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Trace metal contamination and
distribution in sediments of Moreton Bay:
An historical review

Abstract
Trace metals identiﬁed as priority contaminants (Pb, Zn, Cu, Cd, Ni, Cr, As, Hg) in
estuarine and coastal marine sediments represent a challenging issue because of their
toxicity, persistence and their potential to become bioavailable to aquatic organisms.
Estuarine embayments have provided the most favourable sites for the settlement of
Europeans in Australia. Since the 1840s, following the rapid development of the
Moreton Bay region, metal contaminants used in many human activities started to
disperse into the Bay. Here we present a review of recent studies aimed at quantifying
trace metal concentrations in the sediments of Moreton Bay and at describing
sedimentation patterns. The eﬀects of rapid catchment modiﬁcations are recorded in
sediment cores from intertidal and subtidal areas where increasing concentrations of
metals correlate with the history of development in the region. Also, metal
concentrations in surﬁcial sediments at many sites are above local natural background
levels and above sediment quality guidelines used to assess the ecological eﬀects of
sediment contamination, implying ecosystem deterioration. Moreton Bay is recognised
for its ecological signiﬁcance and, with predicted increases in the frequency of extreme
weather events, mobilisation of contaminated sediments represents the main pathway
for trace metal dispersal. This paper highlights the importance of monitoring metal
contaminants in the Bay’s sediments together with water quality parameters, and
provides an overview of areas where contamination occurred in the past and of areas
most likely to be impacted by metal contamination in the future. The data reported in
this review can play an important role in local and regional management strategies for
the preservation of a healthy estuarine ecosystem in Moreton Bay.
Keywords: metal contaminants, metal distribution, intertidal sediments, subtidal
sediments, sedimentation rates, sediment mixing, environmental monitoring
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Introduction

Maintaining a healthy ecosystem is linked to natural and human-induced changes, and
to its capacity to recover after perturbations (1). Human activities have modiﬁed the
magnitude and composition of inputs from watersheds to estuaries, thereby putting
pressure on the ecological health of the coasts. Major modiﬁcations of the Moreton Bay
catchment after European settlement in the early 1830s (e.g. clearing of vegetated
areas converted to croplands and cattle grazing, urbanisation) (2-4) led to increased
erosion from channels and gullies, resulting in increased sediment yield into the Bay
(5–9). The environmental impact in the region was particularly marked after 1960 when
fertiliser use and the introduction of many new chemicals resulted in nutrients and
pollutants entering the waterways when there was a lack of understanding of their
toxicological consequences.
Among trace elements, trace metals (e.g. lead (Pb), zinc (Zn), cadmium (Cd), copper
(Cu)) are an important source of pollution. Their non-biodegradability and inherent
toxicity make them some of the most persistent pollutants (10). Introduced in the
aquatic environment by atmospheric deposition, weathering or erosion, anthropogenic
sources (e.g. ore mining, fossil-fuel combustion, industry, agriculture) are major
contributors of metals in coastal areas. In sediments, their concentrations include the
natural and anthropogenic components. The mineralogical or chemical form in which a
metal occurs will greatly aﬀect how readily it is released into the environment. Trace
metals have high aﬃnity for ﬁne particles because of their high adsorption capabilities
and are bound to sediments by particle surface absorption, ion exchange, coprecipitation, and complexation with organic matter (see example in (10)).
In coastal and estuarine regions, sediments play an important role in contaminant
distribution by transporting and accumulating high concentrations of potentially toxic
metals into low-energy areas. After deposition, disturbance of sediments induced by
natural (e.g. storms, waves) or anthropogenic (e.g. dredging) factors may redistribute
anthropogenic metals associated with previously deposited sediments into the
environment (10). Additionally, changes in bio-geochemical conditions (redox potential,
pH and salinity) at the water–sediment interface may aﬀect the partitioning of
sediment-bound metals, thus facilitating their mobility and controlling their potential
toxicity (see example in (10)). Once remobilised, metals transported in the water
column may become bioavailable and toxic to marine organisms via bioaccumulation
processes (10). Thus, once deposited into the Bay, sediments could act as non-point
pollution sources by releasing their toxic metal load, thus adversely aﬀecting the
ecosystem.
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Today, the Moreton Bay catchment is one of the fastest growing regions of Australia
and rapid population growth poses a signiﬁcant threat to the environment and the
quality of its waterways (2, 11). Increased suspended sediment load transported in the
water column from the catchment together with the associated nutrients and
contaminants is causing ecosystem health decline in various areas of the Bay (5, 12,
13). To address this problem, the regional management plan has set a target of
reducing the suspended sediment input to the Bay by 50% (6).
This review integrates the available knowledge on sediment accumulation and metal
concentrations in sediments deposited in Moreton Bay since the onset of
industrialisation, providing a reference point for future works on trace metal
contamination in Moreton Bay.

