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Presenter
Presentation Notes
Marine debris, while only beginning to draw worldwide attention, is already causing serious impacts on the environment including many types of marine life (as you have heard described today).  The potential for adverse human health effects from the increasing amount of marine polymer debris has also recently come to light.


The Path of the S/V Kaisel
August 4 — August 31, 2009

North Pacific
Ccaan
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This August, the Project Kaisei Science Team traveled over 3,000 nautical miles to the North Pacific Gyre and back. 
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We collected more than 100 samples of marine debris and over 300 samples of mid-trophic level and predatory fishes for analysis of chemical contaminants often referred to as persistent organic pollutants (or POPs). POPs are concerning because they don't break down in the environment and they accumulate in marine life and humans.

Photo credit Michael Gonsior
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Analysis of POPs in the marine debris samples is a vital step in researching whether there is a relationship between ingestion of marine debris by fish (and other marine life) and tissue contaminant levels in these fish and, ultimately, in fish that humans consume.  Research in this area is in a developing stage, but suggestive evidence is building.  

Photo credit Andrea Neal
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Our samples are currently being held at a state laboratory pending adequate funding to support development of appropriate protocols for analysis of POPs in marine debris.
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Analytical protocol development and testing is crucial because of the heterogeneous properties of our debris collections.
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After spending four weeks in the North Pacific Ocean from the coast of California to 1550 nautical miles west southwest, and encountering marine debris first hand, I still find it difficult to find words that convey the magnitude of the problem. What I can tell you is that every sample collected on S/V Kaisei…

Photo credit Melanie Smith
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… and the counterpart Scripps vessel, New Horizon, contained marine debris—whether we were far out at sea or 200 miles offshore. 

Photo credit Troy Brajkovich
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We conducted daily and nightly surface trawls with this manta net, 


Cod end
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and filtered over 100,000 cubic meters of ocean water through the “cod end” (attached at the end of the trawl net) over the course of the expedition. 

Photo credit Jo Ruxton
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Unlike tales of an eighth continent, we found marine debris in the N. Pacific Ocean to be much more insidious. 
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Each sample included fragments of plastic of varying types, shapes, sizes, and colors, most just a few millimeters in length or diameter mixed with marine invertebrates and fish and other debris types including small pieces of rope and monofilament fishing line. 
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The polymer fragments are sometimes called microplastics—referring to fragments less than five millimeters.  
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These microplastic debris fragments are insidious for several reasons. 
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Unlike larger floating debris…
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… the widespread distribution of miniscule fragments that have broken down from larger items …
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... poses an enormous challenge for cleanup. 



Yellowtall jack

Seriola lalandi
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The reason I am here today, though, is to talk with you about the harmful effects of marine debris on water quality, marine life, and potentially human health.
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Several mechanisms have been identified in the literature and in our research by which water quality can be negatively impacted by marine plastic debris. 
First, preliminary research onboard Kaisei linked the presence of polymer debris in the ocean with changes in ocean chemistry. 
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We measured significantly increased production of hydrogen peroxide in seawater exposed to sunlight when plastic debris was present.  


Polymer Debris + Sunlight =

* |Increased production of hydrogen peroxide In
seawater

e Causes oxidative stress for organisms

o Affects organisms’ ability to detoxify reactive
substances
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Hydrogen peroxide is a reactive oxygen species, which means it contains free radicals or, in other words, has an unstable chemical configuration that can cause significant damage to cell structures.  This situation is referred to as oxidative stress.  Oxidative stress represents an imbalanced state in which an organism is not able to detoxify the reactive substances or easily repair the resulting damage.
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Second, plastic materials have been shown to leach polymer constituents and additives.  Chemical compounds are used as additives in polymers to enhance the properties of the products.  Additives include plasticizers and stabilizers such as phthalates, alkylphenols, organotins, and bisphenol A.
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Release of these chemicals is undesirable, but can occur during the life of the product and in post-use scenarios such as landfills and potentially in the ocean.  Numerous studies have reported detection of these chemicals in landfill leachates (Yasuhara et al. 1997; Yamamoto et al. 2001; Fromme et al. 2002; Jonsson 2003; Deng et al. 2006; as cited in Teuten et al. 2009).

