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Intersection between:
socio-economic systems
1. Saves lives

2. creates jobs

3. lightweight, shatterproof, versatile, and inexpensive

And Nature
1. Chemical properties pose potential heath risks

2. Marine life ingest plastics

3. Creates navigational hazard for humans and marine life

4. Transports invasive species

5. Smothers benthic ecosystems



the additives
• Alkylphenols – plastic stabilizer

• Bisphenol A (BPA) shatter-resistant, enhances plastic clarity

• Phthalates –Plasticizer (making plastics flexible and pliable)

• Polybrominated diphenyl ethers (PBDEs) flame retardants

What makes plastics versatile? 



Negative Externalities and Governances
All are known to leach from the plastic products, are 
endocrine disruptors (estrogenic properties), and are 
suspect to side effects in human health and the 
environment. (Halden, 2010)

Banning BPA

Polychlorinated biphenyls (PCBs) massed produced in 
1929, health effects began to be evident 1936, banned 
in 1977.
*Chemicals are innocent until proven guilty

http://www.saferstates.com/toxic-chemicals/bisphenol-a/


Example (PPB= 1pancake of a stack 4K miles high)

The NuvaRing is clinically effective at  0.035 parts per billion 
and 99% effective at preventing pregnancy 



According to the American Academy of Pediatrics 
children are far more affected by:
Chemical Bisphenols
Phthalates 
Perfluoroalkyl chemicals (PFCs) 
Perchlorate Nitrates and nitrites 

Food-Related Use 
Polycarbonate plastic containers
Polymeric, epoxy resins in food and beverage cans 
Clear plastic food wrap
Plastic tubing, storage containers used in industrial food production
Multiple uses in food manufacturing equipment Grease-proof paper 
and paperboard food packaging

Linked to: Diabetes, Obesity, Cancers, Behavior Disorders
Food Additives and Child Health - Leonardo Trasande, MD, MPP, FAAP,a Rachel M. Shaffer, MPH,b Sheela
Sathyanarayana, MD, MPH,b,c COUNCIL ON ENVIRONMENTAL HEALTH 



Once in the ocean, like a sponge, adsorb and 
release chemicals





Stomach Analysis – 670 planktivorous fishes 35% ingested 

plastics at an average of 2.5 pieces per fish (Boerger et al. 2010)



Can you tell which is the 
hydrozoan and which is 
the plastic cheese wrap?

Which is a piece of plastic bag 
and which is the pteropod?





Not just small plastic pieces



Entanglement



The results of one strand of fishing line



Ecological Concern on a Global Scale

8 million metric tons from runoff into the 
ocean annually (Jambeck et al 2015)

Over 5 Trillion pieces in oceans globally 
(Eriksen et al. 2014)

693 marine species negatively  impacted
(Thompson et al 2013)

Not including terrestrial animals



Plastics Global Consumption

 Ellen MacArthur Foundation states more plastic than fish 2050

 $180 billion to increase production by 40% within the next 10 year

 To date, only about 10-12% of plastics are recycled

 Outside of the small percentage incinerated (or launched into space), every piece of plastic 

ever made is still here



Over 10,000 nm 
sampling plastic 
marine debris



Education thru Research, Outreach thru Art, and Solutions thru Collaboration



Our Bermuda 
research since 
July 2009 

Surface sampler PIs Bonnie Monteleone and Jennifer O’Keefe



North Atlantic Sample site



PROCESSING THE SAMPLES



Typical surface sample predominately micro plastics
Defined as 50 µm - 5 mm (0.05-5mm)



Results from first set of samples in the North Atlantic Sargasso Sea

Separated samples by size, type, and color 
(1-2.36 mm, most fragments are white)

Rough Estimate from study
Sargasso Sea is 3,520,000 km= 3,440 tonnes of plastic fragments



North Pacific Garbage Patch 
Algalita Marine Research Foundation 10 Year re-sampling

Moore CJ1, Moore SL, Leecaster MK, Weisberg SB.
A comparison of plastic and plankton in the north Pacific central gyre. Mar Pollut Bull. 
2001 Dec;42(12):1297-300.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20CJ%5bAuthor%5d&cauthor=true&cauthor_uid=11827116
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20SL%5bAuthor%5d&cauthor=true&cauthor_uid=11827116
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leecaster%20MK%5bAuthor%5d&cauthor=true&cauthor_uid=11827116
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weisberg%20SB%5bAuthor%5d&cauthor=true&cauthor_uid=11827116


Like a plastic 
soup



5 Gyres Institute

Eriksen et al. “Plastic 
Pollution in the World's 
Oceans: More than 5 
Trillion Plastic Pieces 
Weighing over 250,000 
Tons Afloat at Sea” 
2014

South Atlantic
4,600 nm from Rio de Janeiro to 
Cape town S. Africa sampling 
for plastic –Fall 2010

1 of 7 voyages around the world 
collecting samples for a global
study working with citizens and 
scientists.



