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Abstract

Moreton Bay is affected by a wide range of persistent pollutants, including the following four
broad groups: (i) persistent organic pollutants (POPs); (ii) trace elements (e.g. metals,
metalloids and non-metals); (iii) perfluoroalkyl substances (PFAAs); and (iv) plastic-based
marine debris. The pollutants discussed in this paper come from diverse chemical groups, and
are similar in that they are persistent in the environment and impact the health of animals and/or
humans. While most of these pollutants are banned and/or actively monitored by health
organisations on a global scale, (e.g. PCBs and DDT) many are still entering our waterways
daily (e.g. marine debris). We discuss how dioxins have impacted on the health, lifestyle, and
culture of the region’s Traditional Custodians. Case studies are presented, highlighting the
impacts of the four pollutant groups on marine megafauna found in Moreton Bay including sea
turtles, seabirds, and stingrays. In all cases, the authors recommend increased monitoring and
the development of new strategies to reduce the four pollutant groups entering Moreton Bay.
Keywords: marine rubbish, polymer, PCB, DDT, PFAA, heavy metals, human impact

In: Tibbetts IR, Rothlisberg PC, Neil DT, Homburg TA, Brewer DT, Arthington AH. (Eds). 2019. Moreton Bay Quandamooka &
Catchment: Past, present and future. The Moreton Bay Foundation. Brisbane, Australia. pp. 227 - 244 https://moretonbayfoundation.org
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Introduction

The term marine pollution brings to mind many different images ranging from beaches covered
in oil through to waterways filled with plastic bags. While the authors acknowledge that there
are many types of pollution, including pharmaceuticals, petrochemicals, nutrients and
sedimentation, this paper focuses on four persistent pollutant groups currently impacting
Moreton Bay (Quandamooka): persistent organic pollutants (POPs), trace elements,
perfluoroalkyl substances (PFAAs) and marine debris.
Moreton Bay (Quandamooka) is situated off the coast of one of the largest cities in Australia,
Brisbane. Colonised in 1824 as a penal colony (1) and with a current population of over one
million (2), managing man-made waste has long been a challenge. Prior to European
colonisation, pollution was primarily organic-based, including items such as food scraps,
stormwater, human and animal waste. However, the pollutants being introduced to Moreton
Bay changed as Brisbane grew as a city. For example, pharmaceuticals, sediment and nutrient
inputs have all increased as the population has grown. The four persistent pollutant groups
reviewed in this paper have one thing in common—they are all highly resistant to
degradation/decay processes. As such, all of these compounds bioaccumulate in aquatic
organisms and many can biomagnify up the food chain, further exacerbating their long-term
environmental impact. We review how they have changed over time and discuss how POPs
have impacted on the health, lifestyle, and culture of the region’s Traditional Custodians. We
present case studies highlighting the impacts of these key pollutants on marine megafauna
including sea turtles, seabirds and stingrays found in Moreton Bay. We discuss the role that
government agencies, non-government organisations and volunteer organisations have in
monitoring and cataloguing marine pollution within the region. Although progress has been
made in reducing marine pollution there are still many challenges to address. The paper
concludes by suggesting strategies for improving pollutant management in Moreton Bay.

Persistent organic pollutants

Persistent organic pollutants (POPs) are hazardous to humans and wildlife and encompass a
wide variety of chemicals with various structures and applications (3). The most toxic POPs
are subject to the Stockholm Convention, which aims to reduce or eliminate the release of these
pollutants on an international scale (4). They include chemicals that are now banned or
restricted (e.g. PCBs, DDT), some that are released unintentionally (e.g. dioxins), and emerging
new compounds that are still being used (e.g. chlorinated paraffins). These chemicals are highly
lipophilic and persistent, so even banned POPs are still present in the environment and can be
stored in soil, sediments and biota for decades to centuries (5). From these environmental
sources, the chemicals can bioaccumulate to elevated levels, particularly in fatty tissues, and
can biomagnify through the food chain, which explains why higher trophic organisms typically
contain the highest levels of POPs (3, 6). Studies have shown that even low-level chronic
exposure can lead to a wide range of adverse effects including cancer, reproductive and
developmental effects, disruption to the immune system and damage to the nervous system for
both humans (7) and marine species (6, 8, 9).
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Several studies have investigated the sources, transport and levels of POPs in the Moreton Bay
region (e.g. 10–13). Based on initial findings, dioxins (a chemical subset of POPs) were the
focus of further investigations due to their ubiquitous and elevated levels in soils, sediments,
seafood and other marine wildlife. In addition, PCBs and DDTs were found to be elevated in
localised hotspots, especially in western Bay areas and in species frequenting these waters such
as the humpback dolphin, Sousa sahulensis (Fig. 1) (14).

