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Glossary of terms

Aquatic systems and estuary types

Back dune lagoon: Lagoon behind coastal dunes, which is ground water fed.

Barrier river: River behind a barrier like a sand bar or barrier island.

Bay: Broad inlet of the sea.

Creek: Small stream or minor tributary.

Drowned river valley estuary: Estuary formed by rising sea levels flooding river valleys.
Estuary: Where the freshwater from the river meets the saltwater from the ocean.
Estuary type: Classification based on geomorphology and water flow.

Lagoon: Shallow body of water periodically separated from a larger sea.

Lake: Large receiving body, often separated from the ocean by a barrier like a sand
dune.

Degradation and breakdown processes

Biodegradation: Decomposition by microorganisms.

Fragmentation: General term for breaking plastics into smaller particles.
Hydrolysis: Breakdown by reaction with water.

Mechanical abrasion: Physical wear and tear causing material breakdown.

Mechanical fragmentation: Physical breakdown into smaller pieces (for example, by
abrasion).

Photodegradation: Breakdown of plastics by sunlight, especially UV radiation.
Thermal oxidation: Decomposition due to heat and oxygen.

UV radiation degradation: Breakdown of plastic materials under UV light.

Environmental impacts

Altered nutrient cycling: Disruption of the natural movement of nutrients.
Benthic communities: Organisms living on or near the seabed.
Bioaccumulation: Build-up of substances in an organism over time.

Biomagnification: The process where the concentration of a substance, often a toxin or
pollutant, increases as it moves up the food chain from one trophic level to the next.

Carbon sequestration: Capture and storage of atmospheric carbon.

Essential ecosystem services: Natural processes benefiting humans, such as clean
water or pollination.



Food webs: Interconnected food chains in an ecosystem.

Nutrient cycling: Transfer and transformation of nutrients through ecosystems.
Reduced nutrient absorption: Impaired ability to uptake essential nutrients.
Trophic levels: Hierarchical levels in a food web, based on feeding position.

Trophic transfer: Movement of substances through the food chain.

Environmental terms

Anthropogenic pressures: Human-caused environmental stresses.

Baseline: Initial data used as a reference point.

Baseline dataset: Original data against which future comparisons are made.
Benchmarks: Standards or points of reference.

Concentration: Amount of a substance in a given volume.

Heterogeneity: Diversity or variety within a dataset or environment.

Intra-site variability: Variation within a single sampling location.

Liquid trade waste: Industrial or commercial liquid waste discharged into sewers.
Nutrient absorption: Uptake of nutrients by organisms.

Nutrient load: Amount of nutrients (for example, nitrogen, phosphorus) entering an
ecosystem.

Pollution hotspots: Areas with high concentrations of pollution.

Typologies: Classification systems based on characteristics.

Genetic impacts

Altered gene expression: Changes in how genes are activated or silenced.

DNA damage from exposure to pollutant: Structural harm to DNA molecules.
Epigenetic modifications: Reversible changes in gene activity without altering DNA.

Genetic and epigenetic effects: Changes in gene function caused by pollutants.

Geographical and regional terms

Northern Rivers: encompassing the waters from the Tweed River in the north to Wooli
River in the south.

North Coast: encompassing the waters from Station Creek in the north to Camden
Haven in the south.

Mid North Coast: encompassing the waters from Manning River in the north to Karuah
River in the south.

Hunter-Central Coast: encompassing the waters from Tilligerry Creek in the north to
Brisbane Waters in the south.
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Hawkesbury-Sydney: encompassing the waters from Hawkesbury River in the north to
Wattamolla Creek in the south.

Illawarra-Shoalhaven: encompassing the waters from Towradgi Creek in the north to
Burrill Lake in the south.

Eurobodalla: encompassing the waters from Durras Lake in the north to Tilba Tilba Lake
in the south.

Bega: encompassing the waters from Wallaga Lake in the north to Nadgee Lake in the
south.

NSW: New South Wales, a state in Australia.

NSW marine estate: Coastal and marine waters under NSW jurisdiction.

