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Executive summary
In 2014 the NSW Land and Environment Court imposed penalties on Orica Australia Pty Ltd
for a number of pollution incidents at their Kooragang and Botany facilities in 2010–11. The
monetary penalty was paid to local and state government agencies 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 NSW Office of
Environment and Heritage (OEH) to fund the Lower Hunter River Health Monitoring Program
to assess current water quality in the estuary. Very little water quality data has been collected
in the Hunter estuary in the past decade in which time land use and activities in the Port of
Newcastle have changed considerably, and the population in the region has also grown.
The Hunter Estuary Processes Study (MHL 2003) was the last body of work to assess water
quality in the Hunter River estuary on a broad scale. The Hunter Estuary Processes Study
found that water quality issues appeared to be related to excessive levels of nutrients, high
turbidity levels and high concentrations of chlorophyll-a. Water quality variables often
exceeded Australian and New Zealand Environment and Conservation Council (ANZECC)
guidelines with mean chlorophyll-a concentrations in the upper and lower estuary being 22
and 2–7 micrograms per litre (µg/L), respectively. Mean turbidity in the estuary was 15
nephelometric turbidity units (NTU) with higher readings in the upper estuary where a
maximum of 260NTU was recorded. In order to assess the current condition of the Hunter
River estuary, OEH reviewed the literature and available environmental and monitoring data
and implemented a water quality monitoring program in the estuary.
The water quality monitoring program ran from August 2014 to March 2015 and included 14
sites in the lower, mid and upper Hunter River estuary. Physico-chemical parameters of pH,
salinity, specific conductivity and dissolved oxygen were recorded each month using a multiparameter water quality sonde. Water samples were collected at each site for turbidity, total
suspended solids, nutrients analyses (total nitrogen and phosphorous, constituent inorganic
nitrogen compounds and phosphate) and the biological indicator of chlorophyll-a. Estuary
health assessments often include an additional biological indicator such as seagrass depth
range, however, seagrass does not grow in the Hunter River estuary. Other biological
indicators that could be used to assess the health of the Hunter River estuary in future
include fish assemblages and algal epiphyte growth on pneumatophores.
The Hunter River can have high turbidity following rainfall primarily as a result of land and
bank erosion in the mid to upper catchment exporting fine sediments to the river. In 2014–15,
mean turbidity in surface waters in the lower estuary was 3.9NTU, increasing to 8.9NTU in
the mid estuary and 15NTU in the upper estuary. There were occasional readings above
50NTU in the upper estuary, however, median values for turbidity only increased slightly with
distance upstream (as median is not influenced by rare high readings). Median values for
turbidity in the Hunter River estuary only just exceeded NSW trigger values for coastal
riverine estuaries. Turbidity is likely to be one factor contributing to lower than expected
chlorophyll-a concentrations in the Hunter River estuary given the high levels of nutrients in
the system.
Concentrations of inorganic nutrients ammonia, nitrate and nitrite (NOx) and phosphate were
high throughout the estuary often exceeding NSW trigger values for coastal riverine
estuaries. Median concentrations of ammonia were highest in the South Arm suggesting that
industry is the primary source of ammonia to the estuary. Median concentrations of NOx and
phosphate increased with distance upstream. Nutrient concentrations measured during this
study were considerably lower than in the past, however, process wastewater, groundwater
and stormwater discharges from industrial sites are contributing to sustained high
concentrations in the South Arm of the Hunter River. While the nutrient load being
discharged from some industries has been significantly reduced in recent years, there is
potential for further reductions.
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Median chlorophyll-a concentrations were below 5µg/L at most sites although concentrations
as high as 30µg/L were occasionally recorded after rainfall. Chlorophyll-a concentrations in
the upper estuary have reduced considerably in the past two decades, from a mean of
22µg/L (MHL 2003) to a mean of 5.5µg/L in this monitoring program. Mean concentrations in
the lower estuary have not changed (from 2–7µg/L to 4.2µg/L). Despite the persistently high
concentrations of inorganic nutrients in the water column, chlorophyll-a levels are not as high
as one would expect and algal blooms are rarely seen in the Hunter River estuary. This
observation may be the outcome of multiple stressors (moderate to high turbidity, high
concentrations of dissolved nutrients and dissolved metals) acting synergistically to negate
the optimal growth of microalgae. Flushing of the lower estuary with cleaner oceanic waters
is also likely to be keeping algal growth to a minimum.
Water quality data suggests that inputs of pollutants from land use in the upper to middle
catchment (i.e. agriculture, light industry and urban areas), as well as inputs from industrial
and urban land use in the mid to lower catchment, are all contributing to the degradation of
water quality in the Hunter River estuary. Estuary waters contain excessive levels of nitrates
and phosphates but particularly so in the upper estuary implicating agriculture as the primary
source. In the lower estuary, urban and industrial sources of NOx are implied while industry
is the primary source of ammonia. While agricultural land use (and destructive land-clearing
practices of bygone eras) is the primary source of sediment to the estuary, urban and
industrial inputs contribute to sediment loads in the lower estuary.
Water quality data collected during the monitoring program was in line with the NSW Natural
Resources Monitoring, Evaluation and Reporting (MER) protocol. The data were used to
generate the Health of the Hunter – Hunter River estuary report card 2016, with grades given
to the lower, mid and upper estuary based on comparison to the statewide MER dataset.
Grades on report cards are usually based on a combined score for water quality (only using
turbidity and chlorophyll-a data) and seagrass distribution in the estuary. Seagrass does not
grow in the Hunter estuary so other biological indicators will need to be assessed in order to
provide a more comprehensive assessment of the estuary health. Based on water quality
alone, the lower Hunter River estuary scored a ‘B’ grading, while the mid and upper estuaries
both scored a ‘C’ grading. The 2014 upper estuary grade ‘C’ can be directly compared to the
MER grades for the Hunter River estuary for 2010 (‘D’) and 2013 (‘C’). Water quality may
have improved in the upper estuary since 2010 but it is also likely that the ‘D’ grading was
influenced by breaking drought conditions impacting water quality.
Water quality in the lower estuary has improved in the past 15 years with the closure of the
BHP Steelworks, tighter monitoring and regulation of industrial discharges, and
improvements in industrial site management leading to a reduction in pollutant loads in
stormwater. While the lower estuary scored a ‘B’ grade for water quality it is important to
realise that this grade is based solely on turbidity and chlorophyll-a data. Concentrations of
chlorophyll-a, a biological indicator, were lower than we would expect given the high
concentrations of ammonia, NOx and phosphate, which always exceeded NSW trigger
values in the lower estuary. A grade of ‘B’ for the lower estuary is an overly optimistic score
that does not reflect the high concentrations of dissolved inorganic nutrients and dissolved
metals that occur in estuary waters. Further investigations of the impacts of decades of
pollution on the condition of additional biological indicators (for example, fish and
macroinvertebrate assemblages, sediment microbes) is warranted.
The water quality data collected during this program forms a baseline dataset against which
future developments in the lower catchment can be assessed. MER assesses the health of
the upper Hunter River estuary every three years, however, more frequent monitoring of all
regions of the estuary is recommended to build a long-term dataset which can be used by
stakeholders to detect change in condition as a result of management and regulatory actions
in the heavily urbanised and industrialised catchment.
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1

Introduction

The Hunter River catchment is highly modified and one of the largest in New South Wales
covering an area of 22,000 square kilometres. There are multiple stressors on the Hunter
River estuary with substantial inputs from three different types of land use: rural, urban and
industrial. The lower Hunter River catchment is both heavily urbanised and industrialised,
supporting NSW’s second largest town, Newcastle, and the Port of Newcastle, which is now
the worlds’ largest coal-exporting port. The inputs of pollutants from rural catchments
upstream are another stressor on the system. Amongst the heavily industrialised and
urbanised catchments lies the Hunter Estuary National Park comprising Kooragang
Wetlands, Hexham Swamp, Stockton Sandspit and Tomago Wetlands (Figure 1).
The Hunter Estuary Wetlands Ramsar site is made up of the former Kooragang Nature
Reserve (listed in 1984 and now part of the Hunter Wetlands National Park) and Hunter
Wetlands Centre Australia (listed in 2002). The Hunter wetlands are highly valued by the
community for their ecological importance and recreational amenity.
The pollutants that most commonly affect estuarine processes are excess nutrients (nitrogen
and phosphorus) and suspended sediments which are delivered to the estuary in catchment
runoff (Bartley et al. 2012). The following conceptual diagrams contrast catchment pressures
and ecological outcomes for estuaries that have a highly modified catchment (Figure 1:
Hunter River catchment) versus a slightly modified catchment (Figure 2).

