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Executive summary

The Hunter River estuary includes the tidal sections of the river and its tributary rivers and
creeks. The NSW Office of Environment and Heritage (OEH) led the Lower Hunter River
Health Monitoring Program in 2014-15. The Lower Hunter River Health Monitoring Program
investigated the health of the estuary and included three main components:
•
•

•

A review of the literature and data available assessed the impact of industrial pollution
on the past and current condition of the lower Hunter River estuary1.
A water quality monitoring program in the lower, mid and upper Hunter River estuary
assessed water quality at 14 sites each month, from August 2014 to March 2015, under
a range of weather conditions2.
A stormwater quality monitoring program identified current sources of pollutants to the
lower estuary. Water samples were collected in urban creeks and near stormwater
drains from industrial sites, during three rain events, and analysed for nutrients, such as
nitrates and phosphates, metals and other pollutants3.

OEH also carried out a preliminary ecological assessment in 2015–16 which investigated a
range of ecological processes in the lower estuary4. These data were used to develop the
Health of the Hunter – Hunter River estuary report card 2016 which explains the river’s
health, in an easy-to-read format5.
This summary report presents the key findings of the programs and studies listed above.
More detailed results are available in the technical reports and in the Health of the Hunter –
Hunter River estuary report card 2016 referenced above, which are available on the OEH
website.

Key findings
•

•

•

The lower reaches of the harbour and the Port of Newcastle have been modified
extensively by human activity. Decades of land reclamation and dredging for port
operations completely removed intertidal mudflats and sand shoals from the lower
estuary, drastically reducing its ecological function. When functioning properly, these
habitats improve water quality by removing excess nutrients and sediment from estuary
waters, and by filtering nutrients and sediment from stormwater.
Water quality in the Hunter River estuary has improved significantly in the past decade.
Actions to improve water quality include rehabilitation of portside land formerly used for
steelmaking, pollution reduction programs by industry to improve the treatment of
wastewater discharges, and remediation of contaminated lands and sediments.
Restoration of natural tidal flows and rehabilitation of estuarine habitats and riverbank
vegetation have improved the ecological condition of the estuary significantly.
Despite the improved water quality since 2000, the Hunter River estuary receives excess
sediment from agriculture and urban–industrial runoff; high concentrations of nutrients,
such as nitrates and phosphates from agriculture and industry; and high concentrations
of metals from industrial discharges and contaminated groundwater. Levels of
sediments, nutrients and metals usually exceed water quality guidelines, especially after
rainfall.
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Understanding estuary health and water pollution
Each land use or ‘activity’ in the water catchment area constitutes a ‘pressure’ on the
estuary’s ecosystem. Most land-based activities generate pollutants that are transported to
the estuary in urban stormwater, rainfall runoff and groundwater. This type of pollution is
known as diffuse pollution. Discharges of wastewater in pipes from industrial sites and
wastewater treatment works are known as point source pollution. Excess soil sediments and
nutrients, such as nitrates and phosphates, are the main pollutants that affect estuary health.
Excess nutrients are of particular concern as they fuel rapid plant growth. This may lead to
toxic algal blooms or nuisance algal growth. Industrial pollutants or toxicants, such as heavy
metals, organochlorines and hydrocarbons produced in heavily urbanised and industrialised
catchments also impact estuary health. High levels of dissolved inorganic nutrients, sediment
or toxicants in estuary waters become ‘stressors’ on the ecosystem and can have negative
effects on ecological processes.

Literature review
Decades of unregulated industrial pollution have impacted water quality and the ecology of
the lower Hunter River estuary. Historically, large volumes (thousands to millions of litres) of
industrial wastewater containing high concentrations of toxicants, nutrients and sediment
were routinely discharged, untreated, directly to the estuary. These circumstances led to a
chronic pollution problem in the Hunter River estuary by the 1970s resulting in major fish
kills, and multiple areas were closed to commercial and recreational fishing. Water quality
was extremely poor and toxicants accumulated in riverbed sediments with negative impacts
on plants, fish and invertebrates, including mussels, oysters and crabs in the estuary.
Water quality in the Hunter River estuary has improved considerably in the past 15 years due
to a range of factors. The closure of BHP Steelworks in 1999 was a significant turning point
for improving water quality in the lower estuary. The Hunter River Remediation Project
removed and treated more than 800,000 cubic tonnes of contaminated riverbed sediments
adjacent to the main site. Improved regulation of industrial premises by the NSW
Environment Protection Authority (EPA) has led to substantial reductions in pollution of
estuary waters. For example, more stringent conditions are now applied to environment
protection licences, such as requirements for increased monitoring of pollutants discharged
to stormwater systems. Industries have significantly improved on-site practices through
pollution reduction programs. NSW Government agencies, local government and community
groups are working together on wetland rehabilitation projects. Estuarine conditions have
been restored to large expanses of wetland areas by reinstating tidal flows. Extensive
wetland rehabilitation in the lower and mid estuary, stream bank restoration and the
reintroduction of riparian vegetation along the riverbanks have improved water quality, by
filtering sediment and nutrients from water flowing from the catchment.

