Follow the balloons

Tons of plastic end up in the ocean every year—trash bags, cups,
beach toys, fishing line, bottles, and balloons. Scientists at the Sea
Education Association and Woods Hole Oceanographic Institution
investigated what happens to plastics in the ocean.
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Trolling for plastic debris

For more than 20 years, SEA students and crew have gathered
plastic particles with nets during semester-at-sea cruises in the
Atlantic Ocean and Caribbean Sea.
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Tom Kleindinst, WHOI

Painstaking plastic picking Broken down into bits
After each net tow, students picked out, weighed, and measured The vast majority of plastics collected in the Atlantic Ocean were
plastic particles trapped in the nets. Between 1986 and 2008, some not large bottles, but particles measured in millimeters. The

7,000 students collected roughly 64,000 pieces of plastic from plastics were broken down by waves and chemical reactions driven
6,100 net tows. by sunlight—and perhaps by something else (see page 22).




appointments at SEA and WHOI, Reddy
and Emily Peacock from WHOQOI, and
Nikolai A. Maximenko and Jan Hafner
from the University of Hawaii—reported
their findings in the Aug. 26, 2010, edition
of the journal Science.

The plastic debris reached its highest
density between about 22°N and 38°N lati-
tude; the highest value recorded during
the 22-year period was 580,000 pieces per
square kilometer at 24.6°N east of the Ba-
hamas. Eight-three percent of all the col-
lected plastic debris came from this area,
known as the North Atlantic subtropical
gyre. The region is bounded by wind-driven
currents, such as the Gulf Stream, which
flow clockwise around the gyre.

The findings supported a numerical
ocean model developed by co-author
Maximenko, who suggested that Ekman
dynamics—a net movement of water to the
right of the prevailing wind direction in
the Northern Hemisphere (and to the left

in the Southern Hemisphere)—would tend
to concentrate floating material in the
center of the gyre.

Where do the plastics end up?

The Science study also showed that even
though global production and disposal of
plastic in the U.S. municipal waste stream
both increased significantly between 1986
and 2008, “it is very surprising to find that
the concentration of plastic at the surface is
not increasing,” Law said. If plastic entering
the ocean has also increased, “this means
that there must be some process removing
it from the surface of the ocean.”

“We still haven’t figured out this missing
plastic problem,” said Reddy. But in a first
attempt to try, he, Morét-Ferguson, Law,
Proskurowski, Peacock, and Ellen Murphy
of WHOI analyzed the size, mass, and ma-
terial composition of 748 samples of plastic
collected on SEA cruises between 1991 and
2007. Their study, published in the October
2010 issue of Marine Pollution Bulletin, of-
fers new insights and raises new questions

about what happens to plastics in the ocean.

The scientists found almost no ocean

debris made from PET, although this type

of plastic is found all over beaches, primarily

in plastic bottles. PET (pronounced “Pete”)
has a density greater than seawater.

“Can PET float for a little while and

then sink?” Reddy
asked. “Does the PET
ever get off the beach?
Where is all the PET
going?”

The vast majority
of plastic debris
collected at the sea
surface was made of
polypropylene and
polyethylene, which
are less dense than
water. But their
densities were higher
than expected based
on their chemical
properties alone.
The scientists sus-
pect that water
turbulence and
chemical reactions
sparked by sunlight
probably are
breaking these
plastic pieces
into fragments
too small to be
captured by
sampling nets,

and perhaps are
changing the
density of the
plastic itself so
that it sinks.

There is also
evidence that
“there is bio-
logical growth
on these plastic
pieces,” Law
said. “It’s
possible that
because of
that growth,
the plastic
becomes so
dense that it
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polyethylene,
and PET. That
nitrogen could
only have come
from living
organisms.
Microbes may
be taking up
residence on
the floating
plastic debris,
perhaps tak-
ing advantage of
a new source of
food, or perhaps
using the plastic
pieces as substrates
on which to form
novel microscopic
ecosystems.

A bucketful of
triggerfish
As for macro-
scopic life, it is
common to find
bits of plastic debris
encrusted with
marine organisms,
such as algae, bar-
nacles, and other
invertebrates. Some
communities are
composed of species
normally found in the
open ocean, but other
times, the community
surrounding the plastic
debris is unexpected.
This past summer,
for example, SEA crew
members encountered a
5-gallon bucket carpeted
with algae and other small
organisms, but they also
found an unusual com-
munity of about two dozen

sinks out of the triggerfish that used the
surface layer.” bucket as its base. Triggerfish
The researchers’ are generally found in coral reef

chemical analyses showed communities, but in this case, they were

that many plastic pieces have measurable
amounts of nitrogen, even though nitro- WHOI chemists analyzed bits of plastic collected
gen is not a component of the polymers that  at sea to discern what types of plastics are going
make up plastics such as polypropylene, into the ocean and what happens to them.
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found more than 1,000 miles from the near-
est reef. One triggerfish caught in the net
along with the bucket had more than 40
pieces of plastic in its digestive tract.

Plastic debris may block food passages or
accumulate in marine organisms, but what
happens to it after their death is yet another
scientific mystery.

“We know that the plastic is being con-

United States

sumed by organisms at a variety of scales,
from plankton all the way up to fish and
larger organisms,” Law said. “But we have
no idea how much they eat. We don’t know
what happens to it after they eat it—whether
it stays in the organism itself or whether it
gets eliminated with other waste.”
The answers to these questions may
depend on developing a reliable way to
measure the age of plastic debris.
“We still don’t know how old
many of these pieces of plastic
were,” Reddy said. “Trying to fig-
ure out some kind of time stamp
would allow us to figure out how
long it takes for the plastics to get
into the ocean and how long they
stay there. And then, do they last
torever? Or do they keep breaking
into small pieces and sink down
to the bottom of the ocean?”

Red and yellow areas show where
high amounts of plastic were found.
About 83 percent of all the plastic
debris was concentrated in the North
Atlantic subtropical gyre (marked by
the black contour line). Strong currents
such as the Gulf Stream flow clockwise
around the gyre. Inside the contour
line, water moves slowly.
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A novel collaboration

Reddy said the two studies—in fact,
the entire decades-long sampling effort—
represent a substantial accomplishment for
the SEA staff whose primary role is teach-
ing, not research.

“The several thousand SEA Semester
undergraduate students who helped collect
and count plastic debris over the decades
have been important contributors to this
work,” said SEA President John Bullard.
“They have gained a much fuller under-
standing of the oceans and the role humans
play both in the present and the future.”

The National Science Foundation
supported the research to analyze the
plastic data, but Law said that collecting
the necessary data and monitoring oceanic
conditions over long time periods are too
expensive for traditional government fund-
ing sources to undertake.

“I don’t believe you could have designed
this in a government-funded research capac-
ity—there simply wouldn’t have been any-
body willing to commit that much money
to sustain a time series that repeated itself
every single year for 22 years,” she said. “In
the end, it’s tuition dollars and donor dollars
that funded this research.”

—Dave Lawrence




Revealing Brave New Worlds
on Floating Plastic Debris
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