Assessing metal contamination in sediments
Metals’ inherent toxicity can be used as an indicator to monitor the quality and ecologic
health of estuarine environments. Assessment of trace metal contamination in
sediments is made by comparison with the natural geochemical variability and/or by
comparison with sediment quality guidelines (see examples in (14–16)). In order to
quantify metal contamination, it is essential to distinguish between the anthropogenic
and natural contribution of trace metals in sediments. Enrichment factors (EF=metal
concentrations(sample)/metal concentrations(background sample) (16) are commonly used as a
means of quantifying anthropogenic contribution of metals by comparison with
background concentrations, which represent concentrations of metals in preanthropogenic uncontaminated sediments (16). Based on EFs classiﬁcation, EF = 1–1.5
indicates that metals are mostly sourced by crustal material, EF = 1.5–3 denotes
moderate enrichment, EF = 3–5 implies moderate to severe enrichment and the need
for further investigation, while EF = 10–25 represents severe enrichment and serious
environmental contamination.
The environmental risk to the aquatic ecosystem associated with metals, organic
chemicals or nutrients is deﬁned by water and sediment quality guidelines that set
acceptable levels for chemical substances. Sediment quality refers to the ability of
sediments to support a healthy benthic ecosystem. For Australian sediments, it is
assessed by applying the Australian and New Zealand Guidelines for Fresh and Marine
Water Quality – ANZECC and ARMCANZ (Australian and New Zealand Environment and
Conservation Council, and Agriculture and Resource Management Council of Australia
and New Zealand) interim sediment quality guidelines (ISQGs) for fresh and marine
water quality (1). Metal concentrations below ISQG-Low values (ISQG-L) are unlikely to
have adverse eﬀects on the environment or aquatic organisms, whereas concentrations
higher than ISQG-High values (ISQG-H) indicate highly contaminated sediments, which
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are likely to have adverse biological impacts (17). Reference median ranges for metals
occurring naturally in Queensland estuarine sediments (18) are also used as benchmark
guidelines for comparison of metal contamination in sediments (Table 1).
Table 1. Ranges of total metal concentrations (mg/kg) in Moreton Bay sediments
(modiﬁed from (18)). ICP-MS:Inductively Coupled Plasma Mass Spectroscopy, ICP-OES:
Inductively Coupled Plasma Optical Emission Spectroscopy, AAS: Atomic Absorption
Spectroscopy, XRF: X-ray Fluorescence.
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Metal contamination in Moreton Bay
The ranges of concentrations (maximum and minimum) of trace metals (Cu, Pb, Zn,
chromium (Cr), nickel (Ni), arsenic (As), and (Cd) found in intertidal and subtidal
sediments of Moreton Bay are summarised in Table 1. Mercury (Hg) values were not
listed in Table 1 because they were analysed in only very few studies (19–21) (Fig. 1).
Details of the location of sampling sites, sediment characterisation, and concentrations
of other metals are found in each cited work. Although results from these studies are
diﬃcult to compare because of the diﬀerent analytical methodologies used, assessment
of contamination was generally made against a) enrichment factors (EFs) and b) by
comparison with sediment quality guidelines.
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Figure 1. Distribution of trace metal enrichment factors (EF) in intertidal and
subtidal sediments of Moreton Bay. Dots indicate ranges of enrichment factors for
the metals listed. In the map only EFs>1.5 are included. Details of the sediment
locations are found in each cited work (reference numbers in the map).