Water quality monitoring program 2014–15
High concentrations of ammonia, nitrate and phosphates persist in the Hunter River estuary,
despite the improvement in water quality since 2000. Concentrations of ammonia, nitrate and
phosphates usually exceed national guidelines for water quality and NSW trigger values6.
Compliance against a guideline or 'trigger value' is commonly used to assess the status of a
condition indicator. Exceeding the trigger value frequently, or by a large extent, should
‘trigger’ further investigation or management action. The highest average concentrations of
nitrates and phosphates occur in the upper estuary, implicating upstream activities (e.g.
agriculture, light industry, wastewater treatment facilities) as a major source of these
nutrients to the estuary. Industrial sites and urban areas are a source of nitrate and
phosphates to the lower estuary. The highest average concentrations of ammonia occur in
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the South Arm, implying that industry is the primary source of ammonia to the estuary. Urban
inputs from Ironbark Creek also contribute to ammonia levels in the South Arm.
Chlorophyll is found in all plants and is measured in estuary waters to indicate the presence
and abundance of microscopic plants called microalgae. Microalgae use dissolved nutrients
to grow. The abundance of microalgae, and the chlorophyll concentration in water, increase
in response to increasing concentrations of dissolved inorganic nutrients. Chlorophyll
concentrations in the Hunter River estuary are often above NSW trigger values. However,
chlorophyll concentrations were not as high as expected, given the high concentrations of
nutrients in estuary waters.
Sediment in estuary waters increases the turbidity or muddiness of the water and restricts
the amount of light available to aquatic plants for growth. This includes microalgae which live
on the surface of riverbed sediments which play a critical role in recycling nutrients. Turbidity
of surface waters in the Hunter River estuary is moderate and usually higher than NSW
trigger values. The primary sources of sediment to the upper to mid estuary are historical
land-clearing in the upper catchment and agriculture, past and present. Urban areas
contribute sediment to the estuary, particularly from unsealed roads and kerbs and
construction sites. Runoff and discharges from industrial sites also deliver sediment to the
estuary.

Stormwater quality monitoring program 2015
Stormwater from some industrial sites contains high to very high concentrations of dissolved
nutrients. Monitoring of pollutant concentrations in stormwater discharges has increased in
recent years. High concentrations of dissolved zinc, copper and manganese were measured
in the lower estuary following rainfall. Zinc is a common constituent in stormwater and
process water discharged from industrial sites and is widespread in lower estuary waters.
High concentrations of dissolved zinc and manganese occurred after rainfall in urban creeks,
the South Arm and in port areas, exceeding Australian and New Zealand Environment and
Conservation Council (ANZECC) Guidelines7 in some areas. Contaminated landfill was used
during port expansion at Kooragang Island, Mayfield and Carrington. Slag, a by-product of
steel making, was used widely as landfill and is likely to be a source of dissolved metals to
estuary waters. High concentrations of dissolved copper were widespread in the lower
estuary, exceeding ANZECC guidelines in some areas. Contaminated landfill and anti-fouling
coatings used on ship hulls are likely to be current sources of dissolved copper in port areas.

Preliminary ecological assessment 2015–16
Plants are fundamental to all ecosystems, providing oxygen, food and habitat for animals in
the estuary. The preliminary ecological assessment investigated algal growth at three
different levels:
1. in estuary waters, as microalgae in suspension
2. on riverbed sediments, as microalgae on the sediment surface
3. on artificial surfaces, as macroalgae in shallow areas.
There was lower than expected algal growth in all three studies. Together, the findings
suggested that the current condition of estuary waters is limiting algal growth in the Hunter
River estuary. We propose that a combination of stressors, such as metal toxicity, nutrient
toxicity, turbidity and currents in estuary waters, are reducing algal growth in the Hunter River
estuary. Flushing of estuary waters with cleaner oceanic water is likely to be another factor
contributing to lower than expected algal growth in the lower estuary. Further research into
the effect of multiple stressors on algal growth is required to test this explanation.
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Healthy sediments play a vital role in ecosystems, producing oxygen and recycling nutrients.
Ammonia and nitrates are converted to nitrogen gas by microbes living on the surface of
healthy sediments. This removes surplus nutrients from estuary waters. However, unhealthy
sediments become a source of nutrients to estuary waters. The preliminary ecological
assessment looked at two aspects of sediment condition in the Hunter River estuary:
1. oxygen production and consumption by the microbial community living on the surface of
riverbed sediments
2. contamination of sediments by heavy metals and hydrocarbons.
Sediment was found to be in very poor condition in Throsby Creek, and in poor condition in
the mid South Arm. Sediment condition was poor due to high levels of heavy metals and
hydrocarbons in some areas. Sediments in Throsby Creek and mid South Arm also showed
high rates of oxygen consumption by microbes and indicates that important microbial
processes which recycle nutrients are impaired.

Health of the Hunter – Hunter River estuary
report card 2016
OEH combined the findings of the literature review, the water quality and stormwater
monitoring reports and the preliminary ecological assessment to develop the Health of the
Hunter – Hunter River estuary report card 2016 which can be easily understood5.