Measurement and statistics

Centimetres (cm): Metric unit of length.

Density: Mass per unit volume (g/cm3).

Extreme values: Extremely high or low values in a dataset.

Grams: Basic unit of mass in the metric system.

Mean: Arithmetic average.

Median: Middle value in a sorted dataset.

Outliers: Values significantly different from the rest of the dataset.

Standard deviation: Statistical measure of variability.

Units of water density: Typically measured in grams per cubic centimetre (g/cm?3).

Variability: The extent to which data values differ.

Microplastic types

Primary microplastics: Intentionally manufactured small plastics (e.g., microbeads,
nurdles).

Secondary microplastics: Result from breakdown of larger plastic debris.
Monitoring, sampling and equipment
300 pm mesh: Netting with holes 300 micrometres wide, used to capture microplastics.

Broadscale microplastic assessment (BMA): Large-scale monitoring program of
microplastic contamination.

Codend: The collection container at the end of a sampling net.
Flow meter: Device measuring the volume of water passing through the net.

Manta net: Surface-trawling net used to collect microplastics from water.
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Marine debris threat and risk assessment (MDTARA): The systematic evaluation of
potential threats from, and risks posed by, marine debris to environmental assets and
social values (particularly in its regional implementation New South Wales).

MP/m3: Number of microplastics per cubic metre of water.
Nile Red: Fluorescent dye used to identify plastic particles under UV light.

Sentinel sites: Specific locations where long-term monitoring and research are
conducted to understand ecosystem changes and provide early warnings about
environmental threats.

Sodium chloride (NaCl): Commonly known as salt, is an ionic compound composed of
sodium and chloride ions. Used in density separation of microplastics.

Threat and Risk Assessment (TARA): The systematic evaluation of potential threats and

the associated risks they pose, in terms of their likelihood of occurrence and potential
consequences.

Hm: Micrometre; one-millionth of a metre.

Plastics and microplastics

Artificial turf: Synthetic grass often made from plastic fibres.
Covalent bonds: Strong chemical bonds formed when atoms share electrons.
Foam: Light, airy plastic material such as polystyrene foam.

Microplastic morphology: The shape and form of microplastic particles, such as
fragments, fibres, films and pellets.

Monomers: Small molecules that can join to form polymers.

Natural plastics: Polymers derived from natural sources like plants or animals (e.g.,
rubber, shellac, cellulose).

Plastic fibres: Thread-like plastic strands, often from textiles.

Plastic film: Thin, flexible plastic in sheets or pieces.

Plastic fragments: Broken pieces of larger plastic items.

Plastic pellets (nurdles): Small, raw plastic beads used in manufacturing.

Plastic type: The classification of plastic based on polymer composition (e.g., PET,
HDPE).

Polymerisation of monomers: Chemical process where monomers bond to form
polymers.

Semi-synthetic plastics: Modified natural polymers, such as cellulose acetate.

Synthetic plastics: Man-made polymers created through chemical processes, for
example, polyethylene, PVC.

Synthetic polymers: Large molecules made from repeating units (monomers)
synthesised chemically.
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Abbreviations and definitions

Abbreviation Full form

Definition

AIMS

BMA

CSIRO

DCCEEW

DNA

EPA

FTIR

GIMP

GPS

GPT

HDPE

ICOLL

IMOS

KOH

LDPE

MEMS

Australian Institute of Marine
Science

Broadscale microplastic
assessment

Commonwealth Scientific and
Industrial Research Organisation

Department of Climate Change,
Energy, the Environment and
Water

Deoxyribonucleic acid
Environment Protection Authority
Fourier Transform Infrared
Spectroscopy

