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THE PROJECT

Assessing the effectiveness of waste management in reducing the levels of plastics entering
Australia’s marine environment This preliminary report and plain English summary for this emerging
priorities project is intended to be a high-level document that synthesises existing knowledge on the
relationship between debris in the marine environment and litter data from nearby sites, and the
pathways through which litter moves into the marine environment.

Maps showing leakage points and litter or debris concentrations (e.g. hotspots) are also provided.

1. PROJECT OUTPUTS

1. A written report and plain English summary for use by state, territory and local
governments, which:

a. Synthesises existing knowledge on the relationship between debris in the marine
environment and litter data from nearby sites, the types of litter and the pathways
through which litter moves into the marine environment.

b. Summarizes existing coastal debris/litter survey methodologies with discussion of
applications of each.

2. A list of activities and programs associated with plastic waste reduction (including
facilities, policies and outreach),

3. A publically accessible analysis and summary of different survey methods aiming to
reduce debris inputs to the marine environment.

a. The relative cost of activities and programs;

b. A relative ranking of activities and programs regarding their effectiveness in
reducing plastic waste in the marine environment.

4. Conclusions on where marine debris hot spots are in Australia’s marine environment
and effective mitigation strategies.

5. Recommendations on where more information (such as scientific, policy, infrastructure,
community engagement) is required to obtain a better understanding of the problem
and possible solutions. This may include identifying knowledge gaps and needs for
further analysis.
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2. AN OVERVIEW OF SOURCES AND PATHWAYS FOR MARINE DEBRIS
ENTERING THE MARINE ENVIRONMENT, WITH A DISCUSSION OF
SURVEY METHODOLOGIES

Marine debris (or marine litter) is a growing issue of international concern. Defined as any
persistent, manufactured or processed solid material discarded, disposed of or abandoned in the
marine and coastal environment (UN Environment Program, 2009), it results in a multitude of
impacts in coastal and marine environments. Not only does debris impact wildlife, have detrimental
economic consequences, result in navigation hazards and transport invasive species, but it also has
aesthetic and toxicological impacts on communities and wildlife, respectively. Common items that
end up as marine debris include plastic bottles, food packaging, fishing nets or gear, food packaging,
cigarette butts and plastic bags (ICC 2016).

Marine debris and its upstream source, land-based litter, is a growing environmental, economic and
social issue that spans council, state, national and international boundaries. Addressing this complex
issue and reducing litter inputs to the marine environment is a challenging undertaking. Managing
the issue will benefit from understanding the plastic pollution problem from a large-scale, holistic
perspective. This involves conceptualizing the sources and drivers, the distribution and dynamics of
debris in the environment as well as identifying or quantifying the impacts on wildlife and humans,
and identifying and assessing a suite of potential management responses (Hardesty and Wilcox
2017). The remit is conceptually broad and includes topics as widespread and diverse as littering and
human behaviour, oceanography and physics, economics and ecology, and toxicology and metabolic
physiology (Hardesty and Wilcox 2017).

Research on marine litter has been ongoing for decades, with studies in the 1970’s initially
addressing the topic. There has, however, been a recent explosion of work addressing the marine
debris topic, and it has increasingly been in the public eye. In 2015, the first recent estimate of how
much mismanaged waste enters our global ocean was published, suggesting that 4.8-12.7 million
metric tonnes of plastic enters the ocean from the 192 countries around the world considered, and
including people living within 50 km of the coastline (Jambeck et al. 2015). It has also been estimated
there are more than five trillion pieces of floating plastic in the ocean (Eriksen et al. 2014).

In terms of impacts on wildlife, a recent review estimates around 700 species interact with marine
debris (Gall and Thompson 2015). That number is undoubtedly climbing as further research into
additional species and their interactions with debris are explored. Plastic debris is ubiquitous; it is
found not only on the coastlines of countries around the world, but it has also been found from the
most remote corners of the Arctic (Obbard et al. 2014; Lusher et al. 2015) to the deepest depths of
the ocean (Woodall et al. 2014).