Background concentrations
To date, few studies have deﬁned metal background concentrations to assess
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contamination in Moreton Bay sediments. Some studies have used as a reference,
benchmark metal concentrations deﬁned for sediments of Queensland freshwater
streams, estuaries and coastal waters calculated between 1975 and 1992 (18). In the
central Moreton Bay mud-dominated zone, a geochemical background representing
metal concentrations deposited before the onset of urban and industrial development
was deﬁned, based on the geochronology of two subtidal sediment cores (22). Metal
concentrations prior to European development were also deﬁned for intertidal areas in
Deception Bay, Bramble Bay and in southern Moreton Bay (15). In Deception Bay, three
sites were selected to deﬁne background concentrations (14), but a site near Rocksberg
in the upper Caboolture River, the major contributor to sediments in Deception Bay (14,
19), was chosen to best represent the background geochemical composition of
Deception Bay. Background values in the Pumicestone region were established for local
bedrock, estuarine sediments and soils (23). Given the hydrodynamic variability of the
Bay, contamination assessments should carefully select background concentration
ranges that best reﬂect the site-speciﬁc depositional environment of the area where
contamination is assessed (16, 24). Most of the studies on sediment contamination in
Moreton Bay are focused on small sampling areas or localised zones (e.g. 28, 29, 33,
40). Few studies (14, 19, 22, 25) have analysed sediments deposited in the period
following the 2011 Brisbane River ﬂood. Some large-scale investigations evaluated
metal concentrations in sediments from the northern to the southern part of Moreton
Bay (14, 19, 22, 25), while others provided a temporal record of metal contamination
from sediment cores (21, 22, 24, 26, 27). An outline of the sites in Moreton Bay where
sediments were found to be enriched in metals (EF>1.5) is shown in Figure 1.

Bay-wide studies
Pollution levels in surﬁcial sediments across Moreton Bay were investigated in several
studies. The regional distribution of metals within intertidal sediments along the
western Moreton Bay shoreline was investigated in a 2005 study (21) integrating new
results together with previously existing data. The most signiﬁcant contaminants
identiﬁed in this study were Ni, Pb, Hg, Zn, and occasionally Cd, As and Cr. The highest
concentrations of metals were associated with ﬁne estuarine sediments close to urban
and industrial areas (maritime and port facilities, light industries) and concentrations
were two to three times higher than in nearby sediments from sandy shorelines (21).
Another study has assessed contamination in 15 intertidal sites sampled between 2007
and 2009 (26). Chromium, Ni and Cu were found to be the main contributors to
sediment pollution, with Cr and Ni exceeding the ISQG-L levels in Deception Bay, in the
Pine River and in southern Moreton Bay (26). Sediments were also enriched in Zn, Cd
and Pb by 1.5–3 times the background levels. A more recent work (unpublished thesis
(27)) has analysed 43 intertidal surface sediments in mangrove areas from northern to
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southern Moreton Bay (27). Sediments in Deception Bay showed minor enrichment
(EF<2) for most of the metals, while minor to severe enrichment (EF<10) was found in
Waterloo Bay (EFs: As=2.25, Cr=3.56, Cu=2.55 and Zn=2.05) and southern Moreton
Bay (EFs: Cr=2.93, Cu=7.74, Pb=2.26 and Zn=2.05). Average metal concentrations fell
between the ‘high’ and ‘low’ range of ANZECC/ARMCANZ (17) and Queensland
estuarine sediment (18) guidelines, while maximum values of As, Cr and Ni exceeded
the ISQG-H at some sites (27). These results were not included in Figure 1 and Table 1
as they have not been published. Other investigations were aimed at assessing metal
concentrations in restricted areas of the Bay.

Deception Bay
Thirteen subtidal sediment samples from Deception Bay were analysed three times over
a period of seven months (4) and Hg was identiﬁed as the element of highest
enrichment, posing moderate to severe risk to the local ecology of Deception Bay (19).
Another study undertaken in the same area revealed severe Pb pollution (average
EF=13) and minor to moderate enrichment of As, Zn and Cr (average EFs were 2.3, 2.7
and 3.7, respectively) (14). These concentrations reﬂect the rapid population growth
and the expansion of industrial activities that has occurred in Deception Bay since the
1980s (4).