GNU Image Manipulation Program
Global Positioning System

Gross Pollutant Trap
High-density polyethylene
Intermittently Closed and Open

Lakes and Lagoons

Integrated Marine Observing
System

Potassium hydroxide

Low-density polyethylene

NSW Marine Estate Management
Strategy

Research agency focused on marine
ecosystems

Survey of microplastic concentrations in
coastal surface waters

Australia's national science agency

NSW government department
responsible for climate and
environmental policy

Genetic material found in living
organisms

New South Wales's independent
environmental regulator

An analytical technique used to identify
plastic polymer types

Free software for photo editing and
graphic design

Satellite navigation system for
determining location

A device used to capture large litter and
debris in stormwater systems

Durable plastic used in containers and
piping

Coastal lagoons alternate between open
and closed states

Australian national ocean monitoring
system

A strong base used in sample digestion
and cleaning

Flexible plastic used in bags and film
wraps

The NSW MEMS 2018 - 2028 outlines
how to protect and enhance our
waterways, coastline, and estuaries over
the next 10 years
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Definition

Abbreviation Full form

MP

NR
NSW
OEH

PET

PP

PS

PVC

QGIS

SD

uv

WWCS

Microplastic

Nile Red
New South Wales

Office of Environment and
Heritage

Polyethylene terephthalate
Polypropylene

Polystyrene

Polyvinyl chloride

Quantum Geographic Information
System

Standard deviation

Ultraviolet

Water, Wetlands, and Coastal
Science

Small plastic particles less than 5 mm in
size

Fluorescent dye
A state on the east coast of Australia

The former NSW agency for environment
and heritage management

A common plastic used in drink bottles
and containers

A plastic used in packaging, textiles, and
automotive parts

Lightweight plastic used in foam
products and containers

Versatile plastic used in construction and
plumbing

Open-source GIS software for spatial
data analysis

Statistical measure of data spread or
variability

Type of electromagnetic radiation from
the sun

Team within the department
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Summary

The Broadscale microplastic assessment, is the first large-scale study of its kind in
Australia, systematically evaluating microplastic contamination across 120 coastal
waterways in New South Wales. Commissioned by the NSW Environment Protection
Authority (NSW EPA) under the NSW Government’s Waste and Sustainable Materials
Strategy, this initiative was designed in response to the NSW Marine debris threat and
risk assessment (MDTARA).

The MDTARA identified microplastics (plastic particles smaller than 5 mm in size) as a
priority threat to the NSW marine estate, with significant knowledge gaps identified
including a lack of microplastic distribution and abundance data. This has led to an
inability to spatially assess microplastic contamination and associated threat in a similar
manner to that undertaken for other priority threats.

Acknowledging knowledge gaps and the growing threat that microplastics have on
aquatic environments, in particular critical ecosystems like estuaries, the Broadscale
microplastic assessment of NSW estuaries was initiated and undertaken by the
department. This study had 4 core objectives:

1. to establish a statewide baseline of microplastic concentrations in 120 NSW coastal
waterways

2. todevelop a grading system for microplastic contamination that allows comparative
assessment across waterways

3. to produce a spatial heat map to identify microplastic contamination hotspots

4. to characterise dominant microplastic types to inform targeted management.

Between 2021 and 2024 surface water samples were collected during summer months
using manta net tows. Microplastics sized 0.25 to 5 mm were extracted, stained with
Nile Red, photographed, and counted via automated image analysis. Larger particles
(>2 mm) were visually classified by morphology into 5 categories: fragments, foam, film,
artificial turf and pellets.

The results revealed widespread microplastic contamination in NSW coastal waterways,
with all 120 waterways containing detectable levels of microplastic. Across all
waterways, mean concentrations ranged from 0.02 to 34.80 microplastics per cubic
metre (MP/m3), with a median of 0.38 MP/m?.

A percentile-based grading system (Grades A-E) was applied to classify microplastic
contamination. Most waterways received a moderate contamination grade (C), while 23
of the 120 waterways surveyed exceeded 1.3 MP/m?3 and were categorised as Grade E
(very high microplastic contamination). This 1.3 MP/m® measurement is equivalent to an
Olympic swimming pool (~2,500 m?3) containing approximately 3,250 microplastics.
These highly contaminated sites were primarily in densely urbanised areas, reinforcing
the relationship between land-use intensity, population density and microplastic
contamination.
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Urbanised waterways in the Hawkesbury-Sydney region, exhibited the highest levels of
microplastics contamination. This was notable in Cooks River (mean = 19.89 MP/m?3), Dee
Why Lagoon (mean = 22.45 MP/m?3), and Duck River (mean = 34.80 MP/m?). These mean
microplastic concentrations are concerning when placed in an international context, as
urbanised waterways around the world have often reported far lower mean microplastic
concentrations. For example, studies undertaken in the River Seine in Paris found mean
concentrations of between 0.28-0.47 MP/m3, and those undertaken in Tampa Bay in
Florida and the Yangtze River estuary in China found concentrations of 4.5 MP/m® and
1.01 MP/m& respectively.