With an estimated 80% of debris entering the oceans coming from land-based sources and the
remaining 20% from at-sea activities (Derraik 2002; Jambeck et al. 2015), understanding the
movement of litter on land is fundamental to addressing the issue before it reaches the ocean, and is
the focus of this project. Litter or debris moves in the environment through a variety of pathways.
The primary pathways through which litter moves include human movement and behaviour (littering
or dropping items), vehicular transport, wind and water (along rivers, creeks, streams and
stormwater outfalls). We address this in our work. As a case study, we examine watersheds in the
Sydney region to identify the key sources and drivers of litter moving from land to the ocean (see
Figures 3, 4).

The topics of how, where and why to monitor debris are wrought with implications. These questions
have implications for how data can be analysed, what we can learn from it, how we can estimate or
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make predictions or projections for areas we have not been able to sample, and many other
questions we may wish to address. From the 1990s through to the present day, peer-reviewed
studies have summarized marine litter monitoring programs, focusing on methods and national-scale
surveys (Rees and Pond, 1995; Ribic et al. 1992) with a variety of recommendations for guidelines
and approaches to monitoring marine litter on land (see Cheshire and Adler, 2009; Galgani et al.
2010; Opfer et al. 2012; NOAA 1992, 2011; others) and at sea (Directive 2013; Ryan et al. 2009; Mace
et al. 2012).

There are myriad ways in which people carry out clean-up activities, surveys and monitoring
programs around the world. To date, however, there has been no global consensus reached on a
single survey method, nor has there been a robust comparison of survey methods (other than a
recently completed project by CSIRO; see Hardesty et al. 2016). Hence, this is a significant knowledge
gap and is a topic considered in this emerging priorities project. Indeed, before 2018, a global
working group through the Group of Experts on Scientific Aspects of Marine Protection (GESAMP)
will have commenced to address this topic specifically. The working group specifically will be working
on harmonization of monitoring methods (beginning September 2017), and will include experts from
around the world.

Why has the standardization of methodologies proven so difficult? One of the fundamental
challenges of standardization comes back to the question(s) being asked. If someone asks a question
as seemingly straightforward as ‘How much debris do we find on the coast of New South Wales?’ we
might then ask do we mean how many pieces of litter? How much does it weigh? What is the volume
of that litter? What proportion of litter is made of what kind of material? How big an area are we
going to sample? How many people are collecting information, and how big an area are we
considering? What do we consider coastline? Is it only sandy beaches or are rocky slabs or other
coastal areas considered? What about mangroves? How far from the waterline do we sample? Do we
sample big items, small items, and how do we decide? How can we get an estimate if we can’t survey
every meter of the coastline?

As is apparent, what seems like a simple question quickly can become quite challenging. Is it fair to
compare the coastal litter in New South Wales to that of coastal South Australia (given how many
people live in each state, not to mention the length of coastline and infrastructure and resources in
each of the two states)? How do we account for the difference in the number of people in a state —is
that something we need to consider when we present our results? All these (and many other)
guestions come in to consideration as one considers design and implementation of monitoring
programs. If we want to ask if there has been a change in time, is it fair to compare count (or weight
or volume) differences between years, or do we need to account for the fact that more people live in
a survey region now than they did when an area was surveyed 10 years ago?

There are a number of goals or reasons for carrying out marine debris monitoring. Monitoring or
cleanups may take place to increase community engagement and raise awareness, to quantify the
amounts of debris, to predict hotspots, to identfy sources to reduce loss rates, to determine sinks or
debris accumulation areas, to identify interdiction points, to determine the cost effectiveness of litter
bins and signage; and many other reasons. Not all of these are mutually exclusive, some
methodogies can address a number of goals. To contextualize the topic and provide a framework for
considering how one might establish a monitoring program (or relevant components to consider), we
developed a structure to think about marine debris from survey design through to analysis and
interpretation (Figure 1). When we identify what we want to know, we can then determine how
and/or what we measure — and the appropriate approach or method to employ. If the goal is to have
a monitoring system in place which addresses particular questions, assesses changes through time
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(and is statistically robust and appropriate), there could be significant benefit in the development of
such a monitoring system at the national scale.