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
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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.

The Hunter River can have high turbidity following rainfall as a result of extensive land and
riverbank erosion in the mid to upper catchment. Shipping activity in the lower estuary leads
to frequent spikes in turbidity in excess of 50NTU. Concentrations of ammonia, NOx and
phosphates in the estuary from the 1970s to the 1990s were up to 50 times above ANZECC
water quality guidelines (Sanderson & Redden 2001). Limited water quality data from recent
years suggests that levels of dissolved nutrients still exceed ANZECC guidelines but are well
below historical values (when industrial discharges were completely unregulated). Decades
of industrial pollution have resulted in the lower reaches of the Hunter River South Arm being
defined as a highly disturbed ecosystem, or Condition 3 Ecosystem (ANZECC 2000).
Moderate to high turbidity in the Hunter estuary coupled with strong tidal currents and mixing
limits phytoplankton growth such that algal blooms do not occur in the lower estuary despite
the high nutrient loads (MHL 2003).
The closure of BHP Steelworks at Mayfield North in 1999 and the remediation of this site
have resulted in the release of 200 hectares of riverside land for further port development.
An aim of this project was to address growing community concerns regarding port expansion
by collating available data and implementing a water quality monitoring program in the
estuary. First, OEH reviewed the literature and available data to quantify the extent to which
the cluster of heavy industries has impacted the health of the estuary (Swanson et al.
2017a). Following the review, OEH implemented:
1.
2.

a water quality monitoring program in the Hunter River estuary to assess water quality
under a range of typical weather conditions (this report)
an event-based stormwater quality monitoring program to identify current sources of
pollutants to the lower estuary (Swanson et al. 2017b).
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Data collected in the stormwater quality monitoring program is reported elsewhere (Swanson
et al. 2017b). All data collected by OEH for the Lower Hunter River Health Monitoring
Program are summarised in the Project Summary Report (Swanson et al. 2017c).
The water quality data collected in these programs forms a baseline dataset against which
future developments in the lower catchment can be assessed. Future monitoring is
recommended to build a long-term dataset for detecting change in condition as a result of
management and regulatory actions in the heavily urbanised and industrialised catchment.
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2

Monitoring parameters

Turbidity, chlorophyll-a and change in seagrass extent are considered to be appropriate
measures of estuary ecological health as they are indicators of ecosystem performance in
response to catchment pressure. The concentration of chlorophyll-a in the water column is a
biological indicator reflecting phytoplankton biomass, and typically reflects the nutrient load.
Turbidity measurements indicate water clarity where high turbidity can result in a reduction of
light available for photosynthesis, limiting algal and seagrass growth. These indicators are
consistent with the NSW Natural Resources Monitoring, Evaluation and Reporting (MER)
Program (Roper et al. 2011). Seagrass does not grow in the Hunter River estuary so
alternative biological indicators require assessment in the estuary, such as algal epiphyte
abundance on pneumatophores. Assessment of additional biological indicators in the Hunter
River estuary was beyond the scope of this project. OEH undertook a preliminary ecological
assessment of the lower Hunter River estuary in 2015–16 as an additional study (Swanson
et al. 2017d).
In addition to the condition indicators of turbidity and chlorophyll-a, physico-chemical
parameters were assessed including pH, temperature (°C), salinity (parts per thousand: ppt),
specific conductivity (milliSiemens per centimetre: mS/cm) and dissolved oxygen (%ODO,
mg/L). Water samples were also collected at each site for analysis of total suspended solids
(TSS) and nutrients (total nitrogen and phosphorous in particulate and dissolved forms,
nitrate/nitrite, ammonia and phosphates). Turbidity and chlorophyll-a data collected from
NSW estuaries by OEH for the MER program have been used to develop trigger values
specific to NSW estuaries (OEH 2016). 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.Table 1 shows trigger values established for NSW coastal rivers that were generated
from a statewide dataset monitoring estuary health as part of the NSW MER program.
Table 1: Trigger values for nutrients and condition indicators for NSW coastal riverine
estuaries derived from the NSW MER program (OEH 2016)
Trigger values are dependent on salinity therefore different trigger values apply in lower, mid and upper regions
of riverine estuaries.

Nutrients and
indicators (µg/L)

Lower riverine
estuaries (>25ppt*)

Mid riverine
estuaries (10–25ppt)*

Upper riverine
estuaries (<10ppt*)

Ammonia

8

32

51

Phosphate

2.8

4.9

3.5

NOx

5.1

36.6

46

Si

638

1268

2488

TDP

6.5

8

6.4

TDN

189

327

520

TP

10.3

18

15

TN

205

380

608

Chlorophyll-a

2.3

4.3

4.8

Turbidity (NTU)

2.8

2.6

6

* ppt = parts per thousand (salinity); NOx: nitrate and nitrite; Si: silica; TDP: total dissolved phosphorous; TDN:
total dissolved nitrogen; TP: total phosphorous; TN: total nitrogen
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3

Site selection and methodology

The water quality monitoring program ran from August 2014 to March 2015 and included
monthly sampling at 14 sites in the lower, mid and upper Hunter River estuary (Figure 3).
The 14th site (HNT1.5) was added in November 2014. Sites were chosen in well-defined
functional reaches of the estuary in order to broadly characterise current conditions across
the estuary. The monitoring sites are broadly targeting the different sources of inputs to the
lower Hunter River. Inputs from rural catchments further upstream are likely to be somewhat
attenuated in-stream whereas inputs from the heavily urbanised and industrialised areas are
unlikely to be attenuated in the lower estuary.

Figure 2: The location of sites in the Hunter River estuary used for the water quality monitoring
program
Six sites were in the lower estuary (NH, SA1, SA2, HNT1, HNT1.5, HNT2), four sites each in the middle (FC,
SA3, HNT3, HNT4) and upper estuary (HNT5, HNT6, HNT7, WIL). The locations of Australian weather stations at
Nobbys Headland (61055), University of Newcastle (61390), Williamtown (61078) and Raymond Terrace (61031)
are shown.

3.1

Rainfall

The location of four Australian weather stations in the catchment of the Hunter River estuary
are shown in Figure 3: Nobbys Headland (61055), University of Newcastle (61390),
Williamtown (61078) and Raymond Terrace (61031). Rainfall during the monitoring program
was assessed to provide information on the ambient weather conditions at the time of each
sampling.
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3.2

Physico-chemical parameters

Water quality sampling occurred on the incoming tide whenever possible. At each site,
physico-chemical parameters were recorded using a multi-parameter water quality sonde
which was held below the surface (20–40 centimetres depth) for approximately 1 minute and
then the sonde was lowered slowly to the bottom for depth readings and a vertical profile of
parameters. Recorded data were checked for quality control and assurance discarding any
anomalous readings. The water quality sonde also measured turbidity and chlorophyll-a in
the water column, however, these indicators were also measured in water samples in the
laboratory and this data was used in preference as it is more accurate than data collected by
the sonde. Integrated water samples were collected from the surface to 1.5 metres depth
over a 2-minute drift, pooling samples in a 10-litre bucket to be used for chlorophyll-a, total
suspended solids, turbidity and nutrient analyses. Integrated water samples provided a
representative sample of surface waters at the site and are termed ‘water’ below.

3.3

Nutrients

A 50-millilitre (ml) syringe was used to transfer 25ml of water to sterile 30ml tube (unfiltered)
taking care not to contaminate the integrated sample by hand contact. Two water samples
(25ml) were filtered (0.45µm) into sterile 30ml tubes. Samples were kept on ice and frozen
immediately upon return to the laboratory. The unfiltered water sample was analysed for
total nitrogen (TN: µg N/L) and total phosphorous (TP: µg P/L). Filtered water samples were
analysed for total dissolved nitrogen (TDN: µg N/L), total dissolved phosphorous (TDP: µg
P/L), ammonia (µg NH3–N/L), nitrate/nitrite (µg NOx–N/L), phosphate (µg PO43–P/L) and
silica (µg S/L).
Nutrient concentrations were determined in-house by flow injection analysis (Lachat
QuikChem 8000). NH3–N was determined by the automated phenate method, PO43––P by
the automated ascorbic acid reduction method and NOx (nitrite and nitrate) by automated
cadmium reduction. TDN and TN was measured as NOx following autoclave persulfate
digestion (Hosomi & Sudo 1986) and dissolved organic nitrogen (DON) was calculated by
difference between TDN and dissolved inorganic nitrogen (DIN -NH4+ + NO3- + NO2-). TDP
and TP were measured as PO43––P by the automated ascorbic acid reduction method
following autoclave persulfate digestion. Molybdate reactive SiO2-Si was determined by the
flow injection analysis heteropoly blue method using stannous chloride as the reducing agent
and oxalic acid to suppress phosphate interference.

