
TOXIC HABITAT
Heavy metal impacts on water birds near 
NSW coal fired power stations



Cover Images: Rebecca Citroni

Lead Author: Paul Winn

Contributors: Naomi Jones, Jo Lynch, George Woods

Illustrators: 
Maira Wilke (Black Swan, Pied Cormorant) 
Alison Ellis (Bioaccumulation flow-chart)

Photos: 
If not supplied by HCEC courtesy of Steve Merrett, Rob Palazzi, Rebecca Citroni 
and Dawn Riggett, Hunter Bird Observers Club – Bird Image Library

Many thanks to all those who have assisted us with this report, including experts willing to 
share advice and insights, all those who pitched in for your efforts and contributions. 

Special thank you goes to Mick Roderick and the Hunter Bird Observers Club for its efforts 
in support of bird life in the Hunter region, and its contribution to this report. 

The Hunter Community Environment Centre is a not-for-profit community group funded by grants, 
donations and independent of government and corporate funding. We established in 2004 to 
encourage and facilitate environmental and social justice advocacy and education in the Hunter 
region, NSW, Australia. The objectives of the Hunter Community Environment Centre are:

 
• To maintain a community environment information, resource and advocacy centre. 
• To educate and inform the community about biodiversity and the need to protect it.  
• To provide and promote the dissemination of information and views regarding environmental matters. 
• To promote and assist cooperation, sharing of resources and coordination of activities amongst    
   environment and community groups. 
• To protect and conserve ecological processes, genetic diversity and the natural environment. 

For further information on this report please contact 
Johanna Lynch, Coordinator  
Hunter Community Environment Centre coordinator@hcec.org.au 
(02) 4962 5316 167 Parry St, Hamilton East, 2303 www.hcec.org.au 

Produced & published by Hunter Community Environment Centre 
ABN 40826463714 
Publication date: 02 July 2022
ISBN: 978-0-6452693-0-7

http://www.hcec.org.au


TOXIC HABITAT
Heavy metal impacts on water birds near 
NSW coal fired power stations

W



Contents

Foreword           2

Executive Summary         4

Introduction          9

Methodology          12

Results and discussion        13

 Metals of concern        15

 ARSENIC          17

 CADMIUM          18

 LEAD           19

 SELENIUM          20

 MERCURY          22

Major regional heavy metal sources      24

Lake Macquarie           25

 Vales Point Environmental Site Assessment     29

 Metals in Wyee Bay crabs        29

 Mannering Bay sediment core       31

 Eraring power station Environmental Site Assessment   32

 HCEC sediment analysis        32

Lake Wallace           35

 HCEC sediment analysis        38



Lake Liddell          39

 Bayswater Environmental Site Assessment     43

 HCEC sediment analysis        43

Port Stephens – Myall Lakes        44

Mercury source          47

Conclusion          50

References           54 

Appendix 1: Laboratory Reports       62 

 Lake Macquarie         62  

 Lake Liddell          77 

 Lake Wallace         95 

Appendix 2: Photos of collected feathers     123 

 Myall Lakes National Park        123 

 Lake Macquarie         132 

 Lake Wallace         138 

 Lake Liddell          142 

Appendix 3: Photos of Lake Macquarie crab     148 

Appendix 4: Australia Museum feather identification   149

  



2

Foreword
Hunter Bird Observers Club Inc. (HBOC) is the largest bird interest group in the Hunter Valley, 
was established in 1976 and currently has a membership of over 400 members. They have been 
involved with bird monitoring projects for over 30 years and are a well-respected stakeholder 
group on local conservation issues. Their key concern for bird conservation in the Hunter Valley 
is the continual loss and alteration of habitat, particularly woodlands and shorebird habitat.  

Woodland birds and migratory shorebirds are the two groups facing the most threat in the 
Hunter Valley due to habitat loss and fragmentation. Beach-nesting birds, including Little 
Terns, Australian Pied Oystercatchers and Beach Stone-curlews, all threatened in NSW, 
are also under threat due to conflicts with recreational vehicles on beaches and other 
threats to their nesting habitat such as altered hydrology due to climate change.