This project addresses many of these questions. Critically, and perhaps most importantly, we provide
a framework the conversation and a structure that laypeople, citizen scientists and policy makers
may want to consider as any group sets out to design and conduct surveys (see Figure 1 for details
and description of questions, types of data that may be collected, and appropriate analyses that can
be applied to address specific questions).

Australia is well-poised to take a leadership role as a key country in the Asia Pacific region. As
highlighted by Jambeck and colleagues (2015), many of the countries with significant waste
management that makes its way to the ocean, are within in the Asia Pacific region (Figure 2, below).
It is clear that regulations, economic and market based instruments and community-based solutions
all have a role to play (Vince and Hardesty 2016). By better understanding the types of litter and the
pathways through which it moves before it reaches the ocean, we will be better able to manage litter
before it reaches the ocean. The landscape is dynamic and changing rapidly in Australia, particularly
as policies such as bag bans, container deposit legislation (CDL) and other governance arrangements
are being considered at state and national levels. There is much to be learned about successes,
challenges, and opportunities to reduce land-based litter inputs to the ocean.
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Figure 1. Description of what questions might be asked of data (1, 2 in orange and purple), how or what is measured, with
how the data may be collected, described or arranged and what questions and analyses that can be conducted to address
particular questions of different types of data.

At one extreme, the data can be aggregated up into a total count of items across all categories or a total weight (Error!
Reference source not found.lower left). The advantage of this approach is that by using a single category of data, modelling
efforts can focus on the full complexity of space and time patterns, incorporating both driving variables, such as local
population size, and nuisance variables, such as sampling effort. At the other extreme, one might model the abundance of
items in each category, across the tens of categories that are recorded in various data collections. The challenge in taking
this approach is that models describing the abundances in each category may differ, leading to a very complex
interpretation of the data (lower right). Furthermore, categories may be positively or negatively correlated so the direction
of the link between items and abundance may be difficult to interpret. Intermediate tools such as richness curves or rank
order distributions, as typically used in fields like community ecology (Error! Reference source not found.central bottom) do
not seem to be particularly linked to useful questions in this context, though this is something we considered and explored.
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Figure 2. Waste estimates based on 2010 World Bank data for the top 20 countries ranked according to waste
mismanagement (by mass; in units of millions of metric tons per year).

Mismanaged waste is considered the sum of inadequately managed waste plus 2% littering and includes populations within
50 km of the coast in the 192 countries considered. Economic classification is UMI, upper middle income; LMI, lower middle
income; and LI low income). Figure adapted from Jambeck et al. 2015.

Econ. Coastal pop. Waste gen. % plastic % mismanaged
s Rauey classif. [millions] e waste waste
’ [kg/ppd]
1 China UMI 262.9 110 1 76
2 Indonesia LMI 1872 0.52 i) 83
3 Philippines LMI 83.4 05 15 83
- Vietnam LMI 55.9 0.79 13 88
5 Sri Lanka LMI 146 51 7 84
6 Thailand UMI 26.0 2 12 75
7 Egypt LMI 218 1:37 13 69
8 Malaysia UMI 229 152 13 57
9 Nigeria LMI 27k 0.79 13 83
10 Bangladesh LI 70.9 043 8 89
i South Africa  UMI 129 20 12 56
12 India LMI 1875 0.34 3 a7
13 Algeria UMI 16.6 152 12 €0
14 Turkey UMI 34.0 1.77 12 18
15 Pakistan LMI 146 0.79 13 88
16 Brazil UMI 747 1.03 16 11
17 Burma LI 150 044 17 89
18* Morocco LMI 173 1.46 B 68
19 North Korea LI 173 06 9 S0
20 United States  HIC 112.9 258 13 2

*If considered collectively, coastal European Union countries (23 total) would rank eighteenth on the list
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3. MAPS OF NATIONAL DEBRIS LAND-BASED, COASTAL, AND AT-SEA
FLOATING DEBRIS HOTSPOTS

Below, we present a series of hotspot maps at multiple scales. First, we present two watershed level
debris maps for the Sydney watershed, one based on observed data (Figure 3) and the other based
on predicted data from our watershed-scale modelling (Figure 4). We also present national hotspot
maps for land-based debris from Clean Up Australia data (Figures 5, 8); Keep Australia National and
Keep South Australia Beautiful data (Figure 6, 8); and CSIRO coastal debris surveys (Figures 7, 8). The
at-sea distribution of floating plastic litter based on CSIRO surveys is shown in Figure 9.