3.4

Turbidity and total suspended solids

Turbidity was measured in the field using an optical turbidity sensor on a multi-parameter
water quality sonde. One litre of water was transferred to a plastic bottle and kept cool until
returning to the laboratory where it was refrigerated until analysis. The sample was analysed
for turbidity and total suspended solids (TSS) using American Public Health Association
(APHA) methods 2130B and 2540D (APHA 2012). The amount of mineral (inorganic) TSS
and organic TSS (mg/L) in the sample were determined. Salinity was determined using
APHA method 2520B (APHA 2012). Turbidity is measured in nephelometric turbidity units
(NTU) by comparing the intensity of light scattering caused by suspended particles in the
sample with a known standard using a HACH 2100 turbidmeter.

3.5

Chlorophyll-a

Water was transferred to a 110-ml plastic bottle and kept cool until returning to the
laboratory. The water sample was filtered through a glass fibre filter paper and stored in a
50-ml sterile plastic tube in the freezer until analysis. Phytoplankton cells were extracted
from the filter paper into acetone for analysis of chlorophyll-a concentration using an
instrument called a fluorometer using APHA method 10200H (APHA 2012).
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4

Results and discussion

4.1

Rainfall

Rainfall recorded at three stations in lower to mid estuary are shown in Figure 4 along with
sampling dates indicated by the red arrow. Water quality was assessed once a month with
sampling dates capturing periods of:
•
•
•

low rainfall (10–25mm total rainfall in previous seven days: 22/10/14, 25/2/15, 18/3/15)
moderate to high rainfall (>25mm total rainfall in previous seven days: 20/8/14,
18/12/14, 3/2/15)
dry conditions (<10mm total rainfall in previous seven days: 25/9/14, 25/11/14).

4.2

Salinity

The salinity recorded at all sites in the Hunter River estuary during the OEH water quality
monitoring program is shown in Figure 5. Salinity in the lower estuary remained relatively
constant at 34–35ppt due to regular flushing with oceanic water on incoming tides. Sites in
the mid estuary and upper estuary were more variable due to the greater influence of rainfall
in the catchment.

4.3

Physico-chemical parameters

Depth profiles of physico-chemical parameters were done at each site on each sampling
date. Temperature (°C), salinity (ppt), specific conductivity (mS/cm) and dissolved oxygen
(%ODO) data from each site on 20/8/14, 25/9/14 and 3/2/15 are shown in Tables 2, 3 and 4.
Profile data were averaged before reporting because very little stratification was observed at
most sites (Tables 2, 3, 4). Data from a winter, spring and summer sampling are shown to
represent a range of climatic conditions including a water temperature range of 10°C, and
dry to wet conditions.
Variable depths were recorded at individual sites over time reflecting the high sedimentation
rates in the Hunter River estuary and the dredging operations in port areas. Depth at the
South Arm sites which are not dredged (SA2, SA3) were as shallow as 1 metre with a
maximum depth of 3.2 metres revealing the extent of the dredging required in the lower
South Arm (SA1) to maintain deep water access for shipping. Depths at SA1 varied between
10.4–14.0 metres. Depth at the mid to upper estuary sites of HNT4 (Hexham), HNT5 and
HNT 6 (Raymond Terrace) varied by up to 3 metres due to sedimentation along this stretch
of the Hunter River between Raymond Terrace and Hexham (Tables 2, 3, 4). Suspended
sediment from the upper catchment flocculates and settles to the riverbed as fresher waters
meet more saline waters (the ‘saline wedge’) in the mid estuary.
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Rainfall in Newcastle Region (August 2014 - April 2015)
60

Daily rainfall at each station (mm)

50

sampling date

Uni Newc 61390
Nobbys 61055
Williamtown 61078

40

30

20

10

0

1/8/14

1/9/14

1/10/14

1/11/14

1/12/14

1/1/15

1/2/15

1/3/15

date
Figure 3: Rainfall recorded at three Australian weather stations (AWS) in the region of the lower to mid Hunter estuary
Locations of AWS 61390, 61055 and 61078 are shown in Figure 3.

8

1/4/15

Lower Hunter River Health Monitoring Program – Water Quality Monitoring Program 2014–15 report

40

Salinity (ppt)

30

20

10

0
1/9/14

1/10/14

1/11/14

1/12/14

1/1/15

1/2/15

1/3/15

1/4/15

Date
Harbour (NH)
Hunter-Mouth (HNT1)
North Arm-lower (HNT1.5)
North Arm-mid (HNT2)
North Arm-Tomago (HNT3)
South Arm-Walsh Is (SA1)
South Arm-Tourle St (SA2)
SA-Sandgate (SA3)
Fullerton Cove (FC)
Hexham (HNT4)
Heatherbrae (HNT5)
Raymond Terrace (HNT6)
Upper Hunter (HNT7)
Williams River (WIL)
Figure 4: Salinity (ppt) of surface waters at all sites throughout the OEH water quality
monitoring program
Sites in the lower reaches of the estuary are shown at the top of the graph /legend, while sites in the upper
reaches of the estuary are at the bottom of the graph/legend.
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Table 2: Averaged depth profile at each site on 20/8/14 showing physico-chemical parameters
recorded using multi-parameter water quality sonde (average ± S.D.)
Sampling occurred during a period of moderate rainfall (Figure 4).

Depth
(m)

Temperature
(C°)

Salinity (ppt)

SpCond
(mS/cm)

Dissolved
oxygen (%)

HNT1

9.5

16.0 ± 0.09

34.4 ± 0.15

52.2 ± 0.21

96.8 ± 0.10

NH

12.6

16.4 ± 0.16

34.4 ± 0.79

52.2 ± 1.07

94.7 ± 0.44

SA1

14.0

16.0 ± 0.27

34.4 ± 0.53

52.2 ± 0.72

95.6 ± 0.74

SA2

2.0

14.6 ± 0.04

25.6 ± 1.07

40.0 ± 1.52

84.2 ± 0.70

SA3

1.0

14.9 ± 0.14

22.5 ± 0.00

35.6 ± 0.01

98.9 ± 0.14

FC

1.8

13.8 ± 0.01

28.7 ± 0.07

44.4 ± 0.09

96.6 ± 0.05

HNT2

4.3

14.5 ± 0.05

30.0 ± 0.48

46.2 ± 0.67

94.6 ± 0.10

HNT3

3.5

14.6 ± 0.06

22.6 ± 0.31

35.8 ± 0.44

91.6 ± 0.22

HNT4

2.7

14.2 ± 0.09

16.7 ± 0.93

16.7 ± 0.71

93.6 ± 0.33

HNT5

4.9

14.1 ± 0.13

9.8 ± 0.45

27.2 ± 1.40

93.1 ± 0.43

HNT6

4.6

14.1 ± 0.14

7.2 ± 0.87

12.5 ± 1.40

91.0 ± 0.53

HNT7

4.8

14.0 ± 0.12

3.93 ± 1.07

7.1 ± 1.79

94.1 ± 1.54

WIL

7.9

14.2 ± 0.17

9.07 ± 2.31

15.4 ± 3.63

97.8 ± 4.04

Site

SpCond = specific conductivity; ppt = parts per thousand

Table 3: Averaged depth profile at each site on 25/9/14 showing physico-chemical parameters
recorded using multi-parameter water quality sonde (average ± S.D.)
Sampling followed a two-week dry period (Figure 4).