Conclusion and recommendations
Diffuse pollution from agricultural, urban and industrial areas surrounding the estuary is
substantial following rainfall in the catchment. Point source pollution from industrial sites,
however, contributes large amounts of pollutants daily to the lower estuary in wastewater and
stormwater discharges. Point source pollution differs from diffuse pollution as it is a constant
source of pollutants to the estuary resulting from continuous discharges of wastewater. Point
source pollution is also easier to manage and reduce than sources of diffuse pollution.
•
•
•

•

Reducing pollution from industrial sources is recommended to achieve further gains in
the condition of the Hunter River estuary in the short to medium term.
Education is recommended to change behaviour among farmers and the community to
achieve reductions in diffuse pollution from agricultural and urban areas.
More research is recommended to identify diffuse sources of pollution to the lower
Hunter River estuary, such as contaminated groundwater draining from land reclaimed
with industrial waste.
Further monitoring of water quality and ecological processes in the estuary is
recommended to build a long-term dataset. The water quality and ecological data
collected by OEH forms a baseline against which future developments in the catchment
can be assessed. Access to a long-term data base would allow stakeholders to detect
changes in conditions that result from management and regulatory actions in the
catchment.
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1

Introduction

Estuaries occur along the coast where fresh waters from inland rivers and rainfall meet
ocean waters. The Hunter River estuary includes the tidal sections of the Hunter River and
its tributary rivers and creeks. The Hunter River catchment is one of the largest in New South
Wales, covering 22,000 square kilometres. The catchment surrounding the Hunter River
estuary has been highly modified by agriculture and urban and industrial development.
Newcastle, on the southern banks of the estuary, is the second largest city in New South
Wales. The Port of Newcastle in the lower estuary is now the world’s largest port for
exporting coal. Adjacent to the heavily industrialised areas lies the Hunter Estuary National
Park, a cluster of wetlands that are highly valued by the community for their ecological
importance and recreational amenity8. The significance of the Hunter estuary wetlands to
NSW shorebird and migratory bird populations has been recognised internationally. The area
known as the Kooragang Wetlands gained Ramsar-listing in 1984 and the Hunter Wetlands
Centre Australia, formerly the Shortland Wetlands, was added to the Ramsar list in 2002.
Polluted water enters estuaries from diffuse and point sources. Stormwater runs off
agricultural and urban areas, over lawns and forest and farmland, and permeates into
groundwater. Surface and groundwater flows transport pollutants such as excess nutrients,
sediments and heavy metals to the estuary. Point sources are points at which known
pollutants are discharged to waterways. Examples of point source pollution include
discharges of industrial wastewater or stormwater from industrial sites, and discharges of
treated effluent from wastewater treatment works.
Water quality in the Hunter River estuary has not been assessed on a broad scale for over a
decade. Since 2000, land use and activities in the Port of Newcastle have changed
considerably and the population in the region has also grown. The current status of water
quality in the Hunter River estuary was not known in 2014. Government agencies identified
the need for this information in order to guide future management of land and water in the
catchment and to regulate industries operating on the harbour. The closure of BHP
Steelworks at Mayfield North and the remediation of this site released 200 hectares of
riverside land for further port development. Established industries also are looking to expand
their operations. There is growing expectation in the wider community that further port
expansion be sustainable, without further impacts on the health of the Hunter River estuary.
Some local industries claim that urban pollution currently has a more detrimental impact on
the condition of the lower Hunter River estuary than industrial pollution. Current water quality
data in the estuary was required to address this debate among stakeholders.
In 2014, the NSW Land and Environment Court imposed penalties on Orica Australia Pty Ltd
for a number of polluting incidents at their Kooragang and Botany facilities in 2010–11. The
monetary penalty was directed to fund projects aimed at restoring and enhancing the
environment for the benefit of affected neighbouring communities. Part of the environmental
service order was issued to the Office of Environment and Heritage (OEH) to fund the Lower
Hunter River Health Monitoring Program, which included:
•

a review of available literature and environmental monitoring data collected in the Hunter
River estuary to assess the impact of industrial pollution on the past and current
condition of the Hunter River estuary1
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•
•

a water quality monitoring program to assess current water quality in the estuary under a
range of typical conditions2
a stormwater quality monitoring program, after and during rain events, to identify current
sources of pollutants in stormwater delivered to the lower Hunter estuary3.

OEH also carried out a preliminary ecological assessment in the lower- to mid-estuary to
determine if ecological processes were functioning in the expected range or were impaired4.
This report summarises the main findings of these studies. Full details can be found in
technical reports which are all available on the OEH Lower Hunter River Health Monitoring
Program webpage. Findings were used by OEH to develop the Health of the Hunter – Hunter
River estuary report card 2016, also available on the OEH Lower Hunter River Health
Monitoring Program webpage. Tables 1 and 2 in this report (from the Health of the Hunter –
Hunter River estuary report card 2016) summarise the main findings from the Lower Hunter
River Monitoring Program and the preliminary ecological assessment.

