Engaging with local stakeholders:
Some lessons from Fukushima for recovery
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Why am | here today?




Before the accident
studying “antimatter” at CERN
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March 11, 2011, Tokyo Un

(was a physics department chair)
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My first graph: Mar 13, 2011, 07:49
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uSv/n  Dose rate @ Fukushima Dai-ichi main gate
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Ranked 7th

among the most influential twitter accounts

|uw4—hanmz—v—cﬁ?6hbyFﬁﬁ*

o FT—HDRTIVYVA—hrEhIREFEWNWI—Y—D v 7100:
http://www.cl.ecei.tohoku.ac.jp/pri311/trend/rteduser/top100.html

gz 31— HRTEIM
1 @NHK_PR 630455
2 @nhk_seikatsu 304824
3 @Asahi_Shakai 279259
4 @nhk_news 209515
5 @nhk_HORIJUN 173995
6 @tsuda 165434
_’ 7 @hayano 145436
8 @nhk_kabun 127916
9 @earthquake_jp 114806

source, Tohoku Univ.

10 @touhokujishin 112592
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Summer, 2011

contamination maps &
various monitoring results
became available -

but

what about food safety?

what are kids eating?




Proposed to MEXT vice minister, 2011/9/21

Funded by MEXT, JFY 2012 & 2013
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(~35% before the accident)
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Fukushima school lunch,
18% of the ingredients are local
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194Cs & 1¥7Cs in Fukushima city school lunch
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Helping MDs with WBC measurements
(initially there were lots of confusions...)

e —




The first WBC in Minami-Soma city hospital
(23km north of Fukushima Dai-ichi)
July 2011







counts/channel

Black: empty chair
Red: with a subject
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Part 2

Internal Exposure
(daily ingestion of radiocesium)




Japanese radiocesium regulations

2011 Mar 17 ~ 2012 Apr 1 ~
O Provisional regulation values ONew standard limits for
for radioactive cesium? radioactive cesium 2
Category Limit Category Limit
Drinking water 200 Drinking water 10
Milk, dairy products 200 Milk 50
Vegetables
Grains 500 General Foods 100
Meat, eggs, fish, etc.
Infant Foods 50
Ba/kg Ba/kg

Ministry of Health, Labour and Welfare 21



Fukushima soil : Cs - Sr - Pu ratio

Cs Sr Pu
107  10* 10
mMax Conc.
Nuclides Half life H
(Ba/m?)
Cs-134 2y 1.4%x 10
Cs-137 30y 1.5x 10’
-131 8d 5.5x10*
Sr-89 50d 2.2x10*
Sr-90 29 y 5.7x10°
Pu-238 88y 4.0
Pu 239+240 2.4x10%y 15.0
Ag 110m 250d 8.3x10*
Te 129m 34d 2.7 %106

*1 . R 234 6 A 14 BEF RIS

22
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UNSCEAR 1988:

100kBa/m? = 2 mSv/y internal exposure

6000

137Cs Bq/body

5000

4000

3000

Fukushima city :
Typically 100 kBa/m? ¢s7cs)

add 3*Cs contribution

5 mSv/y common in

g ° Fukushima®?
Eﬂm...., k Note: 13’Cs ingestion (adult)
i ﬁj' 1 mSv/y = 70,000 Ba/y = 27,000 Ba/body
~ 400 Ba/kg
Df 20 40 60 80 100

Soil contamination kBg/m?2
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Frequency

Wild boar in Fukushima (2011-2013)

200
150
100

50|

Median ~ 400 Ba/kg

Close to the UNSCEAR-based estimate?

5000 10000 15000 20000

137Cs Bg/kg




No. 4]

Proc. Jpn. Acad., Ser. B 89 (2013)

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,*" Masaharu TSUBOKURA,*? Makoto MIYAZAKI,™
Hideo SATOU,* Katsumi SATO,*! Shin MASAKT* and Yu SAKUMA*

(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 = 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 '*’Cs body burdens
of all children (n = 1,383, ages 615, covering 95% of children enrolled in town-operated schools)
were below the detection limit of 300 Bq/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,
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WBC measurement at Hirata Central Hospital

» FASTSCAN (2-min)

» Detection limit 300 Ba/body
~0.02mSv/y = 10% of °K

» Use step (for children)

step



WBC spectra (simulations based on actual data)

$197Cs
100Bqg/body -

<detection limit -

134(Cs,137Cs |
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18/Cs concentration (Ba/kg) after March 2012

99% were ND

401

)
o

Frequency
Na
-

el
-

0 1

10Bqg/kg

50 100 150

All subjects: Mar 2012—Nov 2012

n=21785, n,3=21573 (99.0 %)

137Cs concentration (Bg/kg)