Figure 1. Toxicity endpoints in humpback dolphins (Sousa sahulensis)
(n=6, individuals marked by ●) with respect to ∑ PCB exposure (A) and ∑
DDX exposure (B). All endpoints are based on concentrations in blubber:
I – Epizootic, diseased striped dolphins (85) (PCBs not specified) II –
Premature pupping in California sea lions (86) (based on sum of p,p’isomers in (B), PCBs not specified for (A)) III – Pathological changes in
the uterus leading to low reproduction rate in ringed seals (87) (DDXs or
PCBs not specified) IV – Harbour porpoises that died because of infectious
diseases (88) (sum of 25 PCBs) V – Immunotoxicity in harbour seals (89)
(based on p,p’-DDT in (B), PCBs not specified for (A)). Figure sourced
from (14).

Case study 1: POPs and the Quandamooka people
Approximately 90% of the total exposure of humans to POPs occurs through intake of
contaminated food, particularly lipid-rich products, including seafood. As a signatory to the
Stockholm Convention, Australia funded a four-year National Dioxins Program in 2001 to
increase knowledge of levels in the environment and determine the risk posed to the health of
the population. As part of this assessment, toxic equivalent (or TEQ) levels in a number of
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retail products (including seafood) were analysed and human consumption levels were
estimated from national surveys. The study reported that the TEQ levels of POPs in Moreton
Bay seafood were 9 times higher in wild caught Australian marine/estuarine fish and 25 fold
higher in retail fish compared to background levels measured for the National Dioxins Program
(12). However, the TEQ levels of most seafood analysed were below the European Union (EU)
guideline limits (11). The study concluded that the levels were found to be comparable to those
measured in other urban areas, which similarly received historical discharges of agricultural,
municipal and industrial wastewater. The conclusion from the program was that the risk to the
general Australian population from dioxins was low (15).
However, the National Dioxins Program did not take into account population groups who may
consume more self-caught seafood compared to the general population. Unique subsistence
patterns of coastal and Indigenous populations may place them at greater risk of exposure to
dioxins due to reliance on contaminated food sources (16, 17). The Quandamooka people of
Moreton Bay have cared for the local environment for thousands of years (18). Their cultural
practices ensured a sustainable abundant supply of seafood and other resources. Like other
Indigenous communities, Quandamooka people would utilise most aspects of the catch,
including lipid-rich organs such as roe and testes (melts). Dugong (Dugong dugon) was hunted
for both its flesh and oil. Hunting practices played an important role in social cohesion as every
part would be shared amongst families (18). Fishing and traditional hunting are an important
affirmation of cultural identity and continue to be an essential aspect of Quandamooka life.
These food sources have also been assumed to be a healthy and affordable dietary source.
Given the higher contamination levels in Moreton Bay seafood compared to retail food and the
subsistence patterns of local communities, a health risk assessment was conducted for the
Quandamooka and broader North Stradbroke Island community (19). Surveys showed this
community consumed on average two to six times more seafood than the general Australian
population. Depending on the level of seafood consumption, the exposure assessment found
that the average monthly dioxin intake for the community ranged between 34 to 107 picogram
TEQ/kg body weight/month—an order of magnitude higher than that estimated for the general
population. Between 11 and 44% of the community may be exceeding the WHO safe intake
guideline (70 picogram TEQ/kg body weight/month) at chronic exposure levels.
A delicate balance is required between educating the Quandamooka community about risks
from consuming seafood compared to the nutritional and economic benefits, as well as the
cultural benefits of maintaining consumption levels. Risk management strategies have been
suggested that can effectively reduce contaminant intake, while having a low impact on
beneficial aspects of seafood consumption (19). Some strategies include removing skin (and
associated fat layers) from fish before cooking and eating more of the leaner fish species, such
as snapper, whiting and flathead. The current study showed that local seafood consumption in
coastal communities can result in high exposure to dioxins. It highlights the importance of
considering local economic, cultural, and environmental conditions and information on
contaminant fate processes when conducting human exposure evaluations.
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Trace elements