2

Lower Hunter River Health Monitoring Program –
Project summary report

2

Impact of industrial pollution on past
and current condition

Before the industrial pollution of the 1900s, the first assault on the Hunter River estuary came
from the destruction of the landscape in the upper catchment. Extensive land clearing for
timber and agriculture in the upper catchment throughout the 1800s led to the worst case of
land erosion in the country. To this day, large amounts of dirt (sediment) are transported to
the estuary during large flood events, as occurred during the large storm event in April 2015.
Regulation of waste from industry was non-existent for most of last century. Untreated
industrial waste laden with acids, phenols, ammonia, cyanide and metals was discharged
directly to the Hunter River. Additionally, environmentally destructive agricultural practices
and growth of urban areas delivered pesticides, sediment and nutrients, such as ammonia,
nitrate and phosphates, to the estuary. By the 1970s, there was a chronic, as well as an
acute, pollution problem in the Hunter River estuary. Concentrations of ammonia, nitrates
and phosphates in the estuary were in the order of 50 times higher than the national water
quality guidelines. Discharges of industrial wastewater to the estuary led to the accumulation
of heavy metals, polyaromatic hydrocarbons, total petroleum hydrocarbons and
organochlorine compounds in riverbed sediments. Riverbed sediments in Throsby Creek and
Throsby Basin are heavily contaminated with these industrial pollutants. Throsby Basin has
not been dredged in over 20 years, due to the extremely high level of contamination of the
sediments. Dredging for shipping access in the main channel and in lower South Arm has
removed much of the contaminant load in port areas over the years.
Contaminated sites pose a threat to the continued improvement of water quality in the lower
Hunter River estuary. Industrial waste was used extensively as landfill during the
development and expansion of the port on reclaimed land around Carrington, Mayfield and
Kooragang Island. Whole equipment and by-products of industrial processes were routinely
dumped, untreated, to landfill. For example, slag is a by-product of smelting and steelmaking
which contains heavy metals and other industrial chemicals. Slag and other waste from the
copper smelter that was situated at Mayfield prior to 1900 was used to fill Platts Channel
during the construction of the BHP Steelworks. Later, slag from operations at BHP
steelworks was widely used as landfill in the lower estuary. The Kooragang Dykes in the
North Arm were constructed of slag. Ammonia and nitrates are common by-products of
industrial processes. Historically, this led to the contamination of industrial land, groundwater
and nearby river sediments with ammonia and nitrate1,9.
Contaminants from past landfills can leach into the watertable and pollute groundwater. Port
activities are situated on reclaimed land, and regulation under the Contaminated Land
Management Act 1997 will lead to improved management of these sites. Remediation of
lands that are contaminated is a long-term process. This is partly due to the requirement for
extensive monitoring of contaminants on the site over a number of years.
Contaminated landfill also was used in suburban areas around the Port of Newcastle. There
are no records detailing the composition or location of landfill. It is likely that a number of
areas surrounding the port are discharging contaminated groundwater to estuary waters. A
detailed assessment of groundwater flow to estuary waters would assist in the identification
of hotspots for groundwater pollution in the lower, mid and upper estuary.
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3

Water quality monitoring program
2014–15

3.1

How do we assess estuary health?

Estuary health is the proper ecological functioning of the estuary. It is best measured as
ecological outcomes, and is influenced by the status of a variety of physical and chemical
properties collectively called ‘water quality’. For example salinity, pH, temperature and
dissolved oxygen are measured routinely in water quality assessments. Concentrations of
nutrients and suspended solids (including sediment) in estuary waters are measured
occasionally in some programs. Estuary health cannot be assessed by measuring water
quality alone. These data, however, can provide insight on inputs of pollutants to the system,
such as nutrients and sediment, under a given set of environmental conditions.
The NSW Government has guidelines for monitoring the condition of the State’s natural
resources which are outlined in the NSW Natural Resources Monitoring, Evaluation and
Reporting Strategy, or MER program6,10. These guidelines specify two components to
assessing estuary health. The first is to determine the pressures on the system, by
identifying the land uses in the catchment and the pollutants delivered to the estuary. Each
land use or ‘activity’ in the catchment constitutes a ‘pressure’ on the estuary’s ecosystem.
Most activities on land generate pollutants that are transported to the estuary in urban
stormwater, rainfall runoff and groundwater.
Conceptual diagrams illustrate how land use and activities in a heavily modified catchment
(Figure 1) and a slightly modified catchment (Figure 2) lead to differing amounts of pollutants
being delivered to the estuary. The main pollutants from agricultural and urban areas that
affect estuary health are dissolved inorganic nutrients (ammonia, nitrates and phosphates)
and sediment (dirt) which are delivered in stormwater runoff. Industrial areas also generate
pollutants such as heavy metals, acids and hydrocarbons which may be discharged to the
nearest waterway.
The second component in assessing estuary health is to determine the condition of the
ecosystem. The condition can be inferred from the response of biological ‘indicators’ (i.e.
living organisms) to the ‘pressures’ on the system. The level of chlorophyll in water samples
is the simplest biological indicator to measure. Chlorophyll is used to indicate the presence
and abundance of tiny microscopic plants, called microalgae, in water. Other biological
indicators that can be used to assess estuary condition are the presence and condition of
plants called macrophytes, which include seagrass, macroalgae, saltmarsh and mangroves.
Fish and macro-invertebrates, including crabs, prawns, oysters, and worms, are also used as
biological indicators of estuary health.
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Figure 1: Conceptual diagram of the highly modified catchment of the Hunter River showing
activities in the catchment (pressures) that lead to inputs (stressors) of pollutants to the
estuary