Teuten et al. Phil. Trans. R. Soc. B (2009) 364:2027-2045.
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Third, chemical contaminants have been shown to adsorb to polymer surfaces (Carpenter et al. 1972).  POPs can thus can be transported via marine polymer debris into the ocean and potentially transferred to marine organisms and the food web.
Several studies in the early 2000s examined marine resin pellets from different areas of Japan and the Pacific Ocean and detected polychlorinated biphenyls (PCBs), dichlorodiphenyltrichloroethane or its metabolites (DDTs) (and nonylphenol/other chemicals) in the pellets 
	Mato et al. Environ. Sci. Technol. (2001) 35:318-324; Endo et al. Mar. Poll. Bull. (2005) 50:1103-1114. 
Furthermore, researchers showed seawater to be the source of contaminants adsorbed on polypropylene pellets.  They exposed virgin pellets to ambient air and to seawater and subsequently measured PCBs and DDTs on the pellets exposed to seawater (Mato et al. 2001).

Carpenter et al. Science (1972) 178:749-750.
Photo credit NOAA Marine Debris Program
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Further analyses of beached resin pellets were conducted from a variety of locations worldwide. The results showed higher concentrations in San Francisco and Los Angeles, California, among other areas where a connection to high use and abundance of PCBs in sediments was drawn (Ogata et al. 2009).  Coastal fish contaminant studies in California also show higher concentrations of PCBs in fish from these urban areas.  Because PCBs and other contaminants in sediments can be re-suspended in the water column, California coastal contaminants are a potential contributor to marine debris contamination. 

Ogata et al. Mar. Poll. Bull. (2009) 58:1437-1446


Weathered pellet
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Finally, in the pellet studies, the authors reported that the highest chemical concentrations were measured in the most weathered pellets (Endo et al. 2005).  These pellets turn yellow or orange in color.  This is significant because studies have documented preferential selection of yellowed pellets, i.e., the more contaminated ones, by seabirds and other wildlife that are ingesting them.
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Using an Environmental Scanning Electron Microscope, we found the pellets were covered in biofilm, including bacteria, as shown in this slide, and other organisms and microorganisms

Photo credit Andrea Neal
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This work is also detecting the presence of chemicals such as zinc and titanium, used in sunscreens, at levels higher than expected naturally.

Photo credit Andrea Neal
(done without fixation, so samples are imaged without any coating.)  
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On Kaisei in the open ocean, we observed that polymer fragments are significantly more abundant than pre-production resin pellets and thus could pose an even greater threat.  At least one study, to date, has reported similar concentrations of PCBs, DDE, and other chemicals in marine plastic debris (including both resin pellets and fragments of debris) collected from a variety of Pacific Ocean locations including the North Pacific Gyre, California, and Hawaii. (Rios et al. Mar. Poll. Bull. (2007) 54:1230-1237)


Marine salp
Ingesting plastic
debris
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One of the shocking things we observed on the Kaisei expedition was indiscriminate ingestion of plastic fragments by a number of invertebrate organisms.  In this slide, you can see a marine salp with polymer debris inside its body cavity.  Salps and other invertebrate animals are an important food source for turtles and invertebrates like squid.
Ingestion of marine debris by marine organisms is not new.  In fact, one of the earliest references reported the widespread occurrence of polystyrene spherules in the coastal waters of southern New England.  In addition, they found very high concentrations of PCBs on the spherules, and they recovered spherules in the stomachs of eight species of fish and a worm (Carpenter et al. 1972).