Depth
(m)

Temperature
(C°)

Salinity (ppt)

SpCond
(mS/cm)

Dissolved
oxygen (%)

HNT1

14.4

NH

15.0

18.2 ± 0.10

36.1± 0.05

54.5 ± 0.07

92.0 ± 1.45

18.2 ± 0.24

34.0 ± 0.19

51.6 ± 0.27

99.0 ± 1.53

SA1

14.4

18.6 ± 0.03

34.8 ± 0.26

52.7± 0.36

94.0 ± 0.51

SA2

3.3

18.6 ± 0.01

34.8 ± 0.03

52.7 ± 0.04

94.5 ± 0.13

SA3

2.0

18.7 ± 0.01

34.1 ± 0.06

51.8 ± 0.08

91.4 ± 0.07

FC

3.2

18.8 ± 0.07

33.3 ± 0.59

50.7 ± 0.81

91.7 ± 0.11

HNT2

5.3

18.5 ± 0.01

34.9 ± 0.07

52.8 ± 0.10

93.2 ± 0.19

HNT3

4.0

19.0 ± 0.01

31.2 ± 0.03

47.8 ± 0.04

91.3 ± 0.18

HNT4

4.3

19.1 ± 0.02

21.8 ± 1.08

34.6± 1.55

79.5 ± 0.19

HNT5

6.9

18.9 ± 0.01

12.9 ± 0.24

21.5 ± 0.37

72.4 ± 0.25

HNT6

5.5

18.9 ± 0.01

5.9 ± 0.16

10.4± 0.26

71.2 ± 0.37

HNT7

6.6

18.8 ± 0.01

3.6 ± 0.18

6.5 ± 0.30

71.2 ± 0.24

WIL

7.9

18.9 ± 0.02

4.0 ± 0

7.3 ± 0

71.0 ± 0.23

Site

SpCond = specific conductivity; ppt = parts per thousand
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Table 4: Averaged depth profile at each site on 2/2/15 showing physico-chemical parameters
recorded using multi-parameter water quality sonde (average ± S.D.)
Sampling followed a wet month (Figure 4).

Depth
(m)

Temperature
(C°)

Salinity
(ppt)

SpCond
(mS/cm)

Dissolved
oxygen (%)

HNT1

10.7

22.7 ± 0.08

35.2 ± 0.11

53.3 ± 0.15

100.0 ± 0.14

NH

12.7

22.2 ± 0.08

33.7 ± 1.01

51.3 ± 1.37

94.3 ± 1.28

SA1

10.6

22.2 ± 0.07

32.5 ± 1.30

49.6 ± 1.78

94.0 ± 0.04

SA2

3.3

22.3 ± 0.08

31.2 ± 0.62

47.8 ± 0.84

92.9 ± 0.67

SA3

2.1

23.5 ± 0.23

21.7 ± 3.27

34.5 ± 3.75

78.5 ± 0.33

FC

2.5

22.8 ± 0.24

26.0 ± 4.43

40.5 ± 4.24

94.5 ± 0.91

HNT2

4.7

22.5 ± 0.02

33.8 ± 0.48

51.3 ± 0.65

96.9 ± 0.26

HNT3

7.3

22.5 ± 0.04

33.2 ± 0.59

50.5 ± 0.80

96.1 ± 0.21

HNT4

4.3

22.8 ± 0.11

24.3 ± 0.67

38.3 ± 0.95

90.6 ± 0.56

HNT5

5.1

24.0 ± 0.19

9.5 ± 0.68

16.2 ± 0.06

70.0 ± 0.49

HNT6

3.8

24.1 ± 0.14

1.4 ± 0.25

2.8 ± 0.45

55.8 ± 0.31

HNT7

3.6

24.3 ± 0.07

0.4 ± 0.00

0.7 ± 0.00

59.7 ± 0.35

WIL

7.6

24.1 ± 0.05

0.3 ± 0.01

0.7 ± 0.00

58.0 ± 0.74

Site

SpCond = specific conductivity; ppt = parts per thousand

During winter, the average water temperature is 2°C warmer at the mouth than in the upper
estuary reflecting warmer ocean temperatures. During spring, water temperatures become
warmer upstream relative to downstream (Table 3) and trend upwards throughout summer
when the water temperature becomes 5°C warmer in the upper estuary than at the mouth
(data not shown). Rainfall during the warmer months, however, leads to lower water
temperatures upstream (Table 4) reducing the temperature difference. The Hunter River
becomes fresh at the upper reach sites (HNT5–7, WIL) following moderate rainfall and takes
several weeks to return to typical salinities (4–10ppt) under low flow conditions (Table 4,
Figure 5).

4.4

Dissolved oxygen

Dissolved oxygen (DO) refers to the concentration of oxygen that is contained in water.
Oxygen enters the water by photosynthesis by aquatic biota and by the transfer of oxygen
across the air–water interface. The solubility of oxygen increases with decreasing temperature
(colder water holds more oxygen) and decreasing salinity (fresh water holds more oxygen
than does salt water). Dissolved oxygen in the water column was recorded as mg/L and
percent saturation (%) in depth profiles of each site on 20/8/14, 25/9/14 and 3/2/15 are shown
in Tables 2 to 4 (%ODO). Stratification of DO was not observed in depth profiles reflecting
strong currents and vertical mixing in the estuary (Tables 2 to 4). All surface water DO (%)
recorded during the monitoring program are shown in Figure 6 (box plot showing medians,
25th and 75th percentiles, maxima and minima). Lower estuary sites that are flushed with
oxygenated oceanic water consistently had DO levels in the range 85–110% in line with the
ANZECC guidelines for NSW lowland rivers (Figure 6; ANZECC 2000). Sites at Hexham
(HNT4) and further upstream in the fresher reaches of the upper estuary had more variable
DO levels with median DO between 73% and 83% and minima DO around 60% usually
following rainfall events (Figure 6). Rainfall delivers inorganic and organic solids (i.e. matter,
sediment) to the estuary which leads to oxygen loss as microbes aerobically decompose
organic matter suspended in the water column and in riverbed sediments. Increased sediment
loads reduces light and therefore photosynthetic oxygen production by microalgae, while
plants and animals continue to respire, leading to further oxygen loss from the system.
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Figure 5: Box plots of dissolved oxygen (%ODO) in surface waters at 14 sites in the Hunter
River estuary from August 2014 to March 2015
n= 8 for all sites except HNT1.5 where n=5
In this and all subsequent box plots, the central bar in each box is the median value, bottom and top of the boxes
represent the 25th and 75th percentiles and the bars indicate minima and maxima in each data set.

4.5

Turbidity

Turbidity in the Hunter River estuary primarily results from a combination of inorganic
suspended solids (sediment), phytoplankton cells and other organic suspended solids. The
Hunter River can have high turbidity following rainfall primarily due to river flows carrying fine
sediments from agricultural land and bank erosion in the upper catchment. Rainfall events
have the greatest influence on turbidity levels in the upper estuary whereas resuspension of
sediments by wind, dredging and shipping movements drive turbidity levels in the lower
estuary.
Turbidity was usually below 5NTU at most sites sampled during the monitoring program
which is above NSW trigger values of 2.8–3.5 NTU for coastal riverine estuaries (Table 1,
Figure 7). Turbidity was rarely recorded over 10NTU in the lower to mid estuary even after
rainfall except for Fullerton Cove (FC) which is surrounded by agricultural land (Figure 7).
The upper estuary sites showed highly variable turbidity (4–58 NTU) with very high values on
3/2/15 after a large rain event (Figure 7). The turbidity readings in the upper estuary were
usually within the range 6–50 NTU suggested in the ANZECC guidelines for NSW lowland
rivers.
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Figure 6: Box plots of turbidity in surface waters at 14 sites in the Hunter River estuary from
August 2014 to March 2015
NTU: nephelometric turbidity units. Turbidity is a measure of water clarity with higher values indicating more
suspended particles in the water column.
n= 8 for all sites except HNT1.5 where n=5
The central bar in each box is the median value, bottom and top of the boxes represent the 25th and 75th
percentiles and the bars indicate minima and maxima.