Trace elements enter the marine environment in several ways including, weathering and
erosion of rocks, atmospheric deposition and through industrial and domestic activities in the
water and adjacent catchments. Trace elements can bind to both mineral particles and organic
matter in the water column and settle out to accumulate in the sediment (20). When disturbed,
or if water quality is altered, sediment-bound trace elements can be liberated and become
bioavailable (21). Rainfall and flooding events can result in short-term enrichment and
bioavailability (22, 23). Excessive accumulation of trace elements, even those essential for life,
can be toxic to marine flora and fauna (24, 25).
Trace elements have been well documented in the waters (22, 26), sediments (27–29), flora
(30) and fauna (14, 31, 32) of Moreton Bay. They are generally highest in the western Bay (31,
32), and are closely linked to point sources such as shipping/boating (22, 28) and refuse tips
(33), as well as more generally to catchment land use (26, 27, 29). Sediment coring within the
Bay shows an increasing concentration trend since the 1920s, likely due to industrial,
agricultural and urban development in the adjacent catchments (34). Recently reported
concentrations of several trace elements in western Bay surface sediments exceeded
background reference ranges with arsenic (As), cadmium (Cd), cobalt (Co), copper (Cu), nickel
(Ni), lead (Pb), and zinc (Zn) posing a medium to high risk to benthic biota (27).
Water quality guidelines, values and objectives for managing trace elements in Moreton Bay
are outlined by the Queensland Government (35). However, these guideline levels are not
consistent across the Bay, with some regions considered to be of ‘high ecological value’
(HEV), receiving 99% protection values in the ANZECC, while others, such as the western
part of the Bay, are considered to be so impacted that they are no longer considered to be of
HEV, and will only then be protected under the 95% guideline value (35, 36). It is important
that researchers communicate with managers to regularly review the levels of protection and
their trigger values to determine if they are adequate for protecting the Bay and its marine
inhabitants.
Case study 2: Trace elements and sea turtles
Sea turtles are exposed to trace elements when they consume contaminated food sources such
as seagrass, macroalgae, benthic crustaceans, soft sponges/corals and jellyfish, as well as when
they incidentally ingest contaminated sediments during benthic feeding. Various trace elements
were identified within tissues of stranded Moreton Bay sea turtles (Chelonia mydas, Caretta
caretta, Eretmochelys imbricata, and Lepidochelys olivacea from 1990–91) at lower
concentrations relative to other reported populations outside of the Bay, with the exception of
cadmium (37). A subsequent investigation of stranded Moreton Bay green sea turtles (C.
mydas) from 2006–07 described much higher cadmium and arsenic tissue concentrations than
previously reported, causing the authors to raise concerns about the impact of these increases
(38).
Interpreting the consequences of elevated trace element concentrations in sea turtles is difficult
in the absence of any baseline data that tell us what a healthy population, subject to minimal
anthropogenic disturbance, should look like. Until recently, the only comparable trace element
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data for sea turtles came from stranded or free-ranging animals from other urban and
industrially impacted regions of the world (39–41). Now, trace element baselines (for 20
elements) have been developed for green turtle blood using what is considered to be a healthy
population from the Great Barrier Reef, a region that has historically been free from high levels
of industrialisation (42). These baselines can be used to evaluate and monitor trace element
trends in free-ranging green turtles, those in rehabilitation, or during mass stranding
investigations. They also allow us to retrospectively evaluate trace element exposure from
previously reported blood concentrations.
For example, by comparing the trace element concentrations reported in stranded green sea
turtles (C. mydas) collected from Moreton Bay between 2006 and 2007 (38) to the recently
developed baselines (42), the study showed that van de Merwe et al.’s concerns regarding high
arsenic and cadmium were valid, being 10x and 4x the upper baseline limits, respectively. In
addition, we also discovered that copper and particularly selenium were also elevated (1.4x and
6x, respectively) (Fig. 2). Due to a lack of relevant toxicological information for sea turtles
(43), the overall health risks posed
by elevated trace elements cannot
be
accurately
predicted,
particularly
considering
the
complex mixtures of trace
elements and other chemicals that
sea turtles are exposed to in
Moreton Bay (see also Case study
1).
Trace element biomonitoring of
populations of sea turtles and other
marine megafauna that forage
within Moreton Bay is important
given the complex mixture of
chemicals that the animals are
exposed to and the dynamic
physical and chemical fluctuations
that occur. Additional baseline
data, similar to those recently
established for green turtles (42) is
also required for other species, in
order
to
better
interpret
biomonitoring data from freeranging populations or as part of
investigations into mass stranding.
Figure 2. Blood concentrations (µg/L ww ± standard error Finally, as recommended for POPs
about the mean) for stranded 2006–2007 Moreton Bay green
above,
species-specific
sea turtles (38). Shaded region indicates blood reference
information on the toxic effects of
interval (normal range) specific to green turtles (42).
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trace element exposure in sea turtles and other species must be investigated to assess the
impacts of trace elements accumulating in the Bay. Managers could then use this information
when developing ecosystem indicators and local water quality guidelines.

