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Objectives

* To reveal temporal and spatial distribution
of radiocaesium released from Fukushima
In the North Pacific Ocean

e To estimate total amount of radiocaesium
released from Fukushima NPP accident

iIncluding atmospheric release and direct
discharge
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Temporal and spatial
distribution of radiocaesium
released from Fukushima in the

North Pacific Ocean
Sampling summary and other data source

NYK ships 7 cruises more than 150
samples, 79 samples done, 2 liters surface
only until end of May 2011.

*NYK ships 10 cruieses from Aug. 2011-
Now

eTansel-maru, Hakuho-maru and Keifu-maru
surface and vertical samples
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Table S2. Radiocaesium activity in the North Pacific Ocean in April/May 2011

Station  Depth Latitude Longitude Date 134Cs 137Cs
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NYK11 13/Cs April 2011
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NYK11 13/Cs May 2011
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NYK11 134Cs April 2011
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NYK11 134Cs May 2011
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134Cs (left) and 137Cs(right) in April-May 2011

NYK ships : Brown
MR11-03: light blue , Honda et al., 2011(11:00 today)
KT11-06 Blue




137Cs distribution before Fukushima
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Fig. S1. 3-D 13’Cs in the Pacific Ocean before Fukushima accident in 2011
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13/Cs trend in the subtropical gyre in the western North Pacific
Ocean.( Aoyama, M., Hirose, K. , TheScientificWorldJOURNAL,
4, 200-215, 2004 and update)



37Cs activity / Bq m*

Past and present

TEPCO: Tokyo Electric Power Company, TEPCO News Press
Releases 2011

http://www.tepco.co.jp/en/press/corp-com/release/ 107 ¢

Historical
TEPCO

i | ® Fukushima
3 MEXT
NYK
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Radiocaesium activity in 4 regions
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Fig. S3 Region of interest A, B, Cand D
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Fig S4. 13/Cs and 134Cs activity in region A: eastern
North Pacific Ocean
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Fig S5. 13/Cs and 134Cs activity in region B: western
North Pacific Ocean
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Summary of temporal and spatial
distribution of

Fukushima radiocaesium
* Fukushima radiocaesium deposited on

wide area In the North Pacific Ocean,

especially in western part of subarctic gyre
and subtropical gyre.

e |n the eastern North Pacific Ocean,
maximum 134Cs activity was ca. 10 Bq m-3
In April/May 2011.

e Detected 134Cs was Fukushima origin and
137Cs was Fukushima+ pre-existing bomb



8 steps to estimate total amount of
released radiocaesium from

Fukushima NPP accident
We already have direct discharge estimation.
(3.5#0.7 PBq, Tsumune et al., 2011,
presentation 14:45 today)

Step 1: prepare first guess of source term
scenario of atmospheric release. (8.8 PBQ)

Step 2: Three atmospheric transport models to
simulate daily deposition

Step 3: Pass daily deposition to an ocean
model in the North Pacific Ocean.



Step 4: simulate radiocaesium activity in the
sea

Step 5: Compare simulated activities and
observed activities to evaluate model
simulations.

Step 6: Calculate inventory based on the
ocean observations (8.1+2.8 PBq) and in the
models.

Step 7: Compare observed inventory and
model simulated inventories to have
correction factors of the first guess of the
released scenario.(factors were 1.7-2.3)
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Step 6 calculate inventory in the ocean
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Fig S10. 10 deg mesh for integration of radiocaesium in
Bg m2
Black dots show observation location.



Table S7. Estimation of total amount in the North Pacific Ocean

Longitude

Latitude

Area

134Cs surface  Inventory

Total amount inagrid

km? Bqm? Bg m™ PBq
170 40 875218 57 4275 3.7
150 40 758595 25.5 1913 1.5
150 30 1011562 7.4 595 0.6
200 40 875223 7.05 529 0.5
160 40 875211 6.8 510 0.4
210 40 875223 4.4 330 0.3
160 30 1011562 3.4 255 0.3
180 40 875223 3.3 248 0.2
160 50 611243 3 225 0.1
190 40 875223 3 225 0.2
170 30 1011562 1.7 128 0.1
220 30 1011562 1.5 113 0.1
130 20 1116711 0.7 53 0.06
230 20 1116920 0.6 45 0.05

Total 8.1+-2.8




Vertical profile of radiocaesium at 38-23N, 142-50FE,
station GJT4, KT-11-21 on 29 August 2011

Radiocaesium / Bq m”
0 50 100 150

Depth / m

Our assumption to estimate inventory



Summary of budget of

137CS
Global fallout as of 1970 290 =+

30PBqg &
Observed inventory as of 2002 85 PBq P
Estimated inventory as of 2011 69 PBq b

Fukushima direct discharge to the North
Pacific Ocean
3.5 x0.7PBqg °©

~ukushima atmospheric release  15- 20
:)Bq d

~ukushima deposition on land 3.8-6.6
:)Bq d

Ajy E:Q‘er I-Llrose K. f[lgarashléf( eleléﬁﬁ Ii{r‘(ﬁ\l@ol\:l]%NiT(éI; f9431-§3ﬁ, 2006
EAIR% &let al., 2011, f
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Ccs inventory PBq (1 0'° Bq)

Estimates of total releases from Fukushima

Atmospheric Fallout —————— -— Direct Ocean Discharge —
40
30 - -
20 ur study I

—
=

Our results are added to Ken’s

%)
o slide from his presentation
& (11:30 today)

Total weapons testing 137Cs N. Pacific = 69 PBq
Total Chernobyl releases 137Cs worldwide = 60 PBq
Total Chernobyl releases 137Cs to ocean worldwide = 15-20 PBq
Total Fukushima releases- 137Cs atmosphenc <10 to >35 PBq
- 137Cs direct ocean discharge <1 to =27 PBq




Conclusions

1. Temporal and spatial distributions of radiocaesium from
Fukushima were clearly observed in the North Pacific
Ocean and coupled atmospheric/ocean models simulate
the activity of radiocaesium well.

2. Total amount of the atmospheric deposition in the North
Pacific Ocean from Fukushima was 12 — 15 PBqg for both
134Cs and 13’Cs. Newly added 12 — 15 PBqg by atmospheric
deposition and 3.5 == 0.7 PBq of direct discharge made the
22-27 % increase of total 3¥’Cs inventory in the North
Pacific Ocean.

3. Our study also gives us that total amount of released
radiocaesium from the Fukushima NPP1 accident to the air
was about 15 — 20 PBq for both 134Cs and 13/Cs. Total
deposition on land might be around 3.4 — 6.2 PBg which
corresponds to 23 -33% of total amount to the air.
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possible pathway of
radiocaesium
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Fig. S2 Possible pathway of 13’Cs in the Pacific
Ocean
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