4.6

Total suspended solids

Total suspended solids (TSS) comprise both inorganic and organic suspended solids (SS).
TSS in the Hunter River estuary is controlled by physical processes (rainfall, flocculation,
dredging, shipping movements, wind-driven resuspension) and biological processes
(phytoplankton production, organic enrichment). Inorganic SS was the largest component of
TSS with more variability and higher readings at sites influenced by agricultural land use (mid
to upper estuary, Figure 8). Inorganic TSS did not usually exceed 10mg/L in the lower to mid
estuary. Fullerton Cove recorded the highest variation in TSS and maxima of 55mg/L
reflecting the land use in the catchment and influence of wind-driven suspension in this
expanse of water. Organic TSS was usually below 1.5mg/L at all sites across the estuary
and was less variable than inorganic SS with median values between 0.5–1.0mg/L
(Figure 8). Sites in the North Arm (HNT2, HNT3) showed the least variation in inorganic SS
(Figure 8).
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The proportion of organic SS that comprised TSS changed considerably over time depending
on recent rainfall in the catchment as illustrated by the data from 3/2/15, 25/2/15 and 18/3/15
(Figure 9). Immediately following a period of high rainfall very high levels of TSS were
measured in surface waters at sites in the mid to upper estuary. TSS was mostly comprised
of inorganic SS which is likely to be loose sediment from land and bank erosion in the upper
catchment (Figure 9A). In the following weeks, as fresher waters flow into more saline waters
in the mid estuary, fine sediments flocculate (stick together) and sink to the riverbed reducing
inorganic SS (Figure 9B). Simultaneously, high levels of nutrients in storm runoff increases
algal growth as indicated by increased chlorophyll-a concentrations at some sites across the
estuary (Figures 11 to 13). This combination of physical and biological processes results in a
higher proportion of organic SS comprising the TSS, particularly in the lower to mid estuary
(Figure 9B). After a mostly dry month but following a recent rainfall event, TSS levels return
to higher levels comprising most of the TSS more typical of low flow conditions (Figure 9C).
Sediment in urban runoff from Throsby and Styx creeks is the likely source of high TSS in
Newcastle Harbour (NH, Figure 9C).
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Figure 7: Box plots showing total suspended solids (TSS) in surface waters at 14 sites in the
Hunter River estuary from August 2014 to March 2015
TSS is comprised of inorganic suspended solids (SS) and organic SS.
Note the different scale of Y-axis in the graphs.
n= 8 for all sites except HNT1.5 where n=5
The central bar in each box is the median value, bottom and top of the boxes represent the 25th and 75th
percentiles and the bars indicate minima and maxima.
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Figure 8: Total suspended solids in surface waters at all sites on A: 3/2/15, B: 25/2/15 and C:
18/3/15
The data illustrates the changes that occur in the proportion of organic SS (light green) to inorganic SS (dark red)
that comprise TSS following a period of high rainfall in late January.
Note the different scale of the y-axis in the top graph A.
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4.7

Chlorophyll-a

The concentration of chlorophyll-a in the water column is a proxy measure of phytoplankton
biomass. It is important for the estuarine food web that a level of phytoplankton (microalgae)
productivity exists, however, if phytoplankton biomass becomes excessive (eutrophication)
this can lead to a decline in ecological health. Typically, high nutrient concentrations can lead
to rapid and excessive phytoplankton and macroalgae growth. When organic material
decays, dissolved oxygen is rapidly consumed from the water column and sediments
become enriched with organic carbon and nutrients. Depleted oxygen will in turn affect the
respiration and survival of fish and other animals. Heavily enriched sediments switch
biogeochemical cycles from aerobic to anaerobic processes reducing the capacity of
microbes to recycle nutrients in the system efficiently. Therefore monitoring chlorophyll-a
concentrations helps to assess and manage eutrophication risk before significant declines in
ecological health occur.
Chlorophyll-a concentrations are controlled by physical processes such as freshwater inflows
and wind-driven resuspension of phytoplankton on the sediment surface; and biological
processes including zooplankton grazing of phytoplankton and the growth of phytoplankton in
response to freshwater inflows of nutrient inputs from rural, urban and industrialised
catchments (Boynton et al. 1982; Eyre 1998). Chlorophyll-a concentrations can be highly
variable on a temporal scale and be influenced by the season of the year (Jordan et al.
1991). Seasonal cycles of phytoplankton counts and chlorophyll-a concentrations in the
Hunter River suggest peaks in early spring and late summer, respectively (Sanderson &
Redden 2001). Higher concentrations are expected in summer and autumn due to the
increased availability of light, nutrients and wind-driven resuspension. Remineralistion of
organic matter by microbes is also temperature-dependent. During warmer months this
increases supply to the water column from the sediments etc. Concentrations decrease
during winter as freshwater inputs, light and temperature all diminish. Zooplankton counts
peak about a month after chlorophyll-a/phytoplankton peak in the Hunter River, which is
commonly observed in estuarine environments and suggests that grazing might influence the
phytoplankton population (MHL 2003).
In 2014–15, chlorophyll-a concentrations in the Hunter River estuary were usually above
NSW trigger values for coastal riverine estuaries of 2.3–3.4 µg/L (Table 1) with
concentrations sometimes increasing following rainfall. Only mid-estuary sites showed
increasing concentrations during the summer months (Figure 12). All chlorophyll-a data is
summarised in a box plot in Figure 10 and temporal data for each site are shown for the
lower estuary (Figure 11), mid estuary (Figure 12) and upper estuary (Figure 13).

4.7.1

Lower estuary

Chlorophyll-a concentrations were usually below 5µg/L at sites across the lower estuary, an
increasing trend in the summer months (Figure 11). The range of concentrations measured
in the lower estuary were typically in the range 2–7µg/L, in line with the reported average
before 2000 (Sanderson & Redden 2001; MHL 2003). Chlorophyll-a concentrations were
often highest in Newcastle Harbour (NH) where a very large spike in chlorophyll-a was
recorded on 25/2/2015 that was not observed at other sites in the lower estuary. Newcastle
Harbour (NH) is relatively well-flushed with ocean water, however, it receives urban runoff
from Newcastle City and the surrounding suburbs via Styx Creek and Throsby Creek. A
similar spike in chlorophyll-a concentration was recorded at Tomago on this date (HNT3,
Figure 12). The spikes in chlorophyll-a concentration at NH and HNT3 sites followed a wet
period in January to February 2015 (Figure 4) when there were elevated levels of
phosphates in the lower and upper estuary (Figures 16, 18).
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4.7.2

Mid estuary

Chlorophyll-a concentrations increased gradually over spring and summer at all sites in the
mid estuary and also showed an increasing trend with distance upstream (Figure 12). The
highest median concentrations of chlorophyll (6–7µg/L, Figure 10) occurred at the midestuary sites: Fullerton Cove (FC), North Arm at Tomago (HNT3) and Hunter River at
Hexham (HNT4, Figure 12).

4.7.3

Upper estuary

Chlorophyll-a concentrations were relatively stable at the upper estuary sites with
concentrations usually below 6µg/L (Figure 13) in spite of increasing phosphate
concentrations in surface waters over spring and summer (Figure 18). Spikes in chlorophyll-a
concentration occurred at some sites following rainfall, at the Upper Hunter River (HNT7) and
in the Williams River (WIL) in 20/8/14, and at Heatherbrae on 25/2/15 (HNT5). Average
concentration of chlorophyll-a at upper estuary sites was 5.5µg/L which is considerably lower
than the average concentration of 22µg/L in data collected up to 2000 (Sanderson & Redden
2001; MHL 2003). These data suggest that chlorophyll concentrations in the upper estuary
today, in particular recorded chlorophyll maxima, have reduced considerably over the past 15
years.
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Figure 9: Box plots of chlorophyll-a concentrations in surface waters at 14 sites in the Hunter
River estuary from August 2014 to March 2015
n= 8 for all sites except HNT1.5 where n=5
In this and all subsequent box plots, the central bar in each box is the median value, bottom and top of the boxes
represent the 25th and 75th percentiles and the bars indicate minima and maxima in each data set.
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Figure 10: Temporal variation in chlorophyll-a in surface waters at sites in the lower Hunter
estuary from August 2015 to March 2015
The green line indicates the NSW trigger value for chlorophyll-a in riverine estuaries (salinity >25 ppt).
Harbour = NH, Hunter River Entrance = HNT1, Lower North Arm = HNT1.5, Mid North Arm= HNT2,
Lower South Arm = SA1, Mid South Arm = SA2
30
North Arm-Tomago
South Arm - Sandgate
Fullerton Cove
Hunter River - Hexham
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Figure 11: Temporal variation in chlorophyll-a in surface waters at sites in the mid Hunter
estuary from August 2015 to March 2015
North Arm – Tomago = HNT3, South Arm – Sandgate = SA3, Fullerton Cove = FC,
Hunter River – Hexham = HNT4
The NSW trigger value is not shown on this graph as it changes from 2.9 to 3.4µg/L depending on salinity at the
site/time of sampling.
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Figure 12: Temporal variation in chlorophyll-a in surface waters at sites in the upper Hunter
estuary from August 2015 to March 2015
The NSW trigger value is not shown on this graph as it changes from 2.9 to 3.4µg/L depending on salinity at the
site/time of sampling. Heatherbrae = HNT5, Raymond Terrace = HNT6, Upper Hunter = HNT 7,
Williams River = WIL

