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Here at last:
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~The Age of
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““Introduction and Definitions

* Polymer

e Is a large molecule of repeating structural units, most
typically connected by covalent bonds

e Not just synthetic... can be natural. Rubber, amber, nucleic
acids, cellulose Single Polymer Chains (AFM)




billions of pounds
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1939 World War II speeds plastic develop- 1957 Monsanto's House of Tomorrow /
70 k- ment with plastic bugles, canteens, and opens in Disneyland with walls, roof, i /
navy dinnerware among the multitude of floors, rugs, and furniture made of plastics. /’
new uses.
1957 Invention of the Hula Hoop creates /
1939 Npylon stockings debut at the surge in demand for polyethylene. //
World's Fair, later to create stocking riots /
60 - of the 1940s. 1964 Michelangelo’s “Pieta” cushioned /
in plastics for shipment from the Vatican /
1940 Polyvinlyidene chloride is named to the 1964 New York World’s Fair. /
Saran - first used to make suspenders, by /
the mid-1950s more than S million rolls of 1967 “I just want to sayone word to you /
S0k Saran Wrap were sold each month. ....plastics” — business advice to Dustin Hoffman’s
character in“The Graduate.”
1940 The Christmas tree in Rockefeller
Center is lighted with specially designed 1969 Man and plastics land on
plastic ornaments, replacing glass orna- the moon.
40L ments from Europe.
1976 Plastic microwave
1946 Earl S. Tupper produces a 7- cookware available to con-
ounce polyethylene tumbler, the first of sumers.
many items later available from Tupper-
ware Home Parties, Inc.; nylon zippers 1979 “T-shirt” s ;
= < : - tyle plastic grocery bags
30 and acrylic dentures are introduced. test marketing proves to be successful.
1950s Plastics expand in 1982 Dr. Robert Jarvik desi ifi
: o o 3 gns the artifi-
packaging applications. cial beart made largely of plastic.
20 - 1955 The Cort,_'ette is first 1983 Microwave ovens open a new mar-
car to use plastic for body kot for plasti kagi
el plastic packaging.
1986 The flight of the Voyager demon-
strates the capabilities of advanced plastics
10 F composites when the 2,600 aircraft (includ-
ing pilots) successfully flies around the
. world without refueling.
- -
- - &
= ! 1 ! ! ! An =
1936 1960 1965 1970 1980 1985 2000

year

19.21 Growth of plastics production in the United States. (Source: Center for Environmental Education)
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Introducing...the one-way,
throwaway can...late 1940’s

-

A FEW YEARS
EARLIER,

DURING WWII,

THIS BEHAVIOR
WOULD HAVE BEEN
UNTHINKABLE—

AND PROBABLY
ILLEGAL

DRINK RIGHT FROM THE CAN:
NO EMPTIES TO RETURN

Scurce: Can and Botlle Bilis - CalPIRG
Original SEcurce Unknown



“Throwaway Living”
LIFE = way 8

MAGAZINE

OH
JOY!!

OH
BLISS!!



Throw Away Products Are Now
Plastic
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__Other Resin Families:

* Thermosets (7%)

(7,893 mm Ibs)
e Once molded, can’t be
re-melted/recycled

e Ex: heat resistant items.

* Specialty Plastics (14%)
(15,231 mm lbs)
e Engineering & durable
resins

e Ex: high performance auto/
aircraft parts, construction
materials.
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Buoyancy in Sea Water

Polyethylene
Polypropylene
Polyethylene/Polypropylene

Polyamid resin or Nyion 6/10 (Unfilled)
Polyamid resin or Nylon 6/6 (Unfilled)
Polyamid resin or Nyion 6/12

Polyethylene terephthalate (PET)
Polystyrene (unexpanded)

Polystyrene (Foam)
PVC Flexible (Filled)

Cellulose acetate

Polyester urethane

0.79-0.97
0.90-0.92

i |

1.09
1.13 - 1.15
1.06-1.08

134-139
1.04-1.09
<1

1.30 - 1.70

1.35-1.42

1.1-1.25



Why isn’t plastics recycling simple?

Low melting point

Aluminum = 1,500 °F

Glass = 2,800 °F
Steel =3, 000 °F
Plastic =210 - 480 °F

Some scorch if heated = thermosets

So many different types of plastic
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What happens if you Mix Plastic??

Most olefins could be recycled together...

But how would you keep the material properties
consistent on the large manufacturing scale??

+Each plastic has slightly different properties due to its
molecular structure

+When you make alloys the properties are slightly to greatly
lowered because you have lowered the crystallinity

+1If you have inconsistent composition, you will have
inconsistent properties.

+Mixed plastics have less opportunity to be recycled again
for this same reason...

Tova Sardot slides
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Status Quo of

Production

Plastic Flow
Manufacture
v

Consumer

Marcus Eriksen Slide



Production

ldeal System

100%
Recyclable

T~

Manufacture

i

Collection

>
X/

Consumer

100%
Biodegradable
in all
environments

Marcus Eriksen Slide



URBAN THROWAWAYS ON THEIR WAY
TO “AWAY” >>> NAMELY; THE OCEAN

LONG BEACH, CALIFORNIA, 2005
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HOW MUCH TOTAL PLASTICS ARE
TRANSPORTED BY THE TWO
MAJOR RIVERS DRAINING RUNOFF
FROM LOS ANGELES TO
SAN PEDRO BAY?



