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"Great Pacific Garbage Patch”
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Subtropical Ocean

aka “Garbage Patches”

T
= S ) —
XS \,_ﬂ
e
e ‘.“7-,‘ ":rﬁ}‘ 2
e =
ST e
.
. ’4{3’.":

Images from Sea Education Association



SEA Semester’

“Microplastics”

www.sea.edu

Sea Education Association



SEA Semester’

Microscopic Plastic in Wastewater

"Microbeads” Clothing Fibers
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Fate of plastic marine debris?




How big is the problem?

Measure the amount
in the ocean
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Sources of marine debris

www.sea.edu

By land...
Litter and Waste:
* beaches
rivers and waterways
drainage outflows and runoff
* winds
Catastrophic events

...and by sea
Ships and at-sea platforms:
* dumping
* lost cargo
* fishing and aquaculture activities
* recreational activities
* oceanographic activities

Rick Loomis, LATimes
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lastic waste
and —> Ocean

www.sea.edu

Jambeck et al., Science 2015

Global plastic production* WERIEEHENTO

The 192 countries with a coast bordering Atlantic, Pacific, and Indian oceans,
Mediterranean and Black seas produced a total of 2.5 billion metric tons of
solid waste. Of that, 275 million metric tons was plastic, and an estimated 8
Coastal plastic waste million metric tons of mismanaged plastic waste entered the ocean in 2010.

Coastal mismanaged
plastic waste

8 Million metric tons of plastic
waste goes into the ocean

] : :
Estimated mass of plastic waste
Generated by 2 billion people within 50 km (30 miles) of the coa: floating at the ocean surface

6,350-245,000 metric tons**

Improve solid Increase

iti i i . Reduce plastic waste managment
Mitigation options: A vatte Siraarn S anadm: capture

*Plastics Europe, "Plastics—the Facts 2013* (2010 data)
“*Cézar et al., 2014; Eriksen et al., 2014 Graphic by Lindsay Robinson/University of Georgia




,n 2 L‘_.“T!‘T i";io '.-q

WWW.sea. edu

BKRSEA Semester

Environmental Studies at Woods Hole & at Sea




SEA Semester’
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Surface plankton net tow

Measuring microplastics

* Net mouth:
* Net mesh:
* Tow length:
« Ship speed:

I1mx0.5m
335 um
1.8 km
2 knots
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Typical plastic debris collected
in plankton nets
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HDPE LDPE

240 pieces
~ 130,000 pieces per km?
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Open ocean measurements
> 6600 surface net tows from 1986-2010

26 million
pieces per km?
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Law et al., 2010
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¥\ Open ocean measurements
SEA Plastic and ocean surface currents

www.sea.edu

1,100 metric tons

2cm/s
surface
currents
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Numerical modeling
Predicted accumulation zones

Maximenko et al. (2012)



file://localhost/Users/kll/Documents/Work/Lectures/maximenko_model_h264.mp4
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Eastern Pacific Ocean
> 2500 surface net tows from 2001-2012
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Law et al., 2014
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Observed vs. modeled
Surface plastic concentration

Lebreton et al. (2012) plastic pieces per km?
Maximenko et al. (2012) o | °FLLLL LSS
PSS ISS

van Sebille et al. (2012)
180°W 160°W 140°W 120°W 100°W

Law et al.,, 2014
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Where is all the plastic?

www.sea.edu

Input from Land: Floating at sea surface:
8 million metric tons per year 6,350-245.000 metric tons

— T S P R e 8
: —| Million metric tons of plastic : "
{ waste goes into the ocean 6,350-245,000 metric tons*
Estimated mass of plastic waste
e coast floating at the ocean surface
Increase = B T
capture M = .

Graphic by Lindsay Robinson/University of Georgia

Where Is the missing plastic?

 Subsurface ocean?

« Seafloor?

« Beaches and coastlines?
* Biota?
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Is the problem growing in time?
U.S. waste generation

www.sea.edu

x 10"

—&— Plastic Waste Generation

w
1

—s— PlJastic Waste Discards

N
!

1986-2008

U.S. Municipal Solid Waste, Plastics (1000 tons)

Source: Environmental Protection Agency
L L

1960 1970 1980 1990 2000
Year
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Plastic concentration vs. time
In accumulation zone

www.sea.edu

North Atlantic, 1986—2010
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Plastic concentration vs. time
In accumulation zone

www.sea.edu

North Atlantic, 1986—2010
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4 Trend: 117 + 196 pieces km? year™
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Trend in resin pellets
North Atlantic, 1986-2010

91% Decrease
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Law et al., 2010
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Near-term mitigation
Global scale

Ted Slegler/DSM B S Rasta Fariz

Bien Hoa, Vietnam Sidoarjo, Bali, Indonesia

envclubarm.wordpress.com
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Long-Term Solutions:

Local Scale: What can | do?

1. Reduce waste

www.sea.edu

* REDUCE consumption of single-use “disposable” items.
 REUSE and RECYCLE what is used. COMPOST.
* Demand “extended producer responsibility”.

2. Limitthe source
* Clean up litter, anywhere.
 Participate in beach clean-ups.
* Check cosmetic labels for microplastic scrubbers.

3. Educate friends, family, teachers

4. Pursue policy initiatives
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Next Steps:

Current research at SEA

www.sea.edu

* Understanding degradation mechanisms and
timeline
* Studying archived samples
* Field and lab experiments

*Size, form (line, film, fragment, pellet, foam) and
polymer type of microplastics:
* Variations in time
* Changes with proximity to sources

 Qutreach —schools, summer camps, public events
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This work would not have been possible without the
dedication of
more than 7000 SEA students,
shipboard crew and faculty,
and the innumerable hours spent picking plastic from
plankton nets.
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Trends in plastic concentration
In defined accumulation zones

North Pacific, 2002—2012
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Ecological impacts of

plastic marine debris

The “Plastisphere”
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Zettler et al., 2013



Fate of plastic marine debris?

S-E-A

www.sea.edu

D plastic fragments

A Plasti kagi B F tation of plastic it in th ' t -
astic packaging ragmentation of plastic items in the environmen frarm the shoreling
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A= 20 pm (smallest

plastic particles
found in environment)

Surface area cmé?

Flastic carrier hag =

10
fragments (log10)

C Conseguences of fragmentation

Size: large — TGS ORI
abhundance: common  ——me=  uhiguitous
chemical transpart: oy —— hiih

Plastic canister  waasiss potential far ingestion:  low —= high

Figure courtesy of R. Thompson
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