4.7.4

Chlorophyll-a versus rainfall

Chlorophyll-a concentrations in the Hunter River estuary were not correlated with total rainfall
in the 7 or 14 days prior to sampling (Figure 14). Large spikes in chlorophyll-a concentrations
were observed at three sites (NH, HNT3, HNT5) following a high rainfall period 3 weeks
earlier (Figures 4, 11, 12 and 13). However, this response to rainfall was not consistent.
Phosphate concentrations in the upper estuary steadily increased over this time and spikes
in phosphate were observed at HNT3 and NH sites in early February (see phosphate section
for further discussion). Increased turbidity in the water column following heavy rainfall leads
to a reduction in light available to microalgae for growth. Other pollutants present in
stormwater runoff (pesticides, metals) may result in suboptimal conditions for algal growth
resulting in lower than expected chlorophyll-a concentrations in the water column (Swanson
et al. 2017b).
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Figure 13: The relationship between total rainfall (in 7 days prior to sampling) and chlorophyll-a
concentrations (µg/L) in surface waters at upper estuary sites (HNT5, HNT6, HNT7, WIL)
Rainfall recorded at AWS 61031 (Raymond Terrace) and 61388 (Maitland) were averaged and plotted against
chlorophyll concentrations.

4.8

Health of the Hunter – Hunter River
estuary report card 2016

Water quality data collected during the monitoring program was in line with NSW Natural
Resources Monitoring, Evaluation and Reporting (MER) protocols (OEH 2016). The data
were used to generate the Health of the Hunter – Hunter River estuary report card 2016 with
grades assigned to the lower, mid and upper estuary based on comparison of zone scores to
the statewide MER dataset (Table 5; OEH 2017). For a full description on how grades are
calculated from zone scores please refer to the technical document Assessing Estuary
Ecosystem Health – Sampling, data analysis and reporting protocols (OEH 2016). Grades on
report cards are usually based on a combined score for water quality (only using turbidity and
chlorophyll-a data, Scanes et al. 2007) and seagrass distribution in the estuary. Seagrass
does not grow in the Hunter estuary so other biological indicators will need to be assessed in
order to provide a more comprehensive assessment of estuary health. Based on water
quality alone, the lower Hunter River estuary scored a ‘B’ grading, and the mid and upper
estuaries both scored a ‘C’ grading. The upper estuary grade ‘C’ can be directly compared to
data obtained in the MER programs of 2010 and 2013 (Table 6).
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Table 5: Turbidity, chlorophyll and overall water quality grades assigned to the upper, middle
and lower estuary based on data collected in the OEH monitoring program 2014–15
Hunter River

Turbidity grade

Chlorophyll-a grade

Water quality grade

Lower estuary

B

B

B

Middle estuary

C
D

C

C
C

Upper estuary

B

The relationship between NSW scores, zones and grade scores are shown in the diagram below. The relative
position of individual grades assigned to the lower, mid and upper estuary are also displayed on the coloured
scale bar (OEH 2016).

Based on MER grades from 2010 and 2013 and this program (2014) condition in the upper
estuary looks to have improved from a ‘D’ grading in 2010 to a ‘C’ grading in 2013 (Table 5).
The poor results of 2010 are likely to have been affected by the end of the Millennium
Drought in 2010 in New South Wales and the very wet conditions in spring in 2010 (when the
MER program commenced). A large amount of loose sediment and a likely build-up of NOx
and phosphates (Strong & Mason 1999) would have been easily mobilised in runoff leading
to the ‘F’ grading for turbidity and ‘D’ grading for chlorophyll-a (Table 6). Other than the
immediate impact of the drought-ending rains of 2010, overall water quality in the upper
Hunter River may have improved in the past five years from bank stabilisation, rehabilitation
and restoration projects, and improved farming practices. Hunter River estuary grades can
be compared to MER grades assigned to other highly modified estuaries in the statewide
MER program (Table 7), with Parramatta River estuary being rated as having poorer
condition. Parramatta River, Georges River and Hawkesbury River are, however, ‘drowned
river valleys’, which are quite different systems to ‘riverine estuaries’ like the Hunter River
estuary (Roy et al. 2001). Water quality grades of those systems, therefore, are not directly
comparable to the Hunter River. Nevertheless, they provide an interesting comparison based
on the extent of catchment modification (Table 7).
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Water quality in the lower estuary has improved greatly in the past 15 years with the closure
of BHP Steelworks, tighter monitoring and regulation of industrial discharges, and
improvements in industrial site management leading to a reduction in pollutant loads in
stormwater runoff. While the lower estuary scored a ‘B’ grading it is important to realise that
this grade is based solely on turbidity and chlorophyll data. Concentrations of chlorophyll-a, a
biological indicator, were lower than we would expect given the high concentrations of
ammonia, NOx and phosphate, which always exceeded NSW trigger values in the lower
estuary. A grade of ‘B’ for the lower estuary is likely to be an overly optimistic score/grade.
Further investigations of the impacts of decades of pollution on the condition of additional
biological indicators (for e.g. fish and macroinvertebrate assemblages, sediment microbes) is
warranted.
Table 6: Comparison of turbidity, chlorophyll-a and overall water quality grades assigned to the
upper Hunter River estuary based on data collected in 2014 (for this program), 2013 and 2010
(for the MER program)
Upper estuary
Hunter River

Turbidity grade

Chlorophyll-a grade

Water quality grade

2014

D

B

C

2013

D

B

C

2010

F

D

D

Table 7: Comparison of turbidity, chlorophyll-a and overall water quality grades assigned to the
Hawkesbury River, Georges River, Parramatta River and Hunter River based on data collected
for the 2013 MER program
All these rivers have highly modified catchments. Note that data for the MER program is always collected in the
upper estuary.

Upper estuary
(MER 2013)

Turbidity grade

Chlorophyll-a grade

Water quality grade

Hunter River

D

B

C

Hawkesbury River

C

D

C

Georges River

C

B

B

Parramatta River

C

F

F

4.9

Nutrients

Nutrients in estuary waters are present as non-labile forms, such as particulates and organic
compounds (humic acid, tannins) which are generally not bioavailable, and dissolved
inorganic forms (ammonia, NOx and phosphates) which are readily bioavailable (i.e. labile).
Diffuse runoff from agricultural and urban areas delivers high nutrient loads to receiving
waters, with a higher proportion of bioavailable dissolved inorganic forms than would occur in
runoff from natural forested areas (Harris 2001; Bartley et al. 2012). High inputs of dissolved
inorganic nutrients can have adverse effects on ecosystem health leading to excessive plant
growth (eutrophication), potentially toxic algal blooms and a depletion of dissolved oxygen
(Officer et al. 1984, Anderson et al. 2002).
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4.9.1