Bramble Bay
In Bramble Bay, ﬁne estuarine intertidal muds were enriched in Cu, Zn, Cd and Pb close
to the reclaimed landﬁll site in Wynnum, and concentrations decreased at increasing
distance from the landﬁll (28). Signiﬁcant concentrations of Cu, Zn, Pb and Ni were
found in mangrove sediments in the same area and analysis of the transfer processes of
metals to mangrove sediments revealed that in a 15-year period around 46kg of Pb,
137kg of Cu, 941kg of Zn, 0.2kg of Hg, 1kg of Cr and 127kg of Ni moved from the
landﬁll to the mangroves through surface run-oﬀ (29).
A recent work examined trace metal contamination in post-2011 ﬂood surﬁcial subtidal
sediments of Bramble Bay and determined the spatial patterns of pollution and the
temporal changes in metal concentrations in February, April, June and November 2012
(20). The overall sediment health of Bramble Bay was assessed as good, and only Cr
and Ni maximum concentrations exceeded the low thresholds of the ISQGs (ISQG-L).
Compared to the geochemical background, sediments across Bramble Bay were found
to be slightly enriched in Zn (max EF=1.8) and Pb (max EF=2.9), moderately enriched
in As (max EF=4.1) and at some sites severely enriched in Hg (max EF=73) (20).
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Brisbane River estuary

The Brisbane River estuary is surrounded by the most heavily urbanised area in the
region. Breakfast, Norman, Oxley, Boggy and Bulimba creeks and Kedron Brook
Floodway have been exposed to urban and industrial contamination. Reports by the
Department of Environment (18) found levels of Zn, Cu, Ni and Pb exceeded the
environmental guidelines in Breakfast, Norman and Oxley creeks (18). Surﬁcial
sediment analysis within mangroves along the Boggy Creek inlet showed high levels of
nutrients (due to Luggage Point sewage) and metals (Cu, Pb, Zn, silver (Ag), Cr, Ni, As)
at the seaward edge of the woodland, reﬂecting the industrial and urban history of the
Brisbane River estuary (30, 31). In the lower sections of Bulimba Creek, close to the
industrial zone near the junction with the Brisbane River, sediments were enriched in Cr
and Pb (21, 32). In the Kedron Brook ﬂoodplain, a low-lying area drained by artiﬁcial
canals, the estuarine channel bed sediments were more enriched in Cu, Zn and Pb than
the ﬂoodplain sediments (33).

Waterloo Bay
High concentrations of Cu, Zn and Pb were found in intertidal muddy sand in Waterloo
Bay close to a drainage creek near an industrial area (34). Also, along the intertidal
areas in Waterloo Bay, data obtained from surface samples at 19 sites found
contamination in sediments, with Cu, Zn, Pb, Ni and Cd above natural background levels
for Queensland estuaries and exceeding the ISQG-L (Pb at three sites, Ni at two sites
and Cd at one site) (35).

Southern Moreton Bay
Analyses of 20 surface samples of estuarine silts from the Logan River in southern
Moreton Bay showed high levels of Pb and Zn in the vicinity of populated areas.
Concentrations of Cu, Zn and Pb decreased downstream, whereas Cr increased (36).
Sediments from the Pimpama River (15km south of the Logan River) were enriched in
trace metals despite the river catchment being characterised by low levels of
anthropogenically introduced metals (23). Concentrations of Cu, Pb and Zn in sediments
from residential canals and commercial marinas in the Southport Broadwater were
found above Queensland natural background levels as well as Australian sediment
quality guidelines in most of the sites. Those high concentrations were attributed to
urban stormwater run-oﬀ, run-oﬀ from local industries, and to metals deriving from
maintenance of vessels (37).
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Sediment cores are excellent archives of past sediment deposition and vertical metal
proﬁles in undisturbed sediments are used to reconstruct the history of pollution in
coastal areas (see example in (15)). In the western side of Moreton Bay, analyses of
nine sediment cores from intertidal ﬂats that integrated sediment geochronology with
vertical proﬁles of metal concentrations revealed the extent of trace metal
contamination since European settlement (15). A consistent temporal increase in Pb,
Zn, Cd, Cu and Ni concentrations was found in Deception Bay, Bramble Bay, Waterloo
Bay and southern Moreton Bay. Compared to pre-European background levels, metal
concentrations increased by up to two orders of magnitude (EF=2) after ~1923 and
maximum metal input (EF=4) was recorded during the 1950s to 1970s. A similar trend
was observed in sediment cores at two subtidal sites in central Moreton Bay (22).
Enrichment in Zn, Pb and Cu in sediments deposited after 1959 corresponds to the
period of increased population growth, and consequent intensiﬁcation of metal inputs
from industrial activities and urban run-oﬀ into the Bay. Similarly, temporal trends of
increasing Zn, Pb, Cu and As concentrations in sediment cores in the northern part of
Waterloo Bay were correlated with the expansion of the reﬁnery in Lytton established in
the 1960s, with run-oﬀ from the Brisbane airport, and with the nearby wastewater
treatment plants (24).
In the subtidal areas of Moreton Bay, an extensive study of sediment cores and surface
sediments assessed the eﬀects of the 2011 Brisbane River ﬂood on trace metals
deposition in Moreton Bay (22). Sediments deposited in central Moreton Bay after the
ﬂood, were highly enriched in Zn, Cu and Pb. The highest enrichment was recorded in
Bramble Bay at the mouth of the Brisbane River, Cabbage Tree Creek and Kedron
Brook, with Zn, Cu and Pb EFs as high as 2.7, 2.6 and of 3.4, respectively. Sediments in
southern Moreton Bay were enriched in Pb (EF up to 5.3) close to the Logan River. The
high metal concentrations found in the ﬂood deposits were attributed to the
remobilisation and redeposition of metal-rich sediments accumulated on the Brisbane
River ﬂoodplain during the 10 to 40 years before 2011 (5, 22). Also, post-2011 ﬂood
sediments showed higher metal concentrations in subtidal areas in Bramble Bay and in
central Moreton Bay (22) compared to concentrations found in pre-ﬂood intertidal
sediments along the western side of Moreton Bay (26).