Figure 2: Conceptual diagram of a riverine estuary with a slightly modified catchment and a
healthier ecosystem that supports a variety of aquatic and estuarine plants (mangroves,
saltmarsh, seagrass) and animal life – thereby maintaining ecosystem, recreational and
aquaculture values.

3.2

Interpretation of water quality data

The national water quality guidelines (ANZECC guidelines) provide criteria for physical and
chemical properties measured in water quality assessments, such as pH, temperature and
dissolved oxygen7. The ANZECC guidelines also provide criteria for screening of pollutant
concentrations, for example, levels of nutrients, dissolved metals and hydrocarbons, in
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groundwater or surface waters, for the protection of marine ecosystems. ANZECC guidelines
provide ‘default’ trigger values, and should be replaced by trigger values based on local
monitoring data when they become available7. The NSW trigger values have been developed
specifically for NSW estuaries6. OEH has used water quality monitoring data collected in
NSW estuaries for the statewide MER program to develop the NSW trigger values6.

3.3

Water quality in the Hunter River estuary 2014–15

OEH implemented a water quality monitoring program from August 2014 to March 2015 to
assess current water quality in the Hunter River estuary2. Water quality was assessed in
surface waters in the main channel of the estuary water under a range of typical weather
conditions. Standard water quality variables (pH, temperature, salinity, electrical conductivity,
dissolved oxygen) were assessed each month at 14 sampling points in the lower, mid and
upper estuary (Figure 3). Turbidity, total suspended solids, nutrients and chlorophyll were
also assessed.

3.3.1
•

•
•
•

•

Ammonia, nitrates and phosphates are dissolved inorganic nutrients. Dissolved inorganic
nutrients are simple chemicals that are easily taken up by plants and used for growth.
They are of most concern to estuarine scientists because excessive amounts can fuel
rapid algal growth.
Concentrations of ammonia, nitrates and phosphate were high throughout the estuary
often exceeding NSW trigger values for coastal riverine estuaries.
Average concentrations of ammonia were highest in the South Arm suggesting that
industry is the primary source of ammonia to the estuary.
Average concentrations of nitrates and phosphate increased with distance upstream
suggesting that agricultural land use in the mid to upper catchment is the primary source
of nitrates and phosphate to the estuary.
Overall, nutrient concentrations were considerably lower than in the past (that is, before
2000).

3.3.2
•
•

•

•
•
•
•

Dissolved inorganic nutrients

Chlorophyll

Chlorophyll is found in all plants and is measured in estuary waters to indicate the
presence and abundance of microscopic plants called microalgae.
Microalgae use nutrients to grow and their abundance (and the chlorophyll
concentration) increase in response to increasing concentrations of dissolved inorganic
nutrients.
Despite the persistently high concentrations of dissolved nutrients in the Hunter estuary,
measured chlorophyll concentrations were not as high as expected and algal blooms are
rarely seen in the Hunter River estuary.
Concentrations of chlorophyll were often above NSW trigger values.
Average concentrations have decreased in the upper and mid estuary compared to pre2000 levels.
Average concentrations of chlorophyll in the lower estuary were similar to pre-2000
levels.
A possible explanation for lower than expected chlorophyll in estuary waters is that
multiple stressors, such as high concentrations of dissolved nutrients and metals,
moderate turbidity and currents, are reducing the growth of microalgae in the Hunter
River estuary2-4. This explanation warrants further investigation.
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Figure 2: Locations of the sampling points for the water quality monitoring program (orange
triangle), stormwater quality monitoring program (yellow square) and ecological assessment
(blue circle)
Not all sites used for ecological assessment are shown. Further details can be found in the technical
reports2-4.
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3.3.3
•
•
•
•

Turbidity

Moderate levels of turbidity were recorded in surface waters in the Hunter River estuary
from August 2014 to March 2015.
There were occasional high readings after periods of rainfall, particularly in Throsby
Creek and the upper estuary.
Average turbidity of surface waters of the estuary increased with distance upstream and
only just exceeded NSW trigger values.
Rainfall events have the greatest influence on increasing turbidity in the mid to upper
estuary. Resuspension of sediments by wind, dredging and shipping movements
influence turbidity in the lower estuary.
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4

Stormwater quality monitoring program
2015

OEH implemented a stormwater quality monitoring program which targeted stormwater runoff
from industrial sites and urban areas during rainfall events. This program aimed to identify
current sources of pollutants to the estuary (Figure 4). Water quality data was collected in the
vicinity of known point sources of pollution, that is, near stormwater drains and wastewater
discharges from industrial sites3. Stormwater quality in Throsby and Ironbark creeks was also
targeted to assess the contributions of diffuse pollution from urban areas. Two rain events in
April 2015 (before the big storm event of 20–21 April 2015), and one event in June 2015,
were included in the monitoring program. Water samples were collected from 14 sites in the
lower estuary and tested for common pollutants from industrialised and urbanised
catchments. Water samples were tested for nutrients, turbidity and total suspended solids,
chlorophyll, heavy metals, organic pollutants (such as hydrocarbon and organochlorine
compounds), faecal coliforms and Escherichia coli 3. A summary of the main findings follows.