South Pacific – filming of “A Plastic Ocean” – find it on Netflix



Developed and teach Marine Debris 
Field Research Course

• Hire charter 
fisherman

• Look for high 
pressure systems

• Temperature 
changes

• Currents



When we find Sargassum, we find 
plastic



Beach sampling
• Surveying beaches using 

scientific method
• Quantifying debris for data 

analysis 
• Promote policy and legislation







Sampling Process: Prepared by the Duke Environmental Law & Policy Clinic
1) Travel to selected sampling site with equipment
2) Measure and mark three 30 meter transects with two 30 meter buffers in-between
3) Collect anthropogenic litter present from the center, sides, and one meter up each 

bank within the transects, keeping each transects’ litter separated 
- Exclude buffer transects

4) Sort collected litter by transect according to specific categories (plastic film, hard 
plastic, styrofoam and other foams, metal, glass, and other material)

5) Record all data: state the type of litter while the note-taker records the number of 
litter items and identifiable brands on the data sheet

6) Dispose of trash properly 

Assessing Marine Debris through 
Stormwater Regulation in 

Wilmington, NC
METHODS

PHOTOS

INTRODUCTION

CONCLUSIONS

Allison M. Lapinsky, Addie K. Young, and 
Megan E. Lapinsky

Department of Environmental Sciences
University of North Carolina Wilmington
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Sample
Site

Average Number of Litter 
Items per 30 meter 

Transect
Impairment 

Score

Bradley 
Creek

451.3 ± 243.3 High

Burnt Mill 
Creek

242.3 ± 72.5 High

Greenfield 
Lake

429.7 ± 155.2 High

Hewletts
Creek

261.0 ± 64.7 High

RESULTS

• Assessing Litter Loading in Urban Streams: Litter Survey Protocol. (2017). Duke University, & Environmental 
Law and Policy Clinic. 

• Mallin, M. A., McIver, M. R., & Iraola, N. (2017). Environmental Quality of Wilmington and New Hanover 
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• Monteleone, B. L. (2011). The Plastic Ocean Project : An exploration of plastic pollution in the ocean's 
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threats-plastic#what-type.

We would like to thank Talia Sechley, Bonnie Monteleone, Edward (Ned) Buddy, and Dr. Michael Mallin.

Anthropogenic litter is commonly found polluting many natural environments in
today’s world. Whether it be on land or in aquatic environments, litter is unsightly and
is harmful to many forms of life, as represented by the 8 problems listed below. When
litter is managed improperly, it is carried into waterways during storm events and is
eventually deposited into our oceans, where it becomes marine debris (“Sources of
Aquatic Trash”, 2017). Plastic litter represents a large portion of this marine debris.
Trash originating on land makes up about 80% of marine debris and the other 20%
stems from at sea disposals (“Toxicological Threats of Plastic”, 2017). Large cities and
towns produce high amounts of litter, and with an increasing global population, this
poses a potential problem for our waterways. While litter travels downstream it disrupts
natural processes and threatens human and environmental health (“Assessing Litter
Loading”, 2017).
This study was based off a pilot project performed by the Duke Environmental Law and
Policy Clinic. In this study, four waterways in Wilmington, North Carolina were
surveyed. Two of them drain into the Intracoastal Waterway (Bradley Creek and
Hewletts Creek) and two drain into the Cape Fear River (Greenfield Lake and Burnt
Mill Creek). It is hypothesized that if a stormwater pollution problem is present in
Wilmington, North Carolina, then the waterways will have a high impairment score.
The predetermined impairment scores were used in the Duke Environmental Law &
Policy Clinic pilot project.

Dead crawfish in metal can. Trash hotspot at Bradley Creek.

Figure 2. Overview of types of litter and common brands.

Figure 3. Average amount of litter per site with standard 
error and impairment score.

Figure 4. Total number of litter items collected at each site.

Figure 5. Percent total of each litter type found.

There is a stormwater pollution problem in Wilmington, North Carolina. High
impairment scores were calculated in all surveyed waterways. About 90% of all litter
collected was plastic materials. Single use plastics were frequently observed at all sites.
After completing this research, we feel that the data collection sheets could be
improved to better represent the litter load. Transects were modified at Burnt Mill
Creek due to environmental hazards. The information obtained from this research could
be used to support stormwater legislation in North Carolina. We hope to shed light on
plastic pollution and continue research from which policy can be implemented to
preserve our natural environments.

Figure 1. Watersheds of Wilmington.

