Fukushima — a view from the ocean

Ken Buesseler, Senior Scientist

Woods Hole Oceanographic Institution
http://cafethorium.whoi.edu

RADIOACTIVE

IS OUR OCEAN?

i ontaminants from Fukushima remains an unprecedented event for the people of
ientists at the Woods Hole Oceanographic Institution reveal the ongoing

iation across the Pacific and its evolving impacts on the ocean.

http://www.whoi.edu/CMER
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Photos from Fukushima Dai-ichi security camera March 11

Tsunami
50 feet




Fukushima Dai-ichi Nuclear Power Plants
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Before and after March 11, 2011 satellite images Ehe New ok Times




Sendai coast

Before and after March 11, 2011 satellite images
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We live in a radioactive world (and ocean)

Human Sources of Cesium-137
Compared to Natural Radionuclides in the Ocean

Global nuclear weapons Three Mile Island

i - 0.00004 PB
testing, 1950s-'60s Ehamehy) q

Fukushima

950 peta-Bequerels
(PBq)

Most Abundant
Natural Radionuclides

in the Oceans Potassium-40
15,000,000 PBqg
Uranium-238

37,000 PBq

1 Bq = 1 Becquerel = one radioactive decay per second
1 PBq = peta-Becquerel = one million billion Bq
10*> Bg = 1,000,000,000,000,000 Bq




What are levels of cesium-137 in ocean prior to Fukushima?

Arctic Ocean

North Sea g Baltlc Sea
3 Bg/m? “40 Bq/m? G*
Irish Sea. l 7
61Bg/m3 Black Sea
Med ; 16 Bg/m3
editerranean Sea i it
\ o

1.7B 3
North Pacific Ocean g/m

1.8 Bg/m?
North Atlantic

Ocean Japan Coast

1.0 Bg/m3 et ¥ T o iR & 1.9 Bg/m

Cesium-137in
the Surface Ocean

as Of 2008 Indian Ocean
measured in Becquerels ; 1.2 Bg/m3
per cubic meter (Bq/m3) :
South Atlantic Ocean
0.7 Bq/m?

South Pacific Ocean
0.7 Bg/m?

Antarctic
0.3 Bg/m3

-Map updated from Buesseler & Livingston 1990 by P. Morris




Sources of Fukushlma radionuclides to the ocean

o Atmospheric
deposition

Mid-March
2011

e Through river runoff

small and continues

9 Direct discharge

Early April 2011 peak

@ Through underground ~  now small and continues
water flow

Y. Masumoto
JAMSTEC 8

small and continues




One year history of cesium-137 in ocean off Fukushima
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One year history of cesium-137 in ocean off Fukushima
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Cs—137 (2011 APR 30)

. e Model of cesium transport
- one month after disaster
Masumoto et al. JAMSTEC
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Rapid response cruise in June 2011

Cesium-134

Becquerels/ cubic meter
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What about Fish and cesium accumulation?

l;-l
137 g*

sea water

information page from Japanese Ministry of Agriculture, Forestry and Fisheries




Cesium remains high in
bottom dwelling fish
near Fukushima

Demersal (bottom dwelling)
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Figure adapted from
Buesseler, Science, 2012
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Demersal (bottom dwelling)
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How far and fast do Fukushima radionuclides travel?

PACIFIC OCEAN CURRENTS

KUROSHIO CURRENT ‘
FUKUSHIMA

HAWAII




Pacific Blue Fin Tuna migration- arrived in fall 2011
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Debris carried by currents and winds- arrived 2012

PACIFIC OCEAN CURRENTS
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Radionuclides carried only by ocean currents

Predicted surface ocean 137Cs

ﬁ z
i .

2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Time (year)

J Predicted 13/Cs off US varies from 1-2 to 30 Bg m3 in
different models (safe for exposure & fisheries)
J Little/no vertical data to test!




In response, launched citizen scientist crowd funding site
Jan. 14, 2014

HOW

RADIOACTIVE

IS OUR OCEAN?