Sample and Mass Emission Collection Site Overview
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INDONESIA

CITARUM RIVER
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Yamuna River, New Dehli,
India
Marcuys Eriksen, Photo
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KAMILO DELIVERED ANCIENT HAWAIIAN
EXOTIC TREES FROM THE PACIFIC

NORTHWEST, SOME OF WHICH THEY
CRAFTED INTO VOYAGING CANOES
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Year # 10 70%

0.01
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Sample Locations

Manta 2009
Manta 2007 - 2008
Manta 2007 - 2008
Manta 2006
Manta 2005
Manta 2002
Manta 2000
Manta 1999

Hawaii ?
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Plastic Marine Debris Surface Sample Locations
North Pacific Gyre 1999 - 2009
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What enters the manta trawl is collected 1n the
cod end of the sampling net.
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WHAT HAPPENS TO THE PLASTICS IN THE
OCEANS? — LEACHING & ABSORPTION

Nonyliphenolls

PBDEs

Bisphenol A - o D

.‘-:ﬁ, DDE
Phthalates /

f ﬂ,\

PCBs

Plastics Absorb, Transport and
Release Hydrophobic Pollutants




~ Cause for Concern

Plastics Debris > Microparticle —> Partition of
Enter the Oceans Formation Pollutants

U

Bioavailability of < Ingestion by
<:| Pollutants Zooplanktons
Toxicity Effects [f
in Food Web
<:| Transfer Coefficients
for food web

SLIDE BY ANTHONY ANDRADY
RESEARCH TRIANGLE INSTITUTE



Plastics Absorb
Persistent Organic Pollutants (POPs)

One plastic pellet can have up to 1 million times
higher concentration of POPs than an equal
volume of seawater. (Takada, 2001)






~— The samples are sorted
by hand in the Algalita
Marine Research
Foundation Lab with a
dissecting microscope.
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Count per cubic meter
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Highzvalue
Sample

Modeled Pastics Density 0003883495 - 0.204283861 [ 1.56700635 - 1.947767045

Density modeling was performed using _ -
Inverse Distance Weighted interpolation [10.204283861 - 0.424724263 [ 1.947767046 - 2.368607813

model in Esri's Spatial Analyst. [ 0.424724263 - 0.645164666 [ 2.368607814 - 2.709288435

This is a predictive model utilized here [ 0.645164666 - 0.925725178 [ 2.709288436 - 3.090049131
to show possible plastics density

distribution based on AMRF [— 0.925725178 - 1.246365764 [ 3.090049132 - 3.631130119

sample history. ] 1.246365765 - 1.567006349 [ 3.63113012 - 5.114092827



















PLASTIC

PLANKTON
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Results

Total Fish = 671 (46% immature)
35% had plastic in the stomachs 1391 pcs

6 Species:
Astronesthes indopacifica
Cololabis saira

Hygophum reinhardii
Loweina interrupa
Myctophum aurolanternatum

Symbolophorus californiensis

Count

51

43

26
460
74

% with Ingested Plastic
16
16
23
8
37
56



Endocrine DisW

Bisphenol-A
found in
coastal
waters and
all seafood
sampled
from
Singapore
markets

EARTH RESOURCE

. rse
\d (Basheer et al., 2004)






Black Footed Albatross il Cooper photo
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4 Month old Laysan Albatross

Stomach Contents from Kure Atoll

- —— -
k2o o - " - . - . E
A - ' A _n . i
> v - -

d . ." : -
' 70 » 5 -3 ,
. 2 N A NN
. - - - : -~ .

i 5, "

- P

-

5‘ e _“rghtﬂolo&ﬂhﬂcsa_g?ﬁaw_l b @










-
-

100% of Carcasses have evidence
of Plastic ingestion
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Three Salps--Two appear to have
ingested Styrofoam




g

Ingested plastic particle appears to
be near maximum possible size
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Hatchling turtle, with two pieces of plastic measuring approximately 3mm in diameter.
‘The darker piece of plastic was lodged in the pylorus (the bottom of the stomach) like a
plug, preventing the turtle from digesting food. Credit: Australian Seabird Rescue,

Australia
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Swordﬁsh Impaled Bottle Top
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~“Whale Entanglement Common
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Valella Valella with several plastic particles / Angel White of C-MORE/OSU
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Korean Beach
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Hawallan Sergeant Mamo




SCRAWLED OR SCRIBBLED FILE FISH FOUND ON TROPICAL REEFS TO 120 Meters




- -FROGFISH IN THE DEEP OCEAN?
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Frogfish can change colors
They are “lie and wait” predators
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Colonized Plastic Particle attracts
and transports food

Plastic Facilitates Biotic Mixing Through Slow Transportation of Organisms.
Estimated 47% Marine Species Lost if Total Biotic Mixing Occurs



In the Mediterranean
Trash Cannot Escape
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Dee ) sea Iltter

frem e = www.ifremer.fr

Depth 992m, 20 km offshore Medlterranean coast 3255 feet



Buoyancy in Sea Water

Polyethylene
Polypropylene
Polyethylene/Polypropylene

Polyamid resin or Nyion 6/10 (Unfilled)
Polyamid resin or Nylon 6/6 (Unfilled)
Polyamid resin or Nyion 6/12

Polyethylene terephthalate (PET)
Polystyrene (unexpanded)

Polystyrene (Foam)
PVC Flexible (Filled)

Cellulose acetate

Polyester urethane

0.79-0.97
0.90-0.92

i |

1.09
1.13 - 1.15
1.06-1.08

134-139
1.04-1.09
<1

1.30 - 1.70

1.35-1.42

1.1-1.25



VIDEO COURTESY FRANCOIS GALGANI, IFREMER (A FRENCH NOAA)
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Contents:

» Golf Balli
» 20 Plastic Bags
o ° Small Towels
%«  ° Duct Tape
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