Dissolved inorganic nutrients

Ammonium/Ammonia
Ammonia in water can be present as the neutral unionised form (NH3) and the protonated
ionised form NH4+. The neutral form is highly toxic to aquatic biota causing lower
reproduction and growth, or death. Ammonia predominates at pH> 9.3: at pH 9.3 half of the
ammonia present is NH3. For this reason it is important to measure pH at the same time as
measuring ammonia. In aquatic systems, the ionised-form ammonium predominates as pH<8
however, the term ‘ammonia’ has been used throughout this report to represent both forms
(ammonium/ammonia).
Ammonia is readily oxidised to nitrate and nitrite so high concentrations of ammonia are
indicative of a local source of ammonia. Ammonia can be derived from both natural and
anthropogenic sources. Ammonia is excreted by animals and is produced during the
decomposition of plants and animals. Ammonia is a common pollutant in agricultural runoff
from fertilisers and animal waste. Domestic use of ammonia-based cleaning products and
septic systems are two urban sources of ammonia. Ammonia is present in wastewater
discharge from sewage treatment plants and industrial processes.
Total ammonia (i.e. NH3 + NH4+) is what is measured analytically in water samples.
Concentrations of ammonia were typically above the NSW trigger value (8µg/L, Table 1) in
the lower estuary but were usually below NSW trigger values in the upper estuary (50µg/L,
Figure 15A). Median concentrations of ammonia were highest at all South Arm sites (35–50
µg/L) and in the North Arm near Tomago, suggesting that industrial discharges are a primary
source of ammonia to the estuary (Figure 15A). Concentrations of ammonia were more
variable in the mid to upper estuary with the higher concentrations (>120µg/L) recorded in
the upper estuary following rainfall (Figure 15A). Agricultural runoff (fertilisers, animal waste)
is the likely primary source of ammonia in the upper estuary.
Nitrate/nitrite
Urban, rural and industrial sources of excess nitrates to waterways are similar to the sources
described above for ammonia. An additional source of nitrates to aquatic ecosystems is the
atmospheric deposition of nitric oxide gases at the air–water interface. Concentrations of
nitrate and nitrite (NOx) were typically well above NSW trigger values (5.1–46 µg/L) at all
sites during the monitoring program (Table 1, Figure 15C). Median concentrations of NOx
increased with distance upstream, with greater variability in NOx concentrations observed at
sites in the upper estuary (Figure 15C). In the lower estuary NOx concentrations were 2 to 8
times the NSW trigger value of 5.1µg/L with occasional spikes above 50µg/L following rainfall
(Figure 15C). In the mid estuary, concentrations ranged from 4–200 µg/L with median values
near or above the NSW trigger value of 36.6µg/L. Very high concentrations of NOx were
common at upper estuary sites and usually exceeded the NSW trigger value of 46µg/L.
Concentrations of nitrate in upper estuary waters regularly exceeded 100µg/L and the
highest concentrations were recorded after rainfall (Figure 15C). Agricultural runoff
(fertilisers, animal waste) is the likely primary source of nitrates in the upper estuary.
Phosphate
Under natural conditions phosphorous is usually scarce in waterways, however, extensive
use of inorganic phosphates in agriculture in particular leads to elevated levels of
bioavailable phosphates in estuaries in highly modified catchments. Phosphate
concentrations well-exceeded NSW trigger values 2.8–4.9 µg/L at all sites in the Hunter
River estuary on most sampling occasions (Figure 15B). Median phosphate concentrations
and maxima increased with distance upstream (Figure 15B). The temporal variation of
phosphate in estuary waters at all sites during the monitoring program are shown in Figures
16 to 18.
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Lower estuary
Phosphate concentrations were relatively constant in surface waters in the lower estuary and
were usually between 10–20 µg/L with concentrations usually below 5µg/L at the mouth
(HNT1) due to dilution from ocean flushing (Figure 16). There was a large spike in phosphate
concentrations of 50µg/L at three sites in the lower estuary on 3/2/15 (Newcastle Harbour:
NH, Lower South Arm: SA1 and at the entrance: HNT1). This spike in phosphate followed a
period of high rainfall throughout late January and multiple sources are likely – including
runoff and discharges from the fertiliser industries on Walsh Point and runoff from Newcastle
urban areas. Concentrations of phosphate in surface waters were lower at sites in the lower
estuary than at sites further upstream suggesting in-stream attenuation and lower inputs of
phosphate.
Middle estuary
Phosphate concentrations were relatively constant in surface waters in the middle estuary
and were usually between 20–30 µg/L in the North Arm at Tomago (HNT3), at Fullerton Cove
(FC) and in the South Arm at Sandgate (SA3). Higher levels of phosphate occurred at the
Hunter River at Hexham (HNT4) ranging between 40–60 µg/L. All sites recorded elevated
levels of phosphate on 25/2/15 following an extended wet period in January and February
2015 and remained somewhat elevated on 18/3/15 after a brief rain event (Figure 17).
Upper estuary
Phosphate concentrations increased gradually through spring and summer in upper estuary
sites from 20–40 µg/L in August to 90–110 µg/L (Figure 18). Phosphate concentrations
downstream at Hexham were approximately half the concentration at upstream sites
suggesting in-stream attenuation of phosphate (Figure 17). Phosphate is metabolised by
biota and also binds to particulates in the water column and settles to the riverbed.
Conversely, it is likely there was no in-stream attenuation of phosphate between the Upper
Hunter and Williams River and Raymond Terrace and Heatherbrae, suggesting further inputs
in this stretch of river from agricultural and urban runoff, as well as discharges from Raymond
Terrace Wastewater Treatment Works.
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Figure 14: Box plots of dissolved inorganic nutrient concentrations in surface waters at all sites from
August 2014 to March 2015
A) Ammonia (µg/L), B) Phosphate (µg/L) and C) Nitrate/nitrite (µg/L); n = 8 except for HNT1.5, n=5
The central bar in each box is the median value, bottom and top of the boxes represent the 25th and 75th percentiles
and the bars indicate minima and maxima.
See Figure 2 for site locations.
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Figure 15: Phosphate concentration (µg/L) in surface waters at all sites in the lower Hunter
estuary
The blue line indicates the NSW trigger value for phosphate in riverine estuaries (salinity >25 ppt).
Harbour = NH, Hunter River Entrance = HNT1, Lower North Arm = HNT1.5, Mid North Arm= HNT2,
Lower South Arm = SA1, Mid South Arm = SA2
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Figure 16: Phosphate concentration (µg/L) in surface waters at all sites in the mid Hunter
estuary
North Arm – Tomago = HNT3, South Arm – Sandgate = SA3, Fullerton Cove = FC,
Hunter River – Hexham = HNT4
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Figure 17: Phosphate concentration (µg/L) in surface waters at all sites in the upper Hunter
estuary
Heatherbrae = HNT5, Raymond Terrace = HNT6, Upper Hunter = HNT 7, Williams River = WIL
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Figure 18: Boxplots showing DIN:DIP (molar ratios) in surface waters at each site from August
2104 to March 2015
The central bar in each box is the median value, bottom and top of the boxes represent the 25th and 75th
percentiles and the bars indicate minima and maxima.
A DIN/DIP ratio of 16 is known as the Redfield ratio – the optimum nutrient ratio for microalgal growth. Ratios
below 16 indicate that bioavailable phosphorous (phosphate) concentrations are high relative to bioavailable
nitrogen.
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4.9.2

Molar DIN:DIP

The optimal DIN:DIP ratio (N/P-ratio) for microalgal (i.e. phytoplankton) growth is 16:1 (based
on molar concentrations) and is called the Redfield ratio. Significant deviations from 16 at low
N/P-ratios might indicate potential nitrogen limitation and at high N/P-ratios potential
phosphorus limitation of microalgal primary production. This might affect the biological state
of the ecosystem, in particular the phytoplankton biomass, species composition and
eventually food web dynamics. Nitrogen and phosphate concentrations are both elevated in
the Hunter River estuary thus neither nutrient is limiting.
The low ratios of DIN to DIP at most sites throughout the monitoring program (Figure 19)
show that bioavailable phosphorus (i.e. phosphate) is in high concentrations relative to
bioavailable nitrogen. High concentrations of DIN and DIP indicate the Hunter River estuary
is strongly at risk of excess algal growth given suitable light and temperature conditions but
low DIN:DIP ratios suggest that it will be nitrogen limited . As already discussed, chlorophylla concentrations (used as a proxy for microalgal abundance) are lower than expected given
the nutrient load and the low Redfield ratio of DIN:DIP. Conditions in the estuary must not be
optimal for microalgal growth, possibly the result of multiple factors acting synergistically to
reduce growth. Further research is required to support or reject this hypothesis.

