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●slow to decompose ● a non-renewable
resource ● difficult to recycle ● toxic
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1. Prologue: Plastic, the North Pacific and an introduction to the hook and hype-
rbole

2. Key questions I had before visiting the “plastic patch”
i. How much plastic is out there?
ii. What is the extent of this ‘patch’ ?
iii. Does this plastic impact the biochemistry of the region?

3. Objectives of a research cruise to the patch in 2008
4. Research Findings : Absolute and Relative
5. Strategies and schemes that have arisen post-cruise as I have interacted with

the public and with colleagues



1. Plastic is an omnipresent petroleum based polymer
2. ~30 million tons of annual plastic waste generated in the US alone
3. Only ~7% of this is ‘downcycled’, with most of the remainder ending up in

landfills
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1. Plastic accounts for ~10% of the total waste stream in the US
2. Plastic waste has increased dramatically as new applications

emerged
3. The plastic that evades the landfill may enter the rivers and

ocean via:
a) Urban runoff
b) Boating activities
c) Beachgoers
d) Wind transport, flooding

Ballona Creek, LA
County November 2001



1. Trawls by state agencies in CA indicate that
plastic debris on the seafloor is higher proximate
to large population centers

2. Plastic covers ~3% of the area of seafloor within
the S. California Bight
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Output from the Ocean Surface Current Simulator (OSCURS: J. Ingraham, NOAA,
SFSC), as in
Moore (2003) Natural History V112.

Using OSCURS, C. Ebbesmeyer tracked the trajectories of a spill of rubber
duckies and coined the phrase “Garbage Patch”
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“Oprah called it the most shocking thing she's ever seen:
the world's largest trash dump—the Great Pacific Garbage
Patch. Estimated to be twice the size of Texas, this trash
swirl stretches across the Pacific Ocean from the coast of
California to Japan. In some places, the debris is 300 feet
(~100m) deep. Experts say plastic trash has already killed
millions of sea birds and marine mammals.” –
www.oprah.com
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METHODS
1.Collect 11 neuston samples (333 µm
mesh)
2.Fix samples in formalin.
3.Count and separate plankton & plastic
4.Oven dry at 65oC for 24hr, weigh

FINDINGS
“The abundance and mass of neustonic
plastic was the largest recorded
anywhere in the Pacific Ocean at
333,271 pieces per km2

  and 5114 g km2
,

respectively.  The mass of plastic was
approximately six times that of plankton.”



“It’s (the plastic patch) twice the size of Texas” –
Charles Moore

“There’s more plastic than plankton out there” –
Charles Moore

“It weighs 3 million tons” – Charles Moore
“Out here in this desolate place, the water is a stew of

plastic crap. It was as though someone had taken
the pristine seascape of my youth and swapped it
for a landfill.” –Charles Moore

“The patch has been growing, tenfold every decade since
the 1950s” – Chris Parry, California Coastal Commission

“We’re taking 100 million tons of sea creatures from
the ocean and replacing them with plastic” – Sylvia
Earle

A figure of speech in which exaggeration is used for emphasis or effect
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Objective: To examine the impact of plastic debris on
marine microbes.

1.Do plastic particles provide a unique habitat for microbes?
2.What kinds of microbes are associated with plastic debris?
3.Does plastic waste affect the distribution and cycling of nutrients in
the ocean?
4.Do plastic particles affect the absorption and scattering of light in
the water?



Pre-cruise meeting:

Where is the North Pacific plastic patch?
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C-MORE Cruise Plan:
1.Head to the region of calm weather between 30-35° N and 150-130°W
2.Occupy 16 stations within this zone and 15 underway stations
3.Deploy a Algalita “manta trawl” to map the horizontal distribution of plastic
4.Count the Plastic
5.Collect full suite of water column hydrography and biogeochemistry
(particulates, nutrients, diversity (DNA/RNA) , productivity/respiration, TS  profiles)
6.Characterize particle size distributions using a LISST (forward scatter)
7.Measure ATP, chlorophyll, productivity associated with plastic debris
8.Bring videographer along
(http://cmore.soest.hawaii.edu/cruises/super/marcus_film.htm)



An Algalita “Manta trawl” equipped with a flow meter was used to skim the
surface of the ocean. Each tow lasted 90 min. and filtered ~350 m3 of water.
Plastic was counted in size fractions.





