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Overview
• What happened during March 11‐16?
• Monitoring of radiation activities
C i k• Cancer risk 

• Radioactive contamination in seafood.
Chernobyl NPP
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Fukushima Daiichi NPP
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Earthquake 2011.3.11
• 3.11 14:46 Earthquake
• 3 11 15:46 Tsunami• 3.11 15:46 Tsunami 
attacked on 
Fukushima DaiichiLandslide (m) Fukushima‐Daiichi 
NPP  

( )
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http://www.imart.co.jp/tohoku‐hisachii‐jyouhou.html#houshano‐oen‐saigai

Ground subsidence

Kesen‐Numa Port
(photo by N Hayashi)(photo by N. Hayashi)
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T i tt k dTsunami attacked
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Kamaishi city
“ebb” of tsunami Tsunami overtopped a breakwater.

Tsunami travel time
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H i ht f t iHeight of tsunami
Height of tsunami (m)

< 5m
5‐10m
>10m10m

Fukushima Daiichi NPP
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Haramachi Thermal Power Plant
d d b t iwas damaged by tsunami

photo by H Matsuda
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photo by H. Matsuda



Map of p
Japanese NPPs

Onagawag

Fukushima Daiichi

Fukushima DainiFukushima Daini

○Alive
OP: In Operation
UC:Under Construction
PL U d Pl i
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○ Fatally damagedPL: Under Planning
CL: Under closing

http://www.rist.or.jp/atomica/data/dat_detail.php?Title_No=02‐05‐01‐09

Timetable of Fukushima Daiichi NPP accident
• 3.11 14:46: Nuclear reactors 1, 2, and 3 were automatically 

shut down by the shake. Reactors 4, 5, and 6 were undergoing 
routine maintenance and were not operating, (reactor 4 was 
defueled in November 2010). Units 1 and 2 were not 

ti tl d tifi d th ffi i loperating correctly and notified the proper officials.
• 3.11 ca 15:46: A 14m tsunami overtopped the seawall (5.7m) 

disabling the backup diesel generators The automaticdisabling the backup diesel generators. The automatic 
depressurization systems all failed.

• 3 12 15:36: A massive explosion in the outer structure of unit3.12 15:36: A massive explosion in the outer structure of unit 
1 happened, four workers were injured.

• 3.14 11:01: Unit 3 reactor bldg exploded, injuring six workers. g p , j g
• 3.16 ca14:30 The fuel rod storage pool of unit 4 may have 

begun boiling. 18:00 Workers had been withdrawn because of 
the radiation rising to 1000 mSv/h. 
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http://en.wikipedia.org/wiki/Timeline_of_the_Fukushima_Daiichi_nuclear_disaster

Radiation release on March 14
Wikipedia (Japanese site)
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http://online.itp.ucsb.edu/online/plecture/bmonreal11/

Lecture on March 16

http://online.itp.ucsb.edu/online/plecture/bmonreal11/

Xe, Kr, Rn
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z
http://online.itp.ucsb.edu/online/plecture/bmonreal11/

Xe, Kr, Rn, Cs, I, Tc
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http://online.itp.ucsb.edu/online/plecture/bmonreal11/
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Haramachi
Th l PP

C l tiPl d

Thermal PP

Cumulative exposurePlanned 
evacuation 

zone
Apr.. 22‐

Exclusive
Z

Emergency 
evacuation‐

Zone
March 12‐

Fukushima 
Daiichi NPPevacuation

ready zone
Apr. 22‐
Sep 20Sep 20

15> 20mSv/yrhttp://raizen.seesaa.net/article/215897936.html

Flow of contaminated waters
Tsumune et al. (2011) 電中研Report 
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April 13 May 1
Tsumune et al (2011) J Env Radioactivity, in press



l f di i

After Tsumune et al. (2011) 電中研Report 

Release of radioactive 
contamination to seawatercontamination to seawater

hole into the pit 

categories Total emission Max. con‐
centration

Direct emission 3.5±0.7 PBq 68kBq/L
From Atmosphere ca 80% ofFrom Atmosphere ca.80% of 

15PBq
Planned low level 0 000042PBqPlanned low‐level 
contaminated 
water release

0.000042PBq
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water release

Megafloat for cooling water tanks

Cs‐137 concentration near NPP
Tsumune et al. (2011) 電中研Report 
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I131/Cs137 ratio shows no more release from NPP
Tsumune et al. (2011) 電中研Report 
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Major source of Cs‐137 
Tsumune et al. (2011) 電中研Report 

release has been stopped!
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Key pointsy p
• Radioactive contaminations of I‐131, Cs‐137, 
C 134 i l dCs‐134 are mainly concerned.

• Meltdown occurred in reactors 1, 2 and 3. 
• Nuclear fuel fired in unit 4 during March 15‐16.
M j f h i i i• Major source of atmosphere contamination is 
explosion of units 1‐4 on March 15‐16.