4.1
•

•
•

•
•

Very high concentrations of ammonia, nitrate and phosphates were measured near
stormwater drains from the chemical and fertiliser industries on Kooragang Island
(Figure 4).
Nitrates and ammonia are also discharged to estuary waters in wastewater from
industrial sites and in treated effluent from sewage treatment plants.
Moderate concentrations of nitrates and ammonia were measured in upper Throsby
Creek, representing urban pollution from domestic use of fertilisers and cleaning
products.
There are multiple sources of dissolved nutrients to the lower estuary but the primary
sources are the chemical and fertiliser industries.
Contaminated groundwater on Kooragang Island may be leaching nitrate and ammonia
to the North Arm9.

4.2
•
•
•
•

•

Nutrients

Heavy metals and metalloids

Dissolved metals are the most damaging chemical form of metals because they can
interact with biological organisms and interrupt ecological processes.
High concentrations of dissolved zinc and manganese occurred after rainfall in the South
Arm, the port areas and in Throsby Creek.
In some areas, concentrations of dissolved zinc and manganese exceeded ANZECC
guidelines for 80% or 90% protection of marine species (Figure 4).
Zinc is a common constituent in stormwater and process water discharged from
industrial sites. Likely sources of zinc in the lower estuary are discharges from sites
involved in chemical and fertiliser production, secondary metal fabrication and the
distribution and export of metal concentrates, as well as from roofing in urban areas.
Machine wear and tear from vehicles in urban areas, on-site industrial practices and
contaminated landfill are likely sources of manganese11.
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•

•

•
•
•
•

High concentrations of dissolved copper were widespread in the lower estuary,
approaching and occasionally exceeding ANZECC guidelines for 80% or 90% protection
of marine species (Figure 4).
Leaching of dissolved copper from anti-fouling coatings on ship hulls contributes a
constant source of copper, as does fabrication, handling and distribution of metal
concentrates.
Arsenic is a common by-product of heavy industry and moderate concentrations were
measured at multiple sites.
Contaminated groundwater on Kooragang Island may be contributing to arsenic levels in
the South Arm12-13.
Contaminated sediments and contaminated landfill are likely to contribute dissolved
metals to estuary waters.
Primary stressors on the ecosystem of the Hunter River estuary are summarised in
Table 1 showing their current status and likely sources.

Figure 3: 'Hotspots’ in the lower estuary for nutrient and dissolved metal pollution based on
data collected in the stormwater quality monitoring program
The site for the manganese hotspot marked at the top of the map is Mangrove Creek in the
Kooragang Wetlands (Mangrove Creek is not shown in the frame here).
Cu = copper; Mn = manganese; Zn = zinc
Photo: Nearmap

10

Lower Hunter River Health Monitoring Program –
Project summary report

4.3
•

•

•

Water samples were screened for phenolic compounds, organochlorines, pesticides,
total petroleum hydrocarbons and polyaromatic hydrocarbons (PAH). PAH are highly
toxic chemicals that are produced from burning carbon-based fuels. PAH are found in
petrol and diesel exhaust.
Sites in upper Throsby Creek, near to and upstream of Hannell Street Bridge, were the
only sites where any organic pollutants were detected in water samples. PAH were
detected in Throsby Creek at very low concentrations.
Fuel burning and vehicle use in urban areas are likely sources of PAH in Throsby Creek.

4.4
•
•
•

•

•

•

Organic pollutants

Faecal coliforms and E. coli

Faecal pollution is primarily a human health issue but was included in this sampling
program to identify potential sources of faecal pollution in the lower estuary.
Faecal bacteria and Escherichia coli (E. coli) are bacteria that are present in faeces.
The National Health and Medical Research Council (NHMRC) Guidelines are the
guidelines that are currently used for recreational water quality. NHMRC guidelines use
Enterococci as the faecal indicator bacteria for assessments of recreational waters. The
only data available for this study were (total) faecal bacteria and E. coli so we used the
ANZECC guidelines instead. There are ANZECC guidelines for the ‘acceptable’ number
of faecal bacteria in recreational waters used for primary contact, that is, for swimming,
and secondary contact, which includes boating and wading in nearshore areas. Due to
the type of data collected and the sampling design, the faecal data collected here cannot
be used to draw conclusions on the suitability of sites for primary or secondary contact in
the lower Hunter River estuary.
Upper Throsby Creek waters contained the highest numbers of faecal bacteria, which is
typical in urban waterways following rainfall. Stormwater overflows in the sewerage
network, and broken pipes and aging infrastructure, can lead to untreated sewage
entering stormwater drains. Animal faeces, mainly from domestic dogs, are another
source of faecal bacteria in urban waterways.
Water collected from several sites in the South Arm had high numbers of faecal bacteria.
A number of smaller sewage treatment plants from industrial sites discharge to the South
Arm. Overflows from the storm storage pond at Shortland wastewater treatment facility
discharge to Ironbark Creek which flows to the South Arm.
High numbers of faecal bacteria were detected near the boat ramp on Greenleaf Road,
Kooragang Island which is a popular launch site for the local boating community. The
source of faecal bacteria at this site is unclear.
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5