Perfluoroalkyl substances

Perfluoroalkyl sulfonic acids (PFSAs) and perfluoroalkyl carboxylic acids (PFCAs) are an
anthropogenic class of chemicals that have been used in numerous consumer products and
industrial application since the 1950s. Sources of PFAAs include Teflon pans, outdoor
clothing, firefighting foams, food packaging, carpets and pesticides. Some PFSAs and PFCAs
bioaccumulate in biota and biomagnify along the food chain. They can present toxic effects,
with some evidence suggesting that PFAAs could alter thyroid hormones levels in infants and
pregnant women (44, 45). PFAAs are highly resistant to degradation, making them
environmentally persistent. These chemicals have been detected worldwide, including remote
areas such as Antarctica and lakes in the Himalayas (46). Their widespread distribution occurs
through atmospheric transport, via surface water currents and via degradation of volatile
precursors (47). Despite recent media attention (48), long-term monitoring data on PFAAs
available within Australia are scant. Seven selected PFCAs and three selected PFSAs were
detected in 100% of samples taken from the Parramatta River, the main tributary of Sydney
Harbour, with a mean concentration ranging between 0.0002–0.014 µg/L (49), which is well
within the current Recreational Water Quality Guidelines of 0.7 to 5.6 µg/L outlined by the
Commonwealth Department of Health (50). Sampling of the Brisbane River system following
major flooding in 2011 also found PFAAs in water from Somerset Dam to Moreton Bay (51).
No manufacture of PFCAs or PFSAs has ever been recorded in Australia (52). Therefore, the
presence of PFAAs in the Australian environment is due to the use and disposal of consumer
articles (53) and the environmental degradation of other per- and poly-fluorinated chemicals.
The impact of PFAAs on Moreton Bay’s flora and fauna is not yet fully understood. In the
meantime, the use and disposal of PFAA-generating consumer articles must be closely
regulated.
Case study 3: Perfluoroalkyl substances and mass stingray stranding
PFSAs and PFCAs have been detected in the tissues of a wide range of aquatic species
worldwide, particularly in liver tissue where they bioaccumulate (54). The stranding of 49
stingrays on North Stradbroke Island (Minjerribah) provided an opportunity to conduct tissue
sampling (55). The concentrations of PFSAs and PFCAs were investigated in the liver tissues
of six species of stingray (Aetobatus narinari, Dasyatis fluviorum, Himantura astra,
Himantura toshi, Himantura uarnak, and Neotrygon kuhlii) with the aim of providing more
information on the exposure level in Australia environment and assessing whether differences
in concentrations could be explained as a function of the age/size of the individuals (55).