The release of radioactive contaminants from Fukushima remains an unprecedented event for the people of
Japan and the Pacific Ocean. Help scientists at the Woods Hole Oceanographic Institution reveal the ongoing

spread of radiation across the Pacific and its evolving impacts on the ocean.

v M

"
HELP FUND A PROPOSE A VIEW CURRENT LEARN ABOUT
LOCATION LOCATION RESULTS RADIATION

http://ourradioactiveocean.org




Success stories

HOW

RADIOACTIVE

IS OUR OCEAN?

The release of radioactive contaminants from Fukushima remains an unprecedented event for the people of
Japan and the Pacific Ocean. Help scientists at the Woods Hole Oceanographic Institution reveal the ongeing

spread of radiation across the Pacific and its evolving impacts on the ocean.

J Public & media attention high
1>110,000 web views

(130 sampling sites funded

(1>320 donors
(1 >S50K raised




Current Sample Locations

Data Available
© Newly Funded
O New Fundraising




Current Sample Locations

Data Available
© Newly Funded
O New Fundraising

No Fukushima cesium YET

along west coast & Hawaii
Cesium-137 = 1.4 Bg/m3
Cesium-134 <0.2 Bg/m3




Pt. Reyes CA
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Santa Cruz, CA

Our supporters, cont.

Point Blue Conservation Science

Prince William Sound Science Center
Resurrection Bay Conservation Alliance
San Luis Obispo Mothers for Peace
Santa Barbara Channel Keeper

Say Yes! to Life Swims LLC

Scripps Institution of Oceanography
SW Alaska Inventory and Monitoring
Program

The Guacamole Fund

The Institute for Building Biology and
Ecology

. Tillamook Estuaries Partnership

Ucluelet Aquarium

Umpqua Soil & Water Conservation
District

UC Davis, Marine Pollution Studies Lab

University of Hawaii

West Hills STEM Academy

Woods Hole Oceanographic Institution




San Louis Obispo, CA

Our supporters

Alaska Ocean Observing System
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Our supporters, cont.

Point Blue Conservation Science
Prince William Sound Science Center

Resurrection Bay Conservation Alliance
San Luis Obispo Mothers for Peace
Santa Barbara Channel Keeper
Say Yes! to Life Swims LLC
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Scripps Institution of Oceanography
SW Alaska Inventory and Monitoring
Program
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The Guacamole Fund
The Institute for Building Biology and
Ecology

Tillamook Estuaries Partnership
Ucluelet Aquarium

Umpqua Soil & Water Conservation
District

UC Davis, Marine Pollution Studies Lab
University of Hawaii
West Hills STEM Academy
Gulf of Alaska, AK

Woods Hole Oceanographic Institution

27



Santa Barbara, CA & thanks to more than 320
concerned citizens who have
made donations!
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Fukushima showed
N

Public concern
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Fukushima showed
Education/training need




Mission
dto increase scientific and public understanding of

natural and human-made radioactive elements in
the oceans

Goals
d public outreach
(Jeducation and training
(J promote research

& engineering

Center for
Marine and

Environmenta
Radioactivity IRATAYAYLLIN-LDy e[

Center for
Marine and
Enviconmental
Radicactivity

NEWS & EVENTS DONATE

8 CMER TWITTER FEED

Tweets o Foliow

Center for Marine and Environmental Radioactivity

The Center for Marine and Environmental Radioactivity (CMER) is dedicated to increasing scientific and public understanding of the sources, fate,
and consequences of natural and human-made radioactive substances in the environment. in partic ular the oceans




Support needed for

Center for Marine & Environmental Radioactivi

Citizen Scientists

HOW

IS OUR OCEAN?

The release of radioactive contaminants from Fukushima remains an unprecedented event for the people of

Japan and the Pacific Ocean. Help scientists at the Woods Hole Oceanographic Institution reveal the ongoing

spread of radiation across the Pacific and its evolving impacts on the ocean.
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HELP FUND A PROPOSE A VIEW CURRENT LEARN ABOUT
LOCATION LOCATION RESULTS RADIATION




Support needed for

Center for Marine & Environmental Radioactivi

New Tools
Wave glider
Rad-band




To better understand
our radioactive ocean

70 2Ll

Fukushima and the Ocean

Support needed for
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Center for Marine & Environmental Radioactivity