4.9.3

Total nitrogen

Total nitrogen (TN) is a measure of all forms of particulate nitrogen and dissolved organic
and inorganic nitrogen present in the water. The particulate nitrogen (PN) pool consists of
living and decomposed plants and animals, as well as ammonia adsorbed onto mineral
surfaces/suspended sediment. The majority of the TN pool measured in surface waters in the
Hunter estuary was in the form of dissolved organic nitrogen (DON, Figure 20) which
includes simple amino acids, urea and aminated sugars to complex proteins and humic
substances. Particulate (PN) and the majority of DON are essentially non-labile forms that
are not readily available to biota in the estuary. Dissolved inorganic nitrogen (DIN = ammonia
plus NOx) compounds are readily available to biota. The highest concentrations of nitrate
were measured in the upper estuary, however, DIN formed a larger proportion of the TN pool
in the heavily industrialised lower Hunter estuary (Figure 20).
The TN pool and its component parts (PN, DON, DIN = ammonia + NOx) measured in
surface waters in the Hunter River at Heatherbrae (HNT5, Figure 20A), the South Arm at
Walsh Point (SA1, Figure 20B) and in Newcastle Harbour (NH, Figure 20C) are shown to
contrast sites with primarily agricultural, industrial and urban/industrial inputs, respectively.
The PN component of TN in the Hunter River at Heatherbrae (Figure 20A) in February and
March 2015 was far greater than what was recorded at other sites in the mid to upper
estuary but was included to show the extent of land and bank erosion in the upper
catchment. PN and DON increased in the water column following the extended wet period in
January and February as loose soil in the catchment was lifted and exported to the river
during this time. Large quantities of loosened soil were again mobilised in March 2015
following a brief rain event. DIN (ammonia+ NOx) formed a larger component of the TN pool
at sites in the South Arm and lower North Arm which receive constant discharges of DIN
from industrial sites (Figure 20B). Sites with similar catchments (and therefore similar types
of inputs) showed similar proportions of PN to DON to DIN. That is, ratios of constituents in
the TN pool measured at HNT7, WIL1, HNT4, HNT3 and FC were similar to HNT5 (Figure
20A) excluding DON/PN data from February to March 2015 which was much higher at HNT5.
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Ratios of constituent nutrients at SA2 were similar to SA1 (Figure 20B, 21B) and ratios of
constituent nutrients at SA3, HNT1, HNT1.5, HNT2 to NH were similar to NH (Figure 20C).
The proportion of DIN (ammonia and NOx) was consistently high in the South Arm, only
decreasing after an extended dry period and when industrial discharges to the estuary would
have also decreased (Figure 20B).

4.9.4

Total phosphorous

Total phosphorous (TP) is a measure of all forms of dissolved and particulate phosphorous
present in the water. The particulate phosphorous (PP) pool consists of living and
decomposed plants and animals, phosphorus in minerals (e.g. fluorapatite) and phosphate
adsorbed onto iron oxyhydroxides on mineral surfaces. Dissolved phosphorus is readily
available for plants, and consists of dissolved inorganic orthophosphate (DIP: H2PO4-,
HPO42-, PO43-) and organic phosphorus-containing compounds (DOP: primarily P-esters).
The adsorption and desorption of phosphate from mineral surfaces forms a buffering
mechanism that regulates dissolved phosphate concentrations in rivers and estuaries.
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Figure 19: Components of total nitrogen (maxima) measured in surface waters of the Hunter
River estuary from August 2014 to March 2015 showing (from top of bar) particulate nitrogen
(PN), dissolved organic nitrogen (DON), NOx and ammonia
Representative sites with primarily agricultural inputs (A: HNT5 – Heatherbrae), industrial inputs (B: SA1 Lower
South Arm) and urban/industrial inputs (C: NH – Newcastle Harbour) are shown. Note the different scales on
each graph.
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Figure 20: Components of total phosphorous (maxima) in surface waters of the Hunter River
estuary from August 2014 to March 2015 showing (from top of bar) particulate phosphorous
(PP), dissolved organic phosphorous (DOP) and dissolved inorganic phosphates (DIP)
Representative sites with primarily agricultural inputs (A: HNT5 – Heatherbrae), industrial inputs (B: SA1 Lower
South Arm) and urban/industrial inputs (C: NH – Newcastle Harbour) are shown. Note the different scales on
each graph.
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In contrast to the TN pool, the majority of the TP pool measured in surface waters in the
Hunter estuary were DIP (Figures 19, 21). In the upper estuary, particulate phosphorous
(PP) and dissolved organic phosphorous (DOP), usually comprised less than one-quarter of
TP (Figure 21A) but the proportion of PP and DOP increased considerably at HNT5 after an
extended wet period (3/2/15). This is likely to be the result of phosphates binding to
suspended sediment in the water column. In the industrialised South Arm the proportions of
PP and DOP were higher than at the upper estuary, usually forming one-third of TP (Figure
21B). Newcastle Harbour is most influenced by urban inputs where TP and DOP together
formed almost half of the TP pool presumably due to the interaction of sediment and
phosphates in urban runoff (Figure 21C).
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5

Conclusions and recommendations

The Hunter River estuary receives inputs of nutrients and sediment, among other pollutants,
from intensive agriculture in the upper to middle catchment, and heavily industrialised and
urban areas in the lower catchment.
While the monitoring program was not sampled intensively on a temporal scale, water quality
data was collected estuary-wide during a range of climatic conditions. Water quality data
supports the conclusion that inputs of pollutants from agricultural land use in the upper to
middle catchment, as well as inputs from industrial and urban land use in middle to lower
catchment are all contributing to the degradation of water quality in the Hunter River estuary.
Estuary waters contain excessive levels of nitrates and phosphates entire-wide but
particularly so in the upper estuary, implicating agriculture as the primary source. In the lower
estuary, urban and industrial sources of nitrates are implied while industry is the primary
source of ammonia. While agricultural land use (and destructive land-clearing practices of
bygone eras) is the primary source of sediment to the estuary, urban and industrial inputs
dominate in the lower estuary.
The low DIN:DIP ratios across the Hunter estuary, due to high levels of inorganic phosphates
relative to inorganic nitrogen, would typically lead to algal blooms in other systems. Moderate
levels of chlorophyll-a were recorded in the estuary which is used as a proxy measure for
algal abundance in the water column, with only occasional spikes following rainfall. Despite
eutrophication, algal blooms do not occur in the estuary probably due to moderate to high
turbidity levels and flushing with cleaner oceanic waters keeping algal growth to a minimum.
Another factor keeping algal growth lower than expected despite high nutrient loads could be
metal toxicity with moderate to high levels of dissolved copper, zinc and manganese
measured in lower estuary waters following rain events (Swanson et al. 2017b).
Water quality data collected during the monitoring program was in line with the NSW Natural
Resources Monitoring, Evaluation and Reporting (MER) protocol allowing the data to be
used to grade the health of the estuary relative to a state-wide assessment. Based on water
quality (turbidity and chlorophyll-a) alone, the lower Hunter River estuary scored a ‘B’
grading, while the mid and upper estuaries both scored a ‘C’ grading. The 2014 upper
estuary grade (‘C’) can be directly compared to the MER grades for the Hunter River estuary
for 2010 (‘D’) and 2013 (‘C’). Water quality may have improved in the upper estuary or the
2010 grade (‘D’) may be reflecting the impact of breaking drought conditions on water quality.
Water quality in the lower estuary has definitely improved in the past 15 years with the
closure of BHP Steelworks, tighter monitoring and regulation of industrial discharges, and
improvements in industrial site management leading to a reduction in pollutant loads in
stormwater. While the lower estuary scored a ‘B’ grade it is important to realise this grade is
based solely on turbidity and chlorophyll data and may be an overly optimistic score. Further
investigations of the impacts of decades of pollution on the condition of additional biological
indicators (e.g. fish and macroinvertebrate assemblages, sediment microbes) is warranted.
It is difficult to significantly reduce diffuse inputs of nutrients and sediments in the short term
but further reductions in agricultural use of fertilisers and continued implementation of best
practise and erosion protection on rural properties could gradually decrease diffuse inputs
over time. Tighter regulation of sediment erosion control on construction sites in urban
/industrial developments is recommended as sediment losses from these sites are major
contributors to sediment loads in stormwater. Community education to encourage behaviour
change in the domestic use of cleaning agents containing nitrogen and phosphorous can
reduce nutrient inputs from urban areas in the short to medium term. Improved management
of stormwater from industrial sites in the Walsh Point and Kooragang precincts through
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pollution reduction programs could decrease inputs of inorganic nutrients to the lower
estuary. Tighter licensing requirements may lead to an improvement in on-site practices to
further reduce loads of inorganic nitrogen being discharged to the estuary in process waters.
The water quality data collected during this program forms a baseline against which future
developments in the lower catchment can be assessed. MER assesses the health of the
upper Hunter River estuary every three years; however, more frequent monitoring of all
regions of the estuary is recommended to build a long-term dataset which can be used by
stakeholders to detect change in condition as a result of management and regulatory actions
in the heavily urbanised and industrialised catchment.
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