~1mSv/y
including *4Cs

l i

=
200
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13/Cs in Japanese adult male, 1959-1994

(am) MBI = JF ¥t

E:IIIE-
(1) <1964 ~10Ba/kg
5[!]
200 %
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0
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Health Physics 71, 322 (1996)
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Miharu-town school children
data without “sampling bias”

Enrolled in Measured in Coverage elie” Enrolled in Measured in Coverage 910y
August 25, 2011 Winter 2011 detected April 1, 2012 Fall 2012 detected
1,585 1,494 94.3% o4 1,456 1,383 95.0% 0
1st
2nd
Fall 2011
Fall 2012
(before cloths change)
| ] | | [ ] | | 1 | I |
1400 — -
1200+ .

ek
-
-
o

137Cs Bg/body
o
S

600 .
400 |
200+ .
2012/01 2012/04 2012/07 2012/10
Year/Month
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Miharu-town children are

eating local rice & vegetables

http://www.town.miharu.fukushima.jp/soshiki/11/kensakekka-kouhyo.htm|
Rice Meat Fish

1.0% 03%. _05% 0.2%_.03%

Vegetables Mushrooms Milk Fruit

14.1% 1.2% 3.9% 11% 1.4%

supermarket supermarket .
® avoid local food B also buy local food (@ home-grown ) m other

34



Why*/




Every bag sogeacn) Of Drown-rice harvested in

Fukushima in 2012 tested for radiocesium

Total 10,338,437 bags

12,000,000 —
11,000,000 -
10,000,000 -
9,000,000 -
8,000,000 -
7,000,000 —
6,000,000 -
5,000,000 -
4,000,000 -
3,000,000 -
2,000,000 -
1,000,000 -

Q =

! | T
<25 25~50 51~75 76~100 >100 Ba/kg

https://fukumegu.org/ok/kome/
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Same data in log-log plot

10°

& «—99.8%
< detection limit

ok
—
—T .....m

Tested 10,338,437 bags

71 bags exceeded the
~ 100Ba/kg limit

Frequency
(—1
—
o

100
| detection
limit of Nal
| l i
]10 20



How the rice bags are measured
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Excellence in Science
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Cs in brown rice (Ba/kgrw)

140

120

100

80

60

40

20

Soil = rice transfer factor

Cs in brown rice

Eﬂ)

@ Potassium in soil :(mg K,0/100g)

80

2,500 5,000 7,500 10,000 12,500
Cs in paddy field soil(ea/ke bw)
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Test results of general foods

(2012 Apr ~ , pre-marketing tests)

10°-
~e | < detection limit

10°:
% f 0.7% exceeded the 100Bag/kg limit.
GCJ 104 (out of 400,000 tested)
- |
o 1000 ;
O | 5
Ll 100-5-

10 @

10 100 1000 104
Bq/kg

40



Frequency

104;

-
o
=
o

[S—
i (]
R L

—
I T T

The tail is getting shorter, 2011-2013

general foods

e 2011
m 201
o 2013

N

. normalized by the
: total number of
- samples

10 100 1000  10*  10°
Bag/kg



Hirata-hospital WBC results in log-log plot

detection limit 8Bg/d 40Bg/d 160Bqg/d
! 1 ! |
10— e
,* <99% ND
10 ; 5
h E [ |
8 i
S 1000
= :
O _
O 100
LL E
10:

.

200 500 1000 2000 5000 {10
Bq/body (137Cs)

Hayano et al.



Hirata-hospital WBC results in log-log plot

detection limit 8Ba/d 40Ba/d 160Bag/d
105 l. ....l l l
* |—99% ND

104': ; |
>\ : :
O |
S 1000 _
- - Cs detection —
8 100. |contaminated food can be identified
I - most of the time

10. ‘

|

200 500 1000 2000 5000 {10
Bq/body (137Cs)

Hayano et al.



104

108

10¢

10t

100

7/0-male, 20,000Bg/body, 0.8mSv/y

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

WBC spectrum

250

500

750

L U TR Shiitake mushroom

Wild boar, wild mushrooms, ...,
not from markets

Not tested for radiocesium
consumed regularly



Such people are rare (~ 0.01%)

Age  Sex Resident of First Wiy 181Cs
measurement (Bq/body) (Bq/kg)

74 M Nihonmatsu 2012.8 12,270 183.7
70 M Kawamata 2012.7 7,032 111.6
74 F Nihonmatsu 2012.8 4,830 69.4
66 F Kawamata 2012.7 4.300 69.6

14000 -

- — 74 M w .
12000 2% — 70 M +after receiving advice,
680, - = ;gi the Cs concentration

8000 decreased as expected

6000 -

4000 -

2547
2000 -

5 B | )
2139

1485

¥ TIEE ~3mo later



Part 3

External Exposure

b




Personal dosimeter results May 2011-Apr 2012

Fukushima TV station employees

[—
=

Monitoring station,
Fukushima city

N\

o0

(=

Dosimeter worn by 34
employees:
average1.3+0.3 mSv/y

o

Integrated dose (MSv)
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“‘Glass badge” results, winter 2011

Fukushima 2011/10-12

Fukushima c.