Perfluoroalkyl substances (PFAAs) were detectable in all liver samples, with total
concentrations ranging from 1.2 to 152 ng·g−1 wet weight. The concentrations of total PFCAs
and total PFSAs were significantly higher in blue-spotted rays (N. kuhlii) than in any other
group of rays for all age/size categories (Fig. 3). PFAAs come in many forms and similar to
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previous studies on aquatic biota, perfluorooctane sulfonate (PFOS) was found to be the major
contributor to total PFAAs in each population group.
In the case of rays, there is a positive relationship between the age and size, with larger rays
being older (56). Interestingly there was a negative size-concentration relationship found for
total PFAS levels in the blue-spotted rays (N. kuhlii), with larger rays having lower overall
concentrations (55). This does appear to be counterintuitive, however, previous studies have
shown that the uptake rates of PFAAs are faster and elimination rates slower in smaller fish
(57). The rays were collected 20 months after the 2011 flood, when the Brisbane River
delivered up to 17 kg of PFOS and 3.7 kg PFOA into Moreton Bay and showed a persistence
of high concentration levels for many months post-flooding event (51). Therefore, the negative
relationship between PFAAs concentration and size/age could be related to differing uptake
kinetics of the chemicals as a response to an sudden increase in these substances 20 months
prior, caused by the flooding of the Brisbane River. Hence, smaller rays take up the chemicals
more quickly and eliminate them more slowly, leaving those rays with an overall larger body
burden. This study highlighted the complexity around the uptake of PFAAs and the importance
of including biological measurements such as size and age, in order to adequately study and
understand the exposure of marine animals to these complex chemicals.

Figure 3. Log-transformed concentration of ∑ PFCAs and ∑ PFSAs found in the liver of rays stranded
on North Stradbroke Island. The equation on the chart and the correlation coefficient are given for the
blue-spotted rays’ dataset, which were significantly higher than any other group of rays. Figure sourced
from (55).
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Marine debris