In contrast, less disturbed areas in New South Wales such as Myall Lake and Nadgee
Lake recorded much lower concentrations (0.02 MP/m? and 0.08 MP/m?3, respectively),
aligning with levels observed in offshore Australian waters (0.02-0.13 MP/m3).

Microplastic abundance was inversely related to size when considering the 31,966
particles counted (0.25-5 mm) in the Broadscale microplastic assessment of NSW
estuaries. Smaller sized particles (>0.25 - <1 mm) were the most abundant, accounting
for 68% of all particles. Medium sized particles (1 - <2 mm) accounted for 18%, and
large particles (2 - <5 mm) accounted for 14% of all particles.

Among larger particles, foam and hard fragments were most abundant (37% each),
followed by film (19%), artificial turf (5%), and pellets (2%). Foam, artificial turf
fragments and pellets were considered priority items due to their traceable sources.

These microplastics collectively accounted for 44% of all characterised particles and
offer a practical target for future intervention. Pellets used in industrial plastic
manufacturing were detected in 9% of surveyed waterways. Artificial turf fragments,
primarily originating from synthetic playing fields, were present in 17% of surveyed
waterways.

Several waterways with consistently high microplastic contamination are considered
priority waterways for microplastic management including Cooks River, Parramatta
River and its tributaries, Dee Why Lagoon and Manly Lagoon. These systems require
further investigation and targeted mitigation strategies to help reduce microplastic
loads.

Despite its significance, this study had several limitations, including seasonal sampling
bias, limited replication, a focus on surface waters and the exclusion of particles

<0.25 mm. These limitations have led to an underestimation of the total contamination
and bioavailability of microplastics in coastal estuaries.

Future monitoring should be expanded to include seasonal variation, sediment and
subsurface sampling, smaller particle size classes, and chemical composition analyses.

Overall, this assessment has provided a scientifically rigorous foundation for statewide
monitoring and management of microplastic contamination. It highlights the need for a
long-term monitoring program, expanded ecosystem risk assessment and targeted
policy interventions, particularly in high-risk urban catchments.
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By establishing a benchmark for microplastic contamination, the Broadscale microplastic
assessment of NSW estuaries strengthens the ability of the NSW Government to track
trends, evaluate management efficacy and inform regulatory and planning decisions.

As estuarine systems face increasing pressures from urbanisation, population growth
and climate change, sustained investment in monitoring and intervention will be critical
to protecting the ecological health and resilience of NSW waterways.
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1. Project background

1.1  Project overview

Microplastics (plastic particles less than (<) 5 mm in size), are an emerging contaminant
of concern and have been identified as a significant threat to the New South Wales
(NSW) marine estate (NSW Department of Planning and Environment, 2022). In 2022,
the NSW Marine debris threat and risk assessment (MDTARA) identified microplastics as
the highest-priority marine debris threat item with significant threats to both
environmental assets and social values (NSW Department of Planning and Environment,
2022).

While microplastics were identified as a high threat item, the MDTARA also identified
the critical challenge associated with the lack of distribution and abundance data within
the NSW marine estate. This results in an inability to spatially assess microplastic
concentration and associated risk in a similar way to that undertaken for other priority
threats (NSW Department of Planning and Environment, 2022).

Establishing robust distribution and abundance datasets is essential for assessing
spatial risks, informing management decisions and prioritising mitigation efforts to
effectively reduce the threat of microplastic contamination in the NSW marine estate
(NSW Department of Planning and Environment, 2022). Addressing these knowledge
gaps is important for the development of evidence-based mitigation strategies.