Factors inﬂuencing metal distribution in Moreton Bay
Most of the reviewed studies found that sediments were enriched in metals in diﬀerent
areas throughout Moreton Bay. Among the main risks leading to ecosystem
deterioration is the redistribution of metals associated with old contaminated
sediments, induced by sediment mixing (10, 24). Identifying areas prone to sediment
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disturbance is thus of critical importance in Moreton Bay (24). A few studies have shown
that deposited sediments remained undisturbed, thus providing a chronological record
of metal input (15, 22, 38, 39). However, in some areas sediment deposition is mostly
controlled by the local hydrodynamics of the Bay (24, 38) and vertical redistribution of
metals may occur up to at least 80cm depth (24). For example, increasing
concentrations of Pb, Zn and Cu towards surface sediments in Bramble Bay and
Waterloo Bay correlate both with increased anthropogenic input in the last century and
to post-depositional processes (e.g. bioturbation, sediment disturbance) (24).
Most importantly, in areas where sediment mixing occurs, changes in the environment
geochemical conditions may facilitate the desorption and remobilisation of sedimentbound metals (in particular the exchangeable or weak-bound metal fraction (10)), which
may become bioavailable and toxic for aquatic organisms (10). For instance, high
concentrations of As found at around 20cm depth in a sediment core from Waterloo Bay
(24), following the resuspension of sediments, may represent a risk to biota. In Moreton
Bay, the potential risk posed to the ecosystem by metals likely to become bioavailable
(weakly bound metal fractions) was assessed only to a limited extent. Results of the
available studies were not reported in Table 1 as they are diﬃcult to compare because
of the diﬀerent analytical extraction methods used. Deception Bay and Bramble Bay
were found to be the areas at higher risk (14, 26). Analyses of 15 surface intertidal
sediments along the western side of the Bay found Co, Zn and Cd falling into the
medium risk category at almost all sites; Zn and Cd were found to pose high to very
high risk to the aquatic biota at three sites in Deception, Bramble and southern Moreton
Bay, while Ni, As, Cu, Pb and Cr may pose medium risk at all of the sites (26). Another
study examined subtidal sediments in Deception Bay three times over a period of seven
months, ﬁnding that the exchangeable fraction was relatively low compared to the
guidelines for As, Cd, Cr, Cu and Pb, with the exception of Hg, which may pose some
risk for the ecosystem (19).
Six sites (intertidal and subtidal) in Bramble Bay were analysed in four periods of the
year to assess the temporal variability of the weak-bound metal fraction in sediments
(20). The sediment guidelines were exceeded only for Ni and Cr, while Hg was found to
be the most enriched metal with the highest Enrichment Factor in sediments collected
in June. Also, Hg and Cd showed increasing trends over the entire sampling period,
probably because of an ongoing pollution source in the area, while As concentrations
were found to be more stable over the same period. Temporal variations in metal
concentrations were also attributed to the occurrence of sequestration processes and to
variation in sediment ﬂuxes controlled by changes in water ﬂow during the wet/dry
season (see (20) for more details).
A study on Southport Broadwater sediments in southern Moreton Bay revealed that
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relatively small changes in the environmental conditions would cause the release of Cu,
Pb and Zn associated with iron (Fe) and manganese (Mn) oxide minerals (7). The metalexchangeable fraction was also quantiﬁed in 13 sediment cores from intertidal areas
across Moreton Bay (41). Results showed that at least 20% of the total metal
concentrations for cobalt (Co), Cd and Zn in most of the sediments are potentially
bioavailable. This study also correlated the temporal variability of the exchangeable
fraction of Zn, Pb, Cr and Ni with the increase in metals usage since the beginning of
the century. These data have not been reported here as they have not been published
(41).