Marine debris is defined as any man-made product entering the marine environment, whether
by accidental loss or damage, or wilful disposal. It is generally thought that about 20% of
marine debris enters the water by being discarded or lost at sea, while about 80% originates
from land-based sources (58). Land-based sources include littering and inadequate waste
disposal facilities, with an estimated 33% of rubbish being lost from landfills into the
environment every year (59). It is estimated that there are 150 billion tonnes of plastics in the
world’s oceans as of 2017, with an estimated additional 4 to 12 million tonnes entering the
world’s oceans every year (59). While the composition of this debris varies regionally and
spatially, between 60 and 80% is plastic (60).
Global mass production of plastic commenced around 1950 at relatively low production levels
of two million tonnes per year (59). However, it did not take long for these first plastic products
to interact with marine life. The first scientific record of plastics being ingested was by seabirds
in New Zealand during the late 1950s (61). This was less than 10 years after global mass
production of plastics had started. Over the next couple of decades, plastic polymer production
grew rapidly, with a compound annual growth rate of 8.4% a year (59). Today plastic debris
production is estimated at 400 million tonnes per year and can be found in all of the oceans of
the world (59, 62). Despite this rapid growth, the earliest recorded evidence of marine debris
surveys in the Bay are from 1993 (63), by which time the global plastic production had
increased to over 100 million tonnes per year (59).
In terms of threats to wildlife and potentially to human health, plastic debris is both persistent
and pervasive (64). In different forms, it can be lethal through both ingestion and entanglement.
Similarly, lost or discarded fishing gear such as nets, fishing line, and crab pots can entangle
and drown marine life, while ingested hooks are lethal to both sea turtles and seabirds (65). A
potential threat comes from microplastics, which are tiny pieces of plastic usually resulting
from the deterioration of larger pieces of plastic or from clothing fibres (66). Microplastics can
also adsorb chemicals from the environment and transfer them to the tissues of organisms that
ingest them (8).
Case study 4: Marine debris, sea turtles and seabirds
The impacts to marine life from marine debris have been well catalogued (67), and include
both lethal and sublethal impacts from entanglement and ingestion. Entangled animals can
drown immediately, or can suffer from increased drag from entangled objects, impairing
feeding and normal movement (68). Ingested objects can pierce the gut wall, causing
septicaemia, or can block the gastrointestinal system (67). Recent research indicates that
chemicals leached into body tissues from ingested plastics can cause hepatic stress, and even
affect the endocrine system (8, 69).
A 2009 meta-analysis into the impacts of marine debris on wildlife in Australia found that 77
marine species had ingested or been entangled by plastic debris (70), but that number has
certainly risen in the ensuing decade (e.g. (71)). In the Bay, the majority of scientific research
on marine debris and wildlife to date has focused on sea turtles and seabirds (71-75). Whilst
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the population and ecosystem level effects of debris are more challenging to measure, there are
several studies that have documented the effects of marine debris on a species level.
A survey of 115 sea turtles that died between 2006 and 2011 in Moreton Bay and nearby
beaches found that 33% of all animals had ingested marine debris at the rate of anywhere
between 1 and 329 pieces per turtle (73). Note, that these finding contrasts with Flint et al. (75)
who found that only 4% (n=7) of necropsied sea turtles died from ingesting foreign bodies.
However, the mean size of turtles in this study was much larger relative to Schuyler et al. (73).
Interestingly, Schuyler et al. (73) noted that young, juvenile turtles, which had likely been
foraging in pelagic offshore waters as opposed to inside of the Bay, were more likely to ingest
debris (54.5%) than their elder counterparts (25%).
Schuyler et al. (73) also found differences between the type and colour of debris ingested by
each group. Pelagic-feeding turtles preferred white, hard plastics, while the older, benthicfeeding turtles were more likely to eat soft, clear plastics (Fig. 4). The authors attributed this
pattern to the ubiquity of white plastics in the environment and the relatively non-selective
feeding style of post-hatchling turtles. In contrast, the preference of adult turtles may be due to
the visual similarity of ingested plastic bags to a preferred prey taxa, jellyfish (73, 74). A
quantitative analysis was made based on information obtained from the Queensland
Government’s StrandNet and necropsies. This indicated that 14 pieces of marine debris were
required to kill 50% of juvenile sea turtles investigated, many of which came from the Bay
(76).

Figure 4. Colours of marine debris found during beach surveys and in the
gastrointestinal system of stranded sea turtles, reported as an average of the
percentage of each category found within each animal (benthic n=22, pelagic
n=11), and during each beach survey (n=25). Error bars indicate standard error.
Figure sourced from (73).
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Similarly, a study of 139 short-tail shearwaters (Puffinus tenuirostris) stranded on the beaches
of North Stradbroke Island found that 66% of all animals had ingested marine debris (72). Here
again, juveniles were more likely to ingest debris (85%) than adults (63%). The birds appeared
to select hard plastics, rubber and balloons. This selectivity may be due to a similarity in
appearance (including position within the water column) between balloons and squid, a
common prey item of shearwaters.
Although the animals were found on North Stradbroke Island, short-tail shearwaters (P.
tenuirostris) migrate for thousands of kilometres, and the debris may have been ingested many
kilometres from the Bay. However, this case study and that of the turtles indicate that wildlife
frequenting the Bay and surrounds experience significant impacts from marine debris, whether
the debris is local or regional in origin. It is critical to implement plans that reduce debris at its
source across all levels of government, local, state and national.

