in Fukushima to establish 
reliable WBC measurements
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“antimatter” physicist in Fukushima１

‣collaborated with MDs in Fukushima to establish 
reliable WBC measurements
‣large-scale WBC surveys (contributed to UNSCEAR 
2013)
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“antimatter” physicist in Fukushima１

‣collaborated with MDs in Fukushima to establish 
reliable WBC measurements
‣large-scale WBC surveys (contributed to UNSCEAR 
2013)
‣“d-shuttle” (Dr. Miyazaki’s talk)
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“antimatter” physicist in Fukushima１

‣collaborated with MDs in Fukushima to establish 
reliable WBC measurements
‣large-scale WBC surveys (contributed to UNSCEAR 
2013)
‣“d-shuttle” (Dr. Miyazaki’s talk)
‣BABYSCAN
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Courtesy, NHK World

This is how the BABYSCAN looks like



Courtesy, NHK World

This is how the BABYSCAN looks like





Fukushima c.

←Fukushima
Dai-Ichi

Hirata

Dec, 2013

Iwaki

May, 2014

Minamisoma
July, 2014

Google Map

n=293

n=216

Koriyama c.

BABYSCAN: 
Geographical 
distribution of the 
families

Three BABYSCAN units so far



~1000 “babies” (<130 cm) measured so far

‣Detection limit for 134,137Cs < 50 Bq/BODY



~1000 “babies” (<130 cm) measured so far

‣Detection limit for 134,137Cs < 50 Bq/BODY

‣134,137Cs NOT detected from any of the ~1000 babies



BABYSCAN is unnecessary 
(for radioprotection)

2



Chernobyl studies infer- 
100kBq/m2 of 137Cs on soil 
+ 134Cs contribution 
→ internal exposure 5 mSv/y ?
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137Cs deposition 
Bq/m2 

(2011/11/5)

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



Fukushima-Pref. statistics

As of Aug 29, 2014June 2011 - July 2014

CED 
<1 mSv 
1-2 mSv 
2-3 mSv 
>3 mSv



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

UNSCEAR 2013, Ref [H5]



Actual int. dose << Fukushima-Pref. statistics
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BUT 
BABYSCAN is necessary for 

communicating

3



20-30 Bq/kg (in body) dangerous… ?

December 9, 2011, ASAHI, quoting  
Y. Bandazhevsky 

“20-30 Bq/kg IS serious… 

Cs accumulates in the heart muscles 
to cause cardiac disease”



FASTSCAN: most commonly used WBC

FASTSCAN detection  
limit ~ 300 Bq/body 

60 kg ~   5 Bq/kg 

15 kg ~ 20 Bq/kg 
10 kg ~ 30 Bq/kg 

(+ small children cannot stand for 2 min)

None before the accident 
now about 60 such units in use in Fukushima

?



detection limit of 
typical WBC
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- We say 
measure parents! 
 
vs 



- We say 
measure parents! 
 
vs 

- Mothers say 
please measure our children



BABYSCAN’s detection limit must be low

“BABYSCAN”

detection limit of 
typical WBC
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Development

3 units have been deployed

2010 2011 2012 2013 2014

10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10



BABYSCAN（1/10 model, May 2013）



BABYSCAN（wooden model July 2013）

more stable face down rather than face up



BABYSCAN（Nov 2013, detector roll in）



BABYSCAN - NOT a baby-friendly device, yet



BABYSCAN: design is an important elementThe massive iron shielding is enclosed within a soft plastic cover  
Designed by Prof. Shunji Yamanaka, U. Tokyo 



BABYSCAN detection limit

← Detection limit <50 Bq/BODY 

Detection limit < 3Bq/kg → 
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Communication is the key

Dr. Masaharu Tsubokura, Minamisoma
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Unnecessary (radiological protection)  
but  
necessary (psychosocial)