Species

Material

Location

Source

Red phalorope, Phalaropus
fulicaria

Amntarctic skua, Catharocis
maccormicki

Tristan skua, Catharacta
skua hamiltoni

Great skua, Stercorarius skug

Long-tailed jaeger,
Stercorarius longicaudus

Parasitic jaeger, Stercorariug
parasiticus

Pomarine jaeger,
Stercoraritus pomarinus

Laughing gull, Larus africifia

Black-headed gull, Larus
ridibundus

Bonapartes gull, Larus
philadelphia

Heermann's gull, Larus
heermanii

Mew gull, Larus canus

Herring gull, Larus
argentaius

Western gull, Larus
occidentalis

Glancous-winged gull, Larus
plaucescens

Plastic fragments, polystyrene,
plastic particles

Fishing line in mouth and around
neck

Plastic particles

Plastic particles
Plastics

Plastics
Plastics

I: Plastics

E. Monofilament line, six-pack vokes

Fishing line, fishhooks, string, wire,
fishing net

Plastic fragments

Plastic particles

Pellets and plastic fragments

Plastic fragments

I: Plastic bags, stryofoam,

" cellophanc

E: Fishing line, string, fish hooks,
~ wire, six-pack yokes

I: Plastic

E: Fishing line

Plastic fragments

M. Atl.; M, Carolina
M. Pac.: California

5. Ocean
5. Pac.

&, Atl.: Gough Is.

5. Atl.
M. Atl.: M. Carolina

M. Atl.; N. Carolina
M. Atl.; M. Carolina
M. Atl.: Florida

N. Al

M. Atl.: Brit. Isl.

M, Atl.: M, Carolina
Eastern Canada

M. Pac.: California
M. Pac.: California

M. Atl.: North Sea
M. Atl.

M. Atl.: Brit. Isl.
Not identified

M. Pac.: California
M. Pac.

Moszer and Lee 1992

Comners and Smith 1982; Robards et
al., Chapter 6, this volume

Slip 1990

Robards et al., Chapter 6, this
volume

R.W. Furness 1985a

Ryan and Fraser 1988
Muoser and Lee 1992

Moser and Lee 1992

Moser and les 1992

Below 1979

Omions and Rees 1992

Moser and Lee 1992

Braune and Gaskin 1982

Baltz and Morejohn 1976

Baltz and Morejohn 1976; Robards
et al., Chapter 6, this volume;

Vauk-Hentzelt 1982

Day et al. 1985; Vauk-Hentzelt 1982

Omions and Rees 1992

H. Ogi (cited in Day et al. 1985)

Jameson 1986
Baltz and Morejohn 1976
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Since then, over 180 species have been reported to ingest marine debris, including fish, birds, turtles, and marine mammals (Laist 1997 IN:  Marine debris—sources, impacts, and solutions (eds J.M. Coe & D.B. Rogers), pp.120-139. Berlin: Springer). 
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Recent studies—not yet published—have found polymer debris in the stomachs of the fishes from the same family of fishes I collected for future study:  the Myctophidae family of lantern fishes. 
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These fish are an important link in the food web because they consume zooplankton at the ocean surface, where the majority of debris we collected was found, …


Yellowtail Jack
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… and are consumed themselves by a number of pelagic fish species including tuna, yellowtail jacks, and mahi-mahi, to name a few, as well as squid and other marine species.  You probably noted that these species are commonly consumed by humans, and thus, this represents a very close link between marine debris and potential human exposure. 
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There is still work to be done to establish a link and assess the risks, but at least one study showed a positive correlation between PCBs levels measured in the fat of great shearwaters and the amount of plastic ingested by these marine birds (Ryan et al. Mar. Poll. Bull. (1988) 19(4):174-176).
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Since I have been back from the research expedition, I have become more acutely aware of discarded trash in creeks, the predominance of plastic products in the marketplace, and the amount of plastic packaging that is used.  In supermarkets, drugstores, and other commercial outlets, single-use plastic bags are dispensed as indiscriminately as invertebrates ingesting marine debris.
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I know first hand the enormity of the marine debris problem facing our world.  If we do not act, the problem will only increase in magnitude and the threat it poses to our health will grow. 


The Future?

e Decreased use of single-use, disposable
oroducts

 Decreased production of non-biedegradable
nlastic products and decreased use of
narmful chemicals

e Increased recycling via incentives or
mandates for consumers and businesses
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Here are suggestions for the future that may address this important problem.
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