Methods and bodies responsible for monitoring and cataloguing marine
debris in Moreton Bay

Numerous organisations contribute to actions that deal with marine debris within the Bay by
conducting community clean-ups and education. Three not-for-profit organisations—Healthy
Land and Water, Reef Check Australia and Tangaroa Blue Foundation—are active leaders in
monitoring and cataloguing debris with the goal to target debris sources in the Bay. These
organisations collaborate with the Queensland Government’s Litter and Illegal Dumping
Program to drive the adoption of best practices in waste management and education (77).
Queensland’s Litter and Illegal Dumping Action Plan sets the agenda for managing the problem
statewide. It is made up of a suite of programs that positively influence community attitudes
and behaviours around waste disposal. Actions range from compliance and enforcement to
community-based social-marketing campaigns, informed by rigorous research.
A better understanding of the sources of marine debris in the Bay is beginning to emerge from
the data collected through standardised clean-ups conducted by Reef Check Australia, Healthy
Land and Water Clean Up program, and Tangaroa Blue Foundation monitoring surveys and
clean-ups (78). Reef Check Australia engages the community using a citizen science approach.
They gather data that monitors and reports on reef health within the Moreton Bay Marine Park,
including data on marine debris. The Healthy Land and Water Clean Up Program has run for
over 16 years in South East Queensland and employs a crew to collect floating and bank-bound
litter. Tangaroa Blue Foundation supports community clean-up events through an on-ground
network of community volunteers and organisations, which contribute data on marine debris
to the Australian Marine Debris Initiative database. It also provides educational resources and
support programs, and collaborates with industry and government to create behavioural and
legislative change at a state and national scale.
An important component of these programs is the systematic collection and analysis of data,
which is used by the three organisations to educate and inform local communities and to drive
local source reduction plans in collaboration with local and state governments. Within South
East Queensland source reduction plans are being implemented to target specific waterway
litter items. A source reduction plan serves the dual purpose of identifying regionally and
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temporally specific sources of litter and engaging the community, industry and local
governments in a plan to reduce litter. The success of a source reduction plan can be evaluated
using the data collected from community clean-up events. Through an iterative process of
assessment, future reduction plans can evolve to address new issues as they arise.
In 2018, the Queensland Government banned single-use plastic bags (79) and mass balloon
releases (80). During that same year, a container refund scheme for bottles, cans and cartons
was also put into place (81). With ongoing beach/river clean-ups and data collection and
analysis, source reduction plans can be measured for both success or failure, enabling them to
be modified if needed, and providing case studies that can be used by communities across the
country who may be trying to find similar solutions.

Conclusions

For all of the persistent pollutant groups discussed in this chapter, there is a recognised need to
increase monitoring of these potentially toxic compounds, while simultaneously providing
strategies to reduce their inputs into the Bay. These strategies require local, state and Australian
government buy-in. Much progress has been made in the area of marine debris, however, many
of the pollutants do not have coordinated monitoring programs, making it difficult to
understand the impact of major weather events, such as flooding, into the Moreton Bay
catchment.
The authors recognise that a coordinated monitoring program is not simple, as the number of
industrial chemicals in use far exceeds the number of chemicals for which toxicological data
are available (82). A proactive approach to developing baselines is complicated as it is difficult
to predict what will be an issue and it is impractical to make baselines for all potentially toxic
chemicals in the short term. One way to address this issue is to generate an environmental
specimen bank that contains tissue samples that can be accessed by researchers and government
agencies to go ‘back in time’ to make comparisons.
Queensland lacks a well-established or coordinated system for necropsies/sampling of stranded
animals. It is highly recommended that the Queensland Government, in conjunction with a
relevant tertiary institution, such as the University of Queensland’s ‘Queensland Alliance for
Environmental Health Science’, look towards establishing a well- maintained and well-funded
tissue bank, such as the National Oceanic and Atmospheric Administration’s marine mammal
tissue bank (83) or the South Australian Museum tissue bank (84). It is also recommended that
researchers consider the practical applications of their work by working with, or developing
tools for, traditional owners, frontline conservation, and monitoring agencies. It is time to move
on from monitoring problems and actively concentrate our energy on solution-based
approaches.
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