Major sources of metal contamination in Moreton Bay
Most of the studies reviewed in this paper show that the main contribution to the metal
contaminants load in Moreton Bay derives from the urban development of the
catchment area, from the associated sewage discharge, industrial run-oﬀ, urban
stormwaters, and wash oﬀ from urban surfaces (e.g. roads). In Bramble Bay and
especially close to the Brisbane River, contamination (Pb, Cd, Zn, As and Ni) is mainly
associated with urban stormwater drainage from municipal solid waste landﬁll, and the
industrial area of Lytton Point (20, 21, 26). Heavy marine traﬃc, recreational and
industrial marinas, and vessel maintenance are identiﬁed as the major sources for Cu,
Ni and Hg contamination in Deception and southern Moreton bays (14, 40, 42), with
relatively high Cu levels found around marinas and mooring facilities due to the usage
of Cu-based anti-fouling paints (37, 40, 43, 44). Signiﬁcant amounts of Cd, Cr and Cu
also derive from agriculture and fertilisers, while Pb, Zn and Ni originate mainly from
combustion of fossil fuel (22) and using leaded gasoline (Pb), similar to other sites
around Australia (15, 23).

Variability of sediment deposition in
Moreton Bay
Sediments are the main drivers of trace metal distribution in estuaries. Sedimentation
in Moreton Bay is largely controlled by tidal currents and by major ﬂood events. Some
studies have characterised sediment accumulation rates in sediment cores, providing
the geochronology of sedimentation in the last 150–200 years (Table 2).
Table 2. Sedimentation rates in Moreton Bay.
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Data on sedimentation rates in Moreton Bay are in agreement with studies suggesting
that modern rates of erosion in Australia have increased by a factor of up to 145
compared to the natural rates before European settlement (3, 25). One of the ﬁrst
studies estimated a long-term bulk accumulation rate of 0.08cm/yr since about 6,500
years ago in central Moreton Bay (7). In the mud-dominated zone in central Moreton
Bay two sediment cores recorded an increase in sedimentation from 1840 to 1890,
following the start of European settlement (5). The same study showed that
sedimentation rates increased by 3–9 times in the last 100 years compared to the 1,500
years before (5). The intensiﬁcation of cropping and grazing practices accelerated in the
1950s, and the eﬀects of greater erosion from the catchment are reﬂected by the
increase in sedimentation rates recorded in central Moreton Bay between 1950 and
1967 (5). Similarly, an increase in sediment accumulation rates in intertidal areas was
recorded in the same period in four sediment cores, which preserved the history of
sediment deposition since approximately 1900 (15, 39). Average accumulation rates in
the central part of the Bay were around ~0.83g cm2/yr between 1959 and 2011 (5),
2
while in intertidal areas rates varied from about 0.16 to 0.72g cm /yr in the last 70
years (15, 38). Comparison of sediment accumulation rates (Table 2) highlights the
spatial variability of Moreton Bay sedimentation, which reﬂects the complex
hydrodynamics of the Bay (24, 41), mostly controlled by the local hydrologic, physical
and tidal conditions (15). Also, evidence of post-depositional diagenetic processes and
sediment mixing at diﬀerent sites (24, 38) shows that the sedimentary record may be
disturbed up to a depth of at least 1m, as found in cores from Waterloo Bay (24).
The risk of metal redistribution induced by mixing of old deposited sediments is of
concern, especially where ﬁne particles are dominant. Fine sediments represent the
dominant fraction in Moreton Bay, covering about 860km2 and more than 50% of the
area of the Bay (45). Compared to the sediment distribution map completed in 1970
(46), the area covered by ﬁne sediments is increased and other extensive particle size
mapping exercises published in 1999 have shown that the area of mud-rich sediments
had expanded signiﬁcantly at that time (47). Tide-induced resuspension is the primary
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driver of turbidity regimes and sediment transport within Moreton Bay, while ﬂood
events are episodic determinants of sediment distribution in the Bay (5, 22, 45). For
example, an estimated 5.4Mt of sediments were transported into the Brisbane River
estuary during the 1974 ﬂood, while ~10Mt of ﬁne (<63mm) sediments were deposited
in Moreton Bay during the November 2011 ﬂood (22). After this event, a 10–20cm layer
of recent ﬁne sediments was found in sediment cores within the central mud-dominated
zone north-east of the mouth of the Brisbane River, showing that after big ﬂoods
sediments are transported and reworked from shallow coastal areas to deeper regions
of the Bay where they gradually accumulate (5, 22). The dramatic increase in ﬁne silt
and clay that occurred in recent decades is cause for ecological concern as it may
enhance the risk of dispersal of associated trace metals into still pristine areas (45).