Figure 3. Litter and debris densities in the Sydney watershed region based on surveys conducted by Clean Up Australia, Keep
Australia Beautiful, and CSIRO 2007-2015). Data are shown on a log 10 scale with darker, larger circles depicting areas of
higher debris loads.
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Figure 4. Predicted debris loads (shown as counts of items per 1000m2) in the Sydney region, based on models using the
Keep Australia data from the region. Note that relatively lower counts of debris reach the ocean than are present in inland
areas directly west of Sydney

-:'.,:,7_8" " _‘h",: (/;
. s b afe Tl New South 2
'.'F-‘Zg s . Wales el

Narrabeen
=

2

Predicted Debris Load
{count per 1000m2)
0-25
25-50
50-75
75-100
100 - 125
«  125-150
e 150-175
e 175-200
Rivers
20 30 40

Kilometers

National Environmental Science Programme

‘\d Eigé;'i:r%rsity
u
L 4

Emerging Priorities Project - Marine Plastics — Preliminary Report Page 8



Figure 5. The relative debris density across Australia based on Clean Up Australia (2007-2016) data. Green indicates less
debris, with red indicating highest debris counts recorded.
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Figure 6. Relative debris density in Australia based on National Keep Australia Beautiful and Keep South Australia Beautiful

(2007-2015) data. Surveys were conducted along highways, in parks, on beaches and Green indicates less debris, with red
indicating highest debris counts recorded.
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Figure 7. Relative debris density on Australia’s coastline based on CSIRO national coastal debris survey data (2011-2016).
Surveys were carried out following a stratified random sampling approximately 100 km apart, with minimum of three
(maximum of six) transects per site. Green indicates less debris, with red indicating highest debris counts recorded.
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Figure 8. Map of debris hotspots based on all survey data from CSIRO, CUA and KAB. Note higher debris loads in urban cities
around Australia’s coastline. Survey methods are dissimilar among organizations, but this provides a general depiction of
relative debris loads based on data provided by all three groups. Data are reported as the log base 10 of the total amount of
debris per 1000m2. Figure taken from CSIRO APC report, 2016.
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Figure 9. Debris densities for at-sea floating plastics based on CSIRO conducted surveys on board CSIRO and AIMS research
vessels (2012-2016). Data are based on three approximately 15 minute trawls per ‘station’. Counts are reported in pieces
per square kilometre.

ogor e oot g
Legend
_Sea Surface . Cs (pieces km2)
1000 Plastic Concentrations o [
" ’X 1-1000
* + 4
Y ‘_ I ® 1000 - 5000
N @® 5000 - 10000
10000 - 20000
@ 20000 - 40000
@ 40000 - 80000
20°0°0"5= 20008
L ]
+*
[ ] L
+
L ]
LS
307005y =2000s
*
+*
e C
aoos—] = @ —
0 500 1,000 2,000 3,000 4,000
Kilometers
T T : ‘I T T
110"00°E 1200°0°E 130°00"E 1400'0'E 150°00°E 160°00E
National Environmental Science Progralmme S )
' Marine

N ) . . - ‘ d Biodiversity
Emerging Priorities Project - Marine Plastics — Preliminary Report Page 13 \ Hub
(=4



REFERENCES

Cheshire, A., & Adler, E. (2009). UNEP/IOC Guidelines on survey and monitoring of marine litter.

Derraik, J. G. (2002). The pollution of the marine environment by plastic debris: a review. Marine
pollution bulletin, 44(9), 842-852.

Directive, S. F. (2013). Guidance on monitoring of marine litter in European Seas.