8 Problems with Plastic Pollution

• Loss of beach front value
• Plague marine nurseries

• Transport invasive species

• Entangle and capture marine 

life

• Navigational hazard for marine 

life and people

• Absorb and leach chemicals

• Ingested by marine life 

• Interfere with the benthos

(Monteleone, 2011)








    Sampling Process: Prepared by the Duke Environmental Law & Policy Clinic

Travel to selected sampling site with equipment

Measure and mark three 30 meter transects with two 30 meter buffers in-between

Collect anthropogenic litter present from the center, sides, and one meter up each bank within the transects, keeping each transects’ litter separated 

                 - Exclude buffer transects

Sort collected litter by transect according to specific categories (plastic film, hard plastic, styrofoam and other foams, metal, glass, and other material)

Record all data: state the type of litter while the note-taker records the number of litter items and identifiable brands on the data sheet

Dispose of trash properly 
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 Anthropogenic litter is commonly found polluting many natural environments in today’s world. Whether it be on land or in aquatic environments, litter is unsightly and is harmful to many forms of life, as represented by the 8 problems listed below. When litter is managed improperly, it is carried into waterways during storm events and is eventually deposited into our oceans, where it becomes marine debris (“Sources of Aquatic Trash”, 2017). Plastic litter represents a large portion of this marine debris. Trash originating on land makes up about 80% of marine debris and the other 20% stems from at sea disposals (“Toxicological Threats of Plastic”, 2017). Large cities and towns produce high amounts of litter, and with an increasing global population, this poses a potential problem for our waterways. While litter travels downstream it disrupts natural processes and threatens human and environmental health (“Assessing Litter Loading”, 2017).

This study was based off a pilot project performed by the Duke Environmental Law and Policy Clinic. In this study, four waterways in Wilmington, North Carolina were surveyed. Two of them drain into the Intracoastal Waterway (Bradley Creek and Hewletts Creek) and two drain into the Cape Fear River (Greenfield Lake and Burnt Mill Creek). It is hypothesized that if a stormwater pollution problem is present in Wilmington, North Carolina, then the waterways will have a high impairment score. The predetermined impairment scores were used in the Duke Environmental Law & Policy Clinic pilot project. 



 Dead crawfish in metal can.

Trash hotspot at Bradley Creek.



Figure 2. Overview of types of litter and common brands.

Figure 3. Average amount of litter per site with standard error and impairment score.

Figure 4. Total number of litter items collected at each site.

Figure 5. Percent total of each litter type found.

There is a stormwater pollution problem in Wilmington, North Carolina. High impairment scores were calculated in all surveyed waterways. About 90% of all litter collected was plastic materials. Single use plastics were frequently observed at all sites. After completing this research, we feel that the data collection sheets could be improved to better represent the litter load. Transects were modified at Burnt Mill Creek due to environmental hazards. The information obtained from this research could be used to support stormwater legislation in North Carolina. We hope to shed light on plastic pollution and continue research from which policy can be implemented to preserve our natural environments.  



Figure 1. Watersheds of Wilmington.

8 Problems with Plastic Pollution



Loss of beach front value

Plague marine nurseries

Transport invasive species

Entangle and capture marine life

Navigational hazard for marine life and people

Absorb and leach chemicals

Ingested by marine life 

Interfere with the benthos

(Monteleone, 2011)
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Chemical Recycling
Researching a solution with Renewlogy (formally PK 
Clean) 
• 2 + 2 Program students

• Local business involvement

• Organic chemistry

• Circular economy technology











Solving the 
Plastic 
Rubik’s cube 
problem





What are your ideas?

To learn more visit:
www.plasticoceanproject.org

Thank you 
ILCSWMA

http://www.plasticoceanproject.org/

	��Helping solve the rubik’s cube plastic problem
	Research team
	Intersection between:
	What makes plastics versatile? 
	Negative Externalities and Governances
	Example (PPB= 1pancake of a stack 4K miles high)�
	Slide Number 7
	Once in the ocean, like a sponge, adsorb and release chemicals
	Slide Number 9
	Stomach Analysis – 670 planktivorous fishes 35% ingested plastics at an average of 2.5 pieces per fish (Boerger et al. 2010)  
	�Can you tell which is the hydrozoan and which is the plastic cheese wrap?�
	Slide Number 12
	Slide Number 13
	Entanglement
	The results of one strand of fishing line
	Slide Number 16
	Slide Number 17
	Over 10,000 nm sampling plastic marine debris���
	Slide Number 19
	Slide Number 20
	North Atlantic Sample site
	Slide Number 23
	Slide Number 24
	Slide Number 25
	      North Pacific Garbage Patch �Algalita Marine Research Foundation 10 Year re-sampling
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Developed and teach Marine Debris Field Research Course
	When we find Sargassum, we find plastic
	Beach sampling
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Chemical Recycling
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Solving the Plastic Rubik’s cube problem
	Slide Number 42
	�What are your ideas?�����To learn more visit:�www.plasticoceanproject.org��Thank you ILCSWMA