Preliminary ecological assessment
2015–16

The water quality monitoring program and the stormwater quality monitoring program
identified current sources of pollutants to the estuary. Excessive levels of dissolved nutrients
and metals, and sediment in estuary waters, can become stressors on the ecosystem
(Figure 1). A number of biological ‘condition’ indicators were assessed to determine if
ecological processes in the estuary were functioning as expected or were impaired:
•
•
•
•

algal growth
riverbed sediment condition
fish assemblages
mangrove condition.

5.1

Algal growth

Plants are fundamental to all ecosystems providing oxygen, food and/or habitat for all
animals in the estuary. The preliminary ecological assessment investigated algal growth at
three different levels: in estuary waters as microalgae in suspension, on riverbed sediments
as microalgae on sediment surface, and on artificial surfaces as macroalgae in shallow
areas.
•

•

•
•

There was lower than expected algal growth in all three studies. Together the findings
suggested that the current condition of estuary waters is limiting algal growth in the
Hunter River estuary.
We propose that a combination of stressors, such as metal toxicity, nutrient toxicity, high
turbidity and currents in estuary waters, is reducing algal growth in the Hunter River
estuary.
Flushing of estuary waters with cleaner oceanic water is likely to be another factor
contributing to lower than expected algal growth in the lower estuary.
Further research into the effect of multiple stressors on algal growth is required to test
this explanation.

5.2

Riverbed sediment

Healthy sediments play a vital role in ecosystems, by producing oxygen and recycling
nutrients. Ammonia and nitrates are converted to nitrogen gas by microbes living on the
sediment surface. This recycling of nutrients by the sediment microbial community removes
surplus nutrients from estuary waters. When sediments are unhealthy they no longer recycle
nutrients. Instead, they potentially become a source of nutrients to estuary waters. The
preliminary ecological assessment looked at two aspects of sediment condition in the Hunter
River estuary:
1.
2.

oxygen production and consumption by the microbial community living on the surface of
riverbed sediments
the level of contamination of sediments by heavy metals and hydrocarbons.
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Sediments in Throsby Creek were in very poor condition and sediments in the mid South
Arm, were in poor condition. The poor condition was due to high rates of oxygen
consumption by sediment microbes and high levels of heavy metals and hydrocarbons in
these sediments. High rates of oxygen consumption imply these sediments may be a source
of nutrients to the estuary.

5.3

Fish assemblages

The number of species caught from sandy bottom sites (i.e. bare of vegetation) in Throsby
Creek, the South Arm and North Arm of the Hunter River was comparable to the number of
species collected from similar habitats in the lower Myall River. Ulcers or red spot disease
were not noted on any fish caught at any location. Fish diversity and abundance at the three
sites sampled in the Hunter River estuary was comparable to data collected from similar
habitats in other estuaries.

5.4

Mangrove condition

Mangrove condition was assessed by looking at different types of damage to mangrove
leaves14. Evidence of herbivory (chewing) and other insect activity on leaves (galls, pits,
mines) are expected interactions between insects and plants in a healthy ecosystem.
Proportions of leaves that were whole, chewed, had galls/pits/mines and bore dead tissue
were assessed.
Using this basic method, the leaves from mangrove trees in Throsby Creek, South Arm and
Kooragang Island appeared to be in poor condition. Leaves from trees on Kooragang Island
and the South Arm were coated with fine black particles and branches were grey in colour.
Leaves from mangrove trees in the North Arm appeared to be in better condition than other
locations with fewer leaves bearing dead tissue.
Leaves from mangrove trees in the Hunter River estuary showed lower rates of herbivory
and a higher proportion of whole leaves, than mangrove leaves from other estuaries (lower
Myall River, Pindimar Bay and Salamander Bay). This result suggests that plant–insect
interactions such as herbivory may be less than expected in some areas of the lower Hunter
River estuary.
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6

Health of the Hunter – Hunter River
estuary report card 2016

6.1

Stressors in the Hunter River estuary

Table 1: Stressors in the Hunter River estuary – current status and sources

Table 1 in html
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6.2

Ecological status of the Hunter River estuary

Table 2: Status of water quality, pollutant inputs and biological indicators in the Hunter River
estuary 2014–16

Grades were assigned by OEH and were based on comparison of data to known standards
(e.g. ANZECC guidelines), published data or research by OEH1-8.