Galgani, F., Fleet, D., van Franeker, J. A,, Katsanevakis, S., Maes, T., Mouat, J., ... & Amato, E. (2010).
Marine Strategy Framework directive-Task Group 10 Report marine litter do not cause harm to the
coastal and marine environment. Report on the identification of descriptors for the Good
Environmental Status of European Seas regarding marine litter under the Marine Strategy
Framework Directive. Office for Official Publications of the European Communities.

Gall, S. C., & Thompson, R. C. (2015). The impact of debris on marine life. Marine pollution bulletin,
92(1), 170-179.

Hardesty, B. D., Good, T. P., & Wilcox, C. (2015). Novel methods, new results and science-based
solutions to tackle marine debris impacts on wildlife. Ocean & Coastal Management, 115, 4-9.

Hardesty, B. D., & Wilcox, C. (2017). A risk framework for tackling marine debris. Analytical Methods,
9(9), 1429-1436.

Li, W. C., Tse, H. F., & Fok, L. (2016). Plastic waste in the marine environment: A review of sources,
occurrence and effects. Science of The Total Environment, 566, 333-349.

Lusher, A. L., Tirelli, V., O’Connor, I., & Officer, R. (2015). Microplastics in Arctic polar waters: the first
reported values of particles in surface and sub-surface samples. Scientific reports, 5.

Mace, T. H. (2012). At-sea detection of marine debris: overview of technologies, processes, issues,
and options. Marine pollution bulletin, 65(1), 23-27.

Obbard, R. W., Sadri, S., Wong, Y. Q., Khitun, A. A., Baker, I., & Thompson, R. C. (2014). Global
warming releases microplastic legacy frozen in Arctic Sea ice. Earth's Future, 2(6), 315-320.

Opfer, S., Arthur, C., & Lippiatt, S. (2012). NOAA marine debris shoreline survey field guide. US
National Oceanic and Atmospheric Administration Marine Debris Program.

Rees, G., & Pond, K. (1995). Marine litter monitoring programmes—a review of methods with special
reference to national surveys. Marine Pollution Bulletin, 30(2), 103-108.

Ribic, C. A., Dixon, T. R., & Vining, |. (1992). Marine debris survey manual (p. 92). US Department of
Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries Service.

Ryan, P. G., Moore, C. J., van Franeker, J. A., & Moloney, C. L. (2009). Monitoring the abundance of
plastic debris in the marine environment. Philosophical Transactions of the Royal Society of London B:
Biological Sciences, 364(1526), 1999-2012.

Vince, J. & Hardesty, B.D. (2016). Plastic pollution challenges in marine and coastal environments:
from local to global governance. Restoration Ecology.

Woodall, L. C., Sanchez-Vidal, A., Canals, M., Paterson, G. L., Coppock, R., Sleight, V., ... & Thompson,
R. C. (2014). The deep sea is a major sink for microplastic debris. Royal Society open science, 1(4),
140317.

National Environmental Science Programme

Emerging Priorities Project - Marine Plastics — Preliminary Report Page 14

fé thizﬂRr%rsity

Hub






A National Australian Government Australian Government

‘ ggyironmental s = Integrated Marine
g = N ience Geoscience Australia Observing System
Australian Government « Programme j’lW g Sy

¥ - “® mos

NN
AUSTRALIAN INSTITUTE
OF MARINE SCIENCE

Wik

&= CHARLES )
@ DARWIN UNIVERSITY of THE UNIVERSITY OF Nsw
“ UNIVERSITY TASMANIA WESTERN AUSTRALIA GOVERNMENT MUSEUMVICTORIA

www.nespmarine.edu.au

Contact:

Denise Hardesty
CSIRO

Castray Esplanade, Hobart TAS 7001
denise.hardesty@csiro.au | tel +61 3 6232 5276




	The Project
	1. Project Outputs
	2. An overview of sources and pathways for marine debris entering the marine environment, with a discussion of survey methodologies
	3. Maps of national debris land-based, coastal, and at-sea floating debris hotspots
	References