The NSW Environment Protection Authority (EPA) plays a key role in regulating and
managing waste across the state, delivering initiatives under the NSW Waste and
Sustainable Materials Strategy. This $356 million strategy includes policy reforms, such
as the phase out of problematic single-use plastics, and allocates $38 million towards
litter prevention programs.

Waterway protection is a key area of focus given their well-established role as a ‘sink’
for environmental litter. The NSW Government has also committed funding to plastics
research through the NSW Plastics Action Plan, with one of the objectives aiming to
enhance our understanding of microplastic pollution and guide future management
actions.

As part of the NSW EPA’s commitment to reducing waste impacts and supporting a
circular economy, measures are currently being implemented to improve water quality
and reduce pollution in waterways. These initiatives seek to protect public health,
safeguard aquatic ecosystems and ensure the long-term sustainability of New South
Wales’s water resources while supporting economic resilience. Effective pollution
management requires targeted interventions based on scientifically rigorous and
comprehensive data.

To achieve this, the NSW EPA funded the Broadscale microplastic assessment of NSW
estuaries to address existing knowledge gaps and guide strategic management actions.
This initiative aims to achieve 4 key objectives.
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Objectives

1. Establish a baseline dataset for microplastic concentrations across the NSW
marine estate.

2. Develop microplastic contamination grades to facilitate comparative
assessments.

3. Create a spatial heat map to identify microplastic contamination hotspots.

4. Characterise microplastic polymer types to inform prioritisation of
management interventions.

This Broadscale microplastic assessment of NSW estuaries focused on the collection and
analysis of microplastic samples taken from across 120 coastal waterways. It aimed to
generate robust datasets required to evaluate contamination levels, identify pollution
hotspots and assess the spatial distribution of microplastic contamination.

The outcomes of this study will inform current initiatives led by the NSW EPA,
supporting the protection of marine ecosystems and contributing to the objectives of
the NSW Waste and Sustainable Materials Strategy and the NSW Plastics Action Plan.

By achieving these goals, the Broadscale microplastic assessment of NSW estuaries will
help deliver valuable scientific evidence on the extent of microplastic contamination in
New South Wales, strengthen the foundation for evidence-based decision-making and
support targeted interventions to reduce the environmental impacts of microplastics in
NSW waterways.

1.2 Plastic pollution
1.2.1 Introduction to plastic pollution

Plastic pollution is widely recognised as one of the most pressing environmental
challenges of the 21st century (Horton, 2022) (see Photograph 1 as an example of
plastic pollution).

Projections suggest that by 2050, plastic waste in the ocean may surpass the biomass
of fish, highlighting the severity of the issue (World Economic Forum, 2016). Despite
growing awareness of the impacts of plastic pollution, global plastic production
continues to increase, with the petrochemical industry expected to triple plastic
production by mid-century. This escalation is projected to account for 15% of the total
global carbon budget by 2050 (World Economic Forum, 2016).
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Photograph 1 Plastic pollution at Plane Spotting Beach, Botany Bay, NSW. Samantha
Lynch/DCCEEW

1.2.2 Composition and classification of plastics

Plastics are synthetic or semi-synthetic polymers produced through the polymerisation
of monomers derived from natural resources like petrochemicals or increasingly from
renewable sources such as corn starch or sugarcane sources and often combined with
various chemical additives (Kumari et al., 2023).

Plastic monomers are typically composed of carbon and hydrogen and sometimes
include additional elements such as oxygen, nitrogen, or halogens in various functional
groups. Plastic monomers combine via covalent bonds to form long-chain polymers. The
resulting polymer structure determines the material’s physical and chemical properties.

Common monomers used in plastic manufacturing include ethylene and propylene,
which contribute to the lightweight and versatile properties of plastic materials (Hassan
et al,, 2022).

Plastics play a vital role in various industries including health care, technology,
construction and textiles, due to their advantageous properties such as low cost,
durability, high strength, corrosion resistance and thermal insulation (Andrady and Neal,
2009).