!0.35 – 3.71 pieces per m3

!52,233 – 556,152 pieces per km2

!~250,000 /km2 or 1.7/m3 at 35oN



LISST -100X (Laser In-Situ Scattering and
Transmissometry)

1-250 µm particle size distribution
(PSD)estimated from the forward scatter
measured at 32 angles (size bins)

Microplastic ( < 5 µm) was not
visible in underway samples!

•Particles = 1-3 billion per m3

•Plastic = < 3 per m3
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Enhanced particle concentrations coincident with regions of elevated
chlorophyll



52,233 – 556,152

31,982 – 969,777

3,370 – 316,800

The upper range of plastic concentrations within the “patch” does not appear to have increased. Some of this may be due to interannual/seasonal variability in extent of convergence zone relative to sampling efforts



Assuming the highest concentration of plastic found
(106/km2)

= 1.4% TEXAS
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Preliminary Findings (re: Abundance)

1.There is plastic in the NPSG, most of it is small in size
2.The evidence for a rapidly growing garbage patch is slim
3.When the media refer to an of plastic twice the size of
Texas (or twice ~7E5 km2), that area refers to the roughly 20o

latitude by 50o longitude patch between Hawaii and California.
4.The reports of more plastic than plankton refer to dry weight
of the > 300 µm size fraction and thereby omit the bulk of the
microbial consortia
5.1-2 pieces of plastic per m3 is not as awe inspiring as
“plastic islands”

But does this plastic impact biological
communities? Child (not mine) in

a m3
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1. Chlorophyll and ATP concentrations associated with plastic reveal plastic as
microbial habitat

2. Higher concentrations of chl and ATP were associated with the > 2mm size class
suggesting that microbes preferentially colonize large particles
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1. Light/dark bottles were incubated on deck for 24hr, with and without added plastic
from recent tows.

2. Rates of NCP (L-D) in un-amended surface seawater incubations  were ~0-1 µM O2 d-
1

3. When amended with plastic, in limited sampling, rates of respiration, net and gross
primary production were an order of magnitude higher **



Microbes and beyond

1. Plastic is habitat for heterotrophic and autotrophic microbes
2. Transport of invasive species to sensitive habitat
3. Risk of ingestion by nondescriminate(e.g.Vellela vellela) or selective feeders

(birds)
4. Toxicity and bioaccumulation
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Wooden
floatboards

Rope for mooring
 the baskets

Post

Wires fixing the baskets
to the floatboads

Wharf

The sea surface 30cm
Stainless basket
containing
 PP resin pellets
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Laboratory of Organic Geochemistry
 Dr. Hideshige Takada,
Tokyo University of Agriculture and Technology,
Fuchu, Tokyo 183-8509, Japan



1. There is a plastic patch although the extent is exaggerated in popular media

2. Microbes and higher organisms use plastic as habitat (heterotrophic &

autotrophic)

3. Plastic may act as a vector for invasive species

4. Higher organisms consume plastic

5. There is not more plastic than plankton (by total mass or number) in the ocean

6. Certain types of plastic adsorb organic pollutants such as PCB

7. Despite increase in plastic production, we do not have ample data to suggest

these patches are growing







Let’s say you want to remove plastic from the ocean

1. A rule of thumb is 0.11 kg fuel/horsepower/hour.
2. You aren't going to be going very fast, actually using only

a small part of your ship's 6000 hp.  So, let's say 10%
(you've got to keep the lights on), or 600 X 0.11 kg/hour.

3. The ~10 nautical mile run at 2 kts (all you can do with the
fine mesh trawl), will take 5 hours.  So, you are going to
use ~330 kg of fuel to get on average in pretty good
plastic density 1.2 kg of plastic

4. 330 kg >> 1.2 kg
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Funding: NSF, Gordon and Betty Moore Foundation (grants to
D.M. Karl, RML, YHS)

Collaborators: Ricardo Letelier (post-doc advisor, source of funds), Amanda
Whitmire (stimulating conversation about the optical considerations), Charlie Miller
(advice and guidance)



!The representation of science in the media

!Sources of scientific knowledge: how do we identify hype

!Plastic pollution: what actions need to be taken

!How would this topic and other popular subjects be presented in the classroom

!Other topics?