4 B
MNihonmatsu 2011,/9-11

Nihonmatsu c.

R
MinamiSoma 2011/110-12

Minamisoma c.

Date 2011/9-2012/2
Percentage

50

Date c.

0
30
20
10

mMSwviy [n] -
10 ] 2 4 & a8 10

[ koriyvama 2011/10-11
Pearcentagei

60 | '

Koriyama c.

8 6 6 8

10 ]
ms'h" 0t i I i i L i I
10 Y ] 2 < &1 a8
' Soma 2011/10-12

Soma c.

MSv iy o

10 2 ) & 8 10

TmSv/y

ISy

ms
10 vy

ISy

2~3 mo. results extrapolated to 1 year
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Long tail of “glass badge” data

25{"]{]L_Fukushlma city glass badge, 6-15 years |

== ————

20000

Frequency
= o
S 8
o (=

— winter 2011
T — winter 2012
< long tall >

5000

Fukushima city
48



Fukushima city glass badge data in log-log

Frequency
=
=

We must focus
our efforts
on these people

02

iInter 2011
iInter 2012

Data from Fukushima city
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Personal dosimeter
with 1-hour integrated-dose readout

a Fukushima city resident

0.5
0.09 .15 0.15 0.15 (14 0.14 0.22 0.2l 0.14 .14 (.15 (.15 .17 .21 0.21 .24 022
0.4
WW 1 | I’J‘
weekend holiday weekend

-ﬂ e 1 1 1 1 1 1 1 ] 1 1 1
%E‘p 01 Sep 02 Sep 03 Sep 04 Sep 05 Sep 06 Sep 07 Sep 08 Sep 09 Sep 10 Sep 11 Sep 12 Sep 13 Sep 14 Sep 15 Sep 16 Sep 17

20



Our plan was to combine

dosimeter & GPS-enabled phone

L0 Proc. Jpr. Acad., Ser. B 89 [2013) IVol. 89,

ike | did in this paper —
Estimation of the total population moving into and out of the 20 km
evacuation zone during the Fukushima NPP accident

as calculated using “Auto-GPS"” mobile phone data

By Ryugo 5. Havano'! and Ryutaro AnAcHI*
[Cornmunicated by Toshimitsn YAMAZAKL MIA)

Abstract: The first objective data showing the geographical locations of people in
Fukushima after the Fukushima Dai-ichi nuclear power plant accident, obtained by an analysis
of GPS (Global Positioning System}-enabled mobile phone logs, are presented. The method of
estimation is explained, and the fow of people into and out of the 20 km evacuation zone during the

accident; is visualized, Estimated number of people around Fukushima Dai-ichi NPP

e Evacuation Orges — <%km
Jkm 10km - 20km o — 5 10km
, - : - == 10~15km
' B ik : : oo 15-20km
5 S0000 "y i ; i * Some GPS data Radioactive iodine = N-25km
| i ! .:I ! ",I not availabe due level highest during ==E= ia :;E_EE;
| || ! | ! - =tn power c:-utagn: this period o RE ATl
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But it was not necessary.
the key is to share the data with people




A - farmer living in the ex-exclusion zone
B - office worker in Fukushima city

05
0.15 0.16 .28 (.15 0.17 0.17 0.18 .15 0.21 0.14 0.13 0.15 0.13 (.14
04 -
+HOISe daily average ySv/h
0.3 '
0.2 I Mﬂ' MI
|
N A)
5 08"
- 0.09 0.15 .15 0.15 0.14 0.14 0.22 0.22 0.14 0.14 0.15 0.15 0.17 021
04

(B)

G/01 9/02 9/03 9/04 9/05 9/06 9/07 9/08 9/09 9/10 9/11 9/12 9/13 9/14

S M i 4 w Th F Sa S M T W Th F Sa



What have we learned
N 2.5 years?




3. The risk of external exposure is higher

4. “Long tail” is an important keyword

. It 1s essential that we measure internal+external dose for
each individual

. Internal contamination is much much lower than initially

fearea
for most people, <10% of K-40 dose
put there is a long tall

1. Must measure many people
2. Looking at the "average” Is insufficient

3. Important to find the people In the “tail”, explain, consult,
devise effective measures to reduce their dose

4. Fortunately, the number of such people is relatively few In
Fukushima

32
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