Implications for management of
contaminated sediments in Moreton
Bay
Health assessments of estuarine ecosystems are based on indicators relevant to the
type of estuary, pressures on the estuary and management objectives. Indicators
should be selected considering existing problems, and likely future scenarios, such as
those posed by changes in catchment land use or climate change. Existing studies have
demonstrated that metal contamination in Moreton Bay is mainly caused by (i) current
pollution from point sources e.g. wastewaters, industrial areas discharge, water
treatment plants or urban run-oﬀ, (ii) transport of contaminated sediments, and (iii)
remobilisation of old contaminated sediments buried below new sediments. The nature
and distribution of metal enrichment in the Bay is controlled by local pollution sources
and by hydrodynamic factors and it is not consistent across the diﬀerent embayments
(22, 24). This site-speciﬁc variability must be considered when performing
contamination assessment monitoring. The complex interactions among meteorological,
hydrodynamic, biological and geochemical factors result in a metal transport system
with spatial and temporal variability. Post-deposition sediment remobilisation induced
by natural (e.g. bioturbation) or by anthropogenic (e.g. dredging) processes increases
the risk of metal redistribution (24). For example, strong tidal currents and large ﬂood
events transport ﬁne particles into the central part of Moreton Bay, redistributing
contaminated sediments from the western Bay (22). Hence, because of their inherent
toxicity and the risk of becoming bioavailable (10), the monitoring of trace metal
concentrations is needed to assess and thus preserve the quality and ecologic health of
Moreton Bay.
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Sediment contamination is complex to manage due to the tendency for metals to be
retained within sediments for long periods, as shown by trace metal temporal trends
recorded in sediment cores (15, 22, 24). Contaminated sediment can thus become a
major obstacle to restoration eﬀorts in degraded aquatic environments. Furthermore,
climate change is increasing the frequency of extreme events (48) (e.g. storms,
cyclones, ﬂoods) and it is expected to increase sediment loads, thus accelerating the
redistribution of sediments and contaminants.
A regular environmental monitoring program is maintained in south east Queensland to
support policy and planning decisions for the preservation of the natural ecosystem
(49). The Healthy Land and Water (HLW) Report Card released each year delivers a
measure of the pressures facing the Moreton Bay region and ranks its environmental
condition grade from excellent (A) to fail (F) (49). Monitored indicators are freshwater
communities, ecosystem processes, habitat, estuarine water quality, and sediment,
nitrogen and phosphorus loads. However, the report card does not include metal
contaminants as an indicator of environmental quality. Routine monitoring of trace
metals in sediments could be added to the HLW program in Moreton Bay. Routine
surveys would contribute to provide information for decision makers to take into
account pollutant loads when restoring aﬀected sites and/or preventing the disturbance
of contaminated areas by, for example, improving management planning for dredging
and maintenance of navigational channels preventing metal redistribution by sediment
mixing.
Results summarised in this paper show that trace metals accumulated in sediments
represent a risk to the Moreton Bay ecosystem. This review also identiﬁes areas that
are potentially more susceptible to metal deposition, and including these areas in future
studies may contribute to future management strategies for Moreton Bay. The
prevention of metal contamination will enhance the resistance and resilience of the
ecosystems of the Bay and their ability to withstand the increased frequency and
severity of disturbances caused by climate change. A more rigorous approach to
managing contaminated sediments aimed at reducing the sources of metals into
Moreton Bay should be embraced to preserve water quality and the health of the
ecosystem.