Table 2 in html
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7

Conclusions and recommendations

The Hunter River estuary is considered to be a degraded and highly disturbed ecosystem in
the lower reaches of the harbour and at the Port of Newcastle. The rapid decline in the
condition of the Hunter River estuary throughout last century was the result of multiple
pressures on the system. The destruction of wetlands, floodplains and riparian (riverside)
vegetation removed an important buffer between the estuary and the catchment. When
functioning properly, these habitats improve water quality by removing excess nutrients and
sediment from estuary waters, and by filtering nutrients and sediment from stormwater. In
recent years, wetlands at Kooragang Island, Tomago and Hexham Swamp have been
extensively rehabilitated returning tidal flows and native plants and animals to these vital
estuarine habitats. These projects have restored and rehabilitated wetlands in the Hunter
River estuary and have improved water quality, and the quality of wildlife and fish habitat, in
some areas of the estuary.
The presence of healthy seagrass in an estuary is a sign of a healthy estuary. There have
been no formal observations of seagrass in the Hunter River since European settlement.
Anecdotal stories from the late 1800s of the species of fish previously caught in the Hunter
imply that seagrass was once present in the estuary. The loss of seagrass from the Hunter
estuary was probably the result of increased turbidity in estuary waters. The extensive land
and bank erosion in the catchment leads to large amounts of sediment entering the estuary
after rainfall. High levels of sediment in the water reduces the amount of light that can
penetrate the water for plant growing on the riverbed. Excess sediment can also smother
submerged plants.
Concentrations of ammonia, nitrates and phosphates were high throughout the estuary under
a range of typical weather conditions. There is a wide range of sources of dissolved nutrients
to the estuary. These include stormwater runoff from agricultural and urban areas, and
stormwater and wastewater discharges from industry (Table 1). Concentrations of ammonia,
nitrate and phosphates often exceeded NSW trigger values for coastal riverine estuaries. In
spite of these exceedances, concentrations of ammonia, nitrates and phosphates are
considerably lower today when compared to pre-2000 levels1,2. Chlorophyll concentrations
were not as high as expected in the estuary given the high concentrations of dissolved
nutrients. It is possible that multiple stressors are having a negative impact of algal growth in
the estuary.
High concentrations of dissolved zinc, copper and manganese were detected in lower
estuary waters following rainfall. In some areas, concentrations of dissolved metals
exceeded ANZECC guidelines for 80% protection of marine species. There are a number of
current sources of dissolved metals to the estuary including industrial wastewater (Table 1).
Legacy contamination from the heavy industry in the area is also contributing to the metal
pollution in the estuary. The wide distribution of dissolved metals in the lower estuary
following rainfall raised a number of questions which need to be addressed in future
monitoring. For example:
1. What are the concentrations of dissolved metals in mid estuary and upper estuary waters
following rainfall?
2. What are the concentrations of dissolved metals in lower, mid and upper estuary waters
during dry weather conditions?
3. How long do high concentrations of dissolved metals persist in estuary waters following
rainfall?
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This data is required in order to understand the extent to which, if at all, dissolved metals in
estuary waters are impairing ecological processes, in particular algal growth.
The preliminary ecological assessment demonstrated that ecological processes are impaired
in some areas of the Hunter River estuary. Algal growth appears to be limited in the lower
estuary. Lower than expected microalgal growth was observed in the water and on riverbed
sediments. Lower than expected growth of algae on artificial surfaces submerged in shallow
areas was also observed. It is possible that multiple stressors, such as heavy metals and low
light from turbidity, are having a negative effect on algal growth. Laboratory experiments can
test this theory. Sediment condition was found to be very poor in Throsby Creek and poor in
the mid South Arm. Poor sediment condition was due to high levels of heavy metals and
hydrocarbons in these sediments. High rates of oxygen consumption were also observed in
sediments from these areas. Sediments from the North Arm were in healthier condition.
Diffuse pollution from agricultural land use in the upper estuary and from urban and industrial
areas in the lower estuary is substantial. Point source pollution from industrial sites
contributes large amounts of pollutants to the lower estuary in wastewater and stormwater
discharges. Point source pollution differs from diffuse pollution as it is a constant source of
pollutants to the estuary resulting from continuous discharges of wastewater. Point source
pollution is also easier to manage and reduce than sources of diffuse pollution. Further gains
in the condition of the Hunter River estuary in the short to medium term can best be achieved
by reducing pollution from industrial sources. Industry and the NSW Environment Protection
Authority (EPA) are working together to continue to reduce the total amount of pollutants in
stormwater and wastewater being discharged from industrial sites. Education could lead to
behaviour change among farmers and the community, resulting in a reduction in diffuse
pollution from agricultural and urban areas. More research is required to identify diffuse
sources of pollution to the lower Hunter River estuary, such as from contaminated
groundwater draining from reclaimed land infilled with industrial waste.
The water quality and ecological data collected by OEH forms a baseline against which
future developments in the catchment can be assessed. Future monitoring of water quality
and ecological processes in the estuary is recommended to build a long-term dataset. This
would allow stakeholders to detect changes in conditions that result from management and
regulatory actions in the catchment.
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