• Major source of seawater contamination is 
emission by a hole into the pit near reactor 2emission by a hole into the pit near reactor 2 
that was blocked by water glass on April 6 

imorning.
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Di i i i

http://pub.ne.jp/newjei/?entry_id=3823685http://yellow.ap.teacup.com/thinkmon/1194.html

Discrimination to
radioactive contamination

• Discrimination in even the Kyoto traditional 
religious eventsreligious events

• Pine woods with prayers’ message, almost no 
contaminated, were rejected to be burn in Kyoto 
religious event (August 16, 2011)g ( g , )

• Garage sales of agriculture/fisheries products of 
Fukushima in Fukuoka was cancelledFukushima in Fukuoka was cancelled.

22http://www.asahi.com/national/update/0925/TKY201109250289.html

Ministry of Agriculture’s campaign
“Support Eastern Japan by eating foods”
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Suspended farms in
Iitate village (outside of 

exclusive one)exclusive zone)

September 2010 September 2011
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http://www.iitate‐madei.com/village06_2011.html



Residents were allowed to 
b k h f 2hcome back home for 2hrs

一時帰宅で元の自宅付近を歩く人達

写真：一時帰宅を許されたが、家・家財道具
はなく廃墟を歩く
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No control of domestic/wild animals/

OhkOhkuma

• Snake thief
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Ohkuma

Problems of wildlife in Japan p
• Recent concerns of wildlife management in ece t co ce s o d e a age e t
Japan is not extinction, but “over‐abundance” 
of deer monkeys and boars all of whichof deer, monkeys and boars, all of which 
inhabits near Fukushima Daiichi NPP.

• Human excluded zone (20km zone) is a 
“heaven” of wildlife despite of radioactive p
contamination

• Wildlife may threat damage on agriculture• Wildlife may threat damage on agriculture 
outside of the 20km zone.

• We cannot catch them in the 20km zone.
27

Ecological risk of Chernobyl 
NPP accidentNPP accident



Air contamination
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Tokyo (200km) Fukushima city (70km)
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Tokyo (200km) Fukushima city (70km)

Internal exposure by respirationp y p

Cumulative external exposure

C m lati e internal e pos reCumulative internal exposure 
by respiration

30Chiba city (200km) From T. Yasutaka

Soil contamination

31Nihonmatsu city (50km) From T. Yasutaka

Contamination of food productsp
Vegetables of Ibaraki & Fukushima
S f dSeafood

I t iInterim 
standard

Not observed
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History of Radioactivity 
d iti i T k /T k bdeposition in Tokyo/Tsukuba
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Biomagnification
From K. Yoshida
要文献検索

http://www.nougaku.jp/symposium/2011/yosida.pdf

g

ZooplanktonnMollusca Crustacea Small fish Large fishseawater
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ZooplanktonnMollusca Crustacea Small fish Large fishseawater

Contamination due to Chernobyl
K. Yoshidahttp://www.nougaku.jp/symposium/2011/yosida.pdf

y

□ muscle of sardine□ muscle of sardine
■ diatom
■ seaweed
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Tokyo‐Hakodate 1986

Monitoring of fish/seafood
http://www.nougaku.jp/symposium/2011/yosida.pdf K. Yoshida

g /
Strontium‐90
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How long should we mind?
http://www.nougaku.jp/symposium/2011/yosida.pdf K. Yoshida

Lessons from ChernobylCs‐134/137

Surface Sea water (right axis)Su ace Sea a e ( g a s)

Sea bassSea bass
cod
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Years after accident

Total exposure (mSv/yr) 
d i k (％)and cancer risk (％)

• Major source of exposure is external at least 
>20km far from Fukushima Daiichi NPP.

• Exposure from foods depends on person (to 
buy or not products of Fukushima)buy or not products of Fukushima)

Place Exter‐ Respi‐ Drink Foods soil Total Cancer 

nal
p

ration (mSv/yr) Risk (%)

Fuku‐ 8.0 ~1.0 0.03 1.01 <0.5  11 0.06
shima
city
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Tokyo 0.13 ~0 ~0 0.37 ~0 0.5 0.003

Conclusion
• I‐131  Physical half‐life period (HLP) = 8 days.

d b h hl d bSeaweeds may be highly contaminated, but it is 
effective to prevent I‐131 from thyroid.

• Cs: Biological HLP = ca. 50 days. Some ground 
fish is still contaminated Check inspectionfish is still contaminated. Check inspection 
data! Keep the interim standard (500Bq/kg for 
C 134 & C 137 2kB /k f I 131)Cs‐134 & Cs‐137, 2kBq/kg for I‐131)

• Sr‐90: Physical HLP = 28.8yrs; accumulated into y y ;
bones.  Japanese do not eat bone of tunas!

• Pu: very low concentration• Pu: very low concentration.
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Conclusions by Ben Monreal (March 14)y ( )
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