Plastics have also replaced materials sourced from endangered wildlife such as ivory,
tortoiseshell and fur (in textiles), reducing the demand for these natural materials
(Horton, 2022).

Plastics can be classified based on multiple factors, including their origin, molecular
structure, polymerisation mechanism and thermal behaviour.
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Classification by origin divides plastics into 3 categories (Pilapitiya and Ratnayake,

2024):

9 Natural plastics, derived from biological sources such as lignin, chitin and starch.

M Semi-synthetic plastics, which are chemically modified natural polymers such as
cotton and polyester mixtures (Kroon et al., 2018).

9 Synthetic plastics, produced from petrochemicals including polyethylene and
polystyrene (Khan and Majeed, 2019; Napper and Thompson, 2020).

This study focuses on synthetic plastics in surface waters. Examples of synthetic plastic
categories, characteristics and their use are outlined in Table 1.

Table 1 A list of the most common plastic types, their abbreviations, and densities

Plastic type

Polyethylene
terephthalate

High-density
polyethylene

Low-density
polyethylene

Polyvinyl chloride

Polypropylene

Polystyrene

Other
Polycarbonate

Nylon (Polyamide)
Teflon

Abbreviation

PET

HDPE

LDPE

PvC

PP

PS

PC
PA
PTFE

Density (g/cm?) *

1.37-1.45

0.94-0.97

0.91-0.94

110 -1.40

0.86 - 0.92

0.96 - 1.05

1.20 - 2.30

Drink packaging,
clothing

Grocery bags, milk
jugs, recycling bins,
agricultural pipes

Plastic film, plastic
bags, six-ring packs,
dispensing bottles,
snack and
confectionary
packaging, bread
bags

Building and
construction

Bottle caps, straws,
plastic food
containers, textiles

Beverage cups,
insulation, packing
materials

Phones, sunglasses,
safety goggles, cable
ties, cookware
coatings

*Density of surface ocean water is 1.03 g/cm
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1.2.3 Pathways of plastic pollution into aquatic environments

Despite the existence of recycling systems, most plastic waste is sent to landfill or is,
incinerated. Plastic waste also escapes formal waste management systems entirely.
The World Economic Forum’s ‘New Plastics Economy’ report estimated that
approximately 32% of all plastic packaging escapes collection systems and leaks into
the environment (World Economic Forum, 2016).

This ‘leakage’ occurs through pathways such as littering, stormwater runoff, illegal
dumping, landfill overflow and wind dispersal. Plastics lost in urban areas are
particularly prone to entering waterways via drains, creeks and stormwater
infrastructure (Ahmad et al., 2025).

1.2.4 Environmental persistence and degradation of plastics

Plastic waste is an increasingly pervasive environmental issue, and plastic debris is
found across all ecosystems from urban landscapes and beaches to remote islands and
deep-sea environments (Bucci et al., 2020). The persistence of plastics in the
environment is attributed to their chemical stability, high molecular weight, complex
three-dimensional structures and resistance to biodegradation (Cai et al., 2023).

Despite their long-term stability, plastics undergo various degradation processes when
exposed to environmental conditions. These processes include photodegradation,
thermal oxidation, hydrolysis, biodegradation and mechanical fragmentation.

Plastic degradation contributes to the formation of smaller plastic particles over time
(Oh and Stache, 2024). Despite degradation the ubiquity of plastics remains evident
across diverse ecosystems including deserts, agricultural fields, mountaintops and
marine environments (see Photograph 2) (Cdzar et al., 2014; Li et al., 2025).
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Photograph 2 Microplastics found on the dune face of Blossoms Beach, Western Australia.
Samantha Lynch/DCCEEW
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1.2.5 Classification of plastic pollution by size

Plastics found in the environment can be categorised into 4 primary classes based on
particle size (Table 2) (Gigault et al., 2018; Wootton et al., 2025).

Table 2 Classification of plastic by particle size

Plastic Pollution Classification

Macroplastics >25 mm
Mesoplastics =25 mm to 25 mm
Microplastics 21em to <5 mm
Nanoplastics <lem
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