Microplastics: Is smaller bigger?
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Obvious Impacts in Environment
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m Wildlife Entanglement ®m Macro-plastic ingestion




Advice for the future in The Graduate:

“...1 just want to say one word to you
Just one word. ...plastics.”

Annual plastic resin production in the USA
in billions of pounads

| I | | | ! |

1875 1080 1885 1080 1805 2000 2005 2010

Global plastic production grew 500% over 30 years
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Mystery of the Missing Ocean
Plastic

We're throwing away more and more
| plastic. If it's not ending up in the
o open Atlantic, where is it going?
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http://www.flickr.com/photos/26904941@N05/3426815987/�

Could it be our measurement
of plastics?

m What is found depends on:

m Where we look

m Beaches & water surface
®m What we look for

m Most for >1 mm

Microplastics in the Marine Environment: A Review of the Methods
Used for Identification and Quantification. Environ. Sci. Technol. 2012,
46, 3060—3075.

Submicroscopic
particles of PVC
(shown via electron
microscope)
CREDIT: Courtesy of
Emma Teuten,
University of
Plymouth, UK



Plastics degrade & fragment
over time
- form “microplastics”

e Half-lives
e Years-decades

* Varies by polymer & E
environment :

* Factors: UV, microbial, %
chemical... .:_LE;

S

* Do fragments
accumulate in some _ |
locales Particle Size (um)

e sediments?




4 Top, tertiary

Size matters! fo (e

m Small particles

n Macro—plastic
deterioration

= Engineered micro- &
nano-particles Ecosystem

importance

More abundant

More transportable

More surface area 9
m Leaching/Sorption |

m More critters can eat &
transfer up the chain!
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What is Plastic?
Polymeric chemicals
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Monomer structures of different polymers
Polyethylene(PE) Polyvinyl chloride ( PVC) Polypropylene(PP)
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Biodegradable Polymers

m Use natural polymer components (e.g.

Chitin
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Chitosan

starch, chitin) or mimic their structures

Fishing Line Biodegradability

| Synthatic - Renewable |
Synihafo - Mon-Fenswable

December 7, 2012

Biodegradable Materials May Take
the Scare Out of Ghost Fishing

Arrow points to the
biodegradable escape hatch
design by scientists at the
VIMS. Photograph by
David Stanhope.
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Synthetic polymer additives
Many % levels in plastics!!!
PBDE

Antimicrobials / Biostabilisers

Antioxidants

Antistatic Agents

Biodegradable Plasticisers

Blowing Agents

External Lubricants triclosan

Fillers/Extenders
Flame Retardants
Fragrances

Heat Stabilisets
Impact Modifiers
Internal Lubricants
Light Stabilisers

Pigments Particle size?
Plasticisers

Process Aids Additives &
Reinforcements monomers escape

musk

phthalate

a “We don’t make the plastic...we make it toxic”

- |
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Once upon a time...
We assumed additives locked in plastics

Polybrominated Biphenyls (PBBs)

PBBs used in “nondispersive” flame retardant
applications 1970-1975

Thermoplastics, electronics housings &
polyurethane foam

Accidentally mixed into cattle feed at a MI farm
cooperative- PBBs pulled from market 1976

Techniques must detect TEMPORJAL TRENDS....
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on the
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% Indoor dust: plastics fragment

Webster et al.
2009. Identifying
Transfer
Mechanisms and
Sources of
Decabromodiph
enyl Ether (BDE
209) in Indoor
Environments
Using
Environmental
Forensic

Microscopy.
Environ. Sci.
Technol 43:3067—
3072

ingestion

FIGURE 5. (a). Close-up secondary electron image of a
bromine-containing dust particle. (b) Elemental map constructed

using EDS of the boxed area in 5a (white = carhon, blue =
calcium, red = bromine).




In the News: Additive Toxicity

May 16, 2011 Plastic products leach toxic substances. Many plastic
products contain hazardous chemicals that can leach to the surroundings.
In studies conducted at the University of Gothenburg, a third of the tested
plastic products released toxic substances, including 5 out of 13 products

intended for children.

AR p.

Feb. 4, 2008
Science News
Plastic Bottles Release Potentially
Harmful Chemicals (Bisphenol A) After
Contact With Hot Liquids
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Additives in the Marine
Environment

Hale, R.C. et al. 2008. Antarctic research bases:
Local sources of polybrominated diphenyl
ether (PBDE) flame retardants. Envzron. Sci.
Technol. 42:1452-1457.

International treaty forbids importation or Br Collaboration with Moss

manufacture of specific PBT chemicals in d e || s, Landing Marine
' ' o Laboratories

Antarctica

*Past wastewater treatment: macerate &

discharge
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Ocean: Hydrophobic toxins sorb to
plastics — ppt to ppm

- increase organismal exposure via
ingestion of such plastics?

PBDE

Teuton et al. 2007. Potential for Plastics to
Transport Hydrophobic Contaminants.
Environ. Sci. Technol. 41: 7759-7764

TABLE 3. Isotherm Parameters for Sorption of Phenanthrene to
Plastics and Sediments

e e

169

. gll N Boston
UK. ! Baltimore 416
50

| s
4 !iu;l _ Turkey © 141 u
zﬁ Italy " 7: Japan
%
X

Portugal Greece ‘ﬂ " 2 Tahasan, 18 ,.-.,;
i 20 26pallI N1 Tiwan o
[ 1‘] HK China ¥

Hawail

Freundlich model? linear model?
solid phase log Kg# ne Kyt K2

a7

polyethylenen__4.60 £+ 0.12 )3 4+ 0.11 38100 + 5600 4450
polypropylene 333-0.0 2190 + 17¢
3.00 £ 0,03 1.50+0.09 1650+ 200 4340
3.24 4+ 0.03 1.034+£0.20 16904 310 4450
Sediments
1+0.03 097+007 135+16 20100
74006 1.07+0.14 19 +3 10400

== Vietnam
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Concentration of PCBs* in beached plastic resin pellet (ng/g-pellet)
*sum of concentrations of CB#66, 101, 110, 149, 118, 105, 153, 138, 128, 187, 180, 170, 206

Measured by Polaris Q (Thermo Fisher Scientific)
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Upping the ante...

Classify plastic waste as hazardous

Policies for managing plastic debris are outdated and threaten the
health of people and wildlife, say Chelsea M. Rochman, Mark
Anthony Browne and colleagues.

14FEBRUARY2013|VOL494 | NATURE |

Are plastics PBT chemicals?

17



	Microplastics: Is smaller bigger?
	Obvious Impacts in Environment
	Slide Number 3
	Slide Number 4
	Plastics in Environment
	Could it be our measurement� of plastics?
	Plastics degrade & fragment over time�	- form “microplastics”�
	Size matters!�
	What is Plastic?�Polymeric chemicals
	Biodegradable Polymers
	Slide Number 11
	Slide Number 12
	Indoor dust: plastics fragment
	In the News: Additive Toxicity
	Additives in the Marine Environment
	Ocean: Hydrophobic toxins sorb to plastics – ppt to ppm�	- increase organismal exposure via 		  ingestion of such plastics?
	Slide Number 17