Annually, the Hunter’s Lake Liddell sees an incredibly high volume of birds.  It has suitable foraging and 
nesting habitat for a range of water birds and some shorebirds, and importantly is a large waterbody 
with areas of fringe vegetation and reed beds which support breeding, roosting and foraging.
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Lake Liddell holds a significant proportion of the Hunter’s population of some species including 
the Eurasian Coot, Great Crested Grebe, Hoary-headed Grebe, Black Swan and Musk Duck. 
In HBOC’s estimation, it could hold the highest number of Eurasian Coots and possibly Black 
Swans of any site in the Hunter Valley.  BirdLife Australia atlas data shows 118 species of birds 
recorded on and around Lake Liddell. Terrestrial birds listed as threatened in NSW include Little 
Eagle, Spotted Harrier, White-bellied Sea-Eagle, Brown Treecreeper, Grey-crowned Babbler and 
Diamond Firetail. The dam is also likely to hold Blue-billed Ducks (listed vulnerable in NSW) from 
time to time and HBOC notes that overall, Lake Liddell is poorly surveyed so we do not have 
a full understanding of the birds using it. Both woodland birds and shorebirds – two guilds of 
species recognised as being nationally threatened – face direct impacts from the coal industry 
in the Hunter Valley. The initial loss of woodlands at the extraction site, followed by further 
loss and degradation of habitat along the coal-supply chain; an example being the migratory 
shorebird habitat of the Hunter Estuary, juxtaposed with Newcastle’s export coal terminal.

The continuing destruction of habitat, the intensifying and unpredictable impacts 
of global climate change and the added threat to birdlife in the Hunter of coal-
ash contamination revealed by the HCEC in this paper, is deeply troubling. 

Dan Williams

President Hunter Bird Observers Club
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Executive Summary
This is the third report the Hunter Community 
Environment Centre (HCEC) has released 
on heavy metal contamination of NSW 
waterways by coal-fired power stations.

In this report, we reveal bioaccumulation 
of metals and metalloids in waterbird 
populations from three Lakes 
contaminated by coal-fired power 
stations, as well as areas within the Port 
Stephens Great Lakes Marine Park. 

We collected and analysed feathers from 
12 genera of waterbird and four terrestrial 
bird species, from southern Lake Macquarie, 
Lake Liddell, Lake Wallace, and control 
sites in Port Stephens and Myall Lakes.

Feathers are indicators of heavy metals in 
birds because feathers can store and eliminate 
metals, especially into the growing feathers 
during the moulting process. Authors such 
as Burger (1993, 2008), Burger and Gochfeld 
(1993; 1994; 2000a; 2000b) and Burger et 
al. (2009), among others,  have provided 
estimates of threshold concentrations of metals 
in feathers that could prove harmful to the 
health and reproductive success of the birds.

This report focuses on the metals which pose 
the greatest concern for bird life: arsenic, 
cadmium, lead, mercury and selenium.

We have applied these thresholds to results 
of laboratory analysis of the feathers collected 
and found more than half, including those 
from the control sites, contained metals above 
concentrations shown to adversely affect 
health and reproductive success. Feathers 
from three  birds - one Cormorant from 
Lake Macquarie, and two Black Swans from 
Lake Liddell - exceeded health thresholds 
for at least three metals/metalloids.

Of the 40 feathers collected from Lake 
Macquarie, Lake Wallace, and Lake Liddell;

• 85 percent exceeded thresholds for 
selenium (1.8 mg/kg). The area of 
greatest concern for selenium was Lake 
Liddell, where all the feathers collected 
had concentrations above health and 
reproduction impacts thresholds.

• 30 percent exceeded published 
thresholds for lead (4 mg/kg). All but 
six feathers (85%) contained detectable 
lead. Cormorant feathers from Lake 
Macquarie and Lake Wallace contained 2 
and 4 times threshold health.



5

In addition;

• 40 percent of the feathers collected 
from Lake Liddell contained arsenic 
concentrations in the range of possible 
adverse health effects (1.3 mg/kg to 13 
mg/kg).

• One third of the feathers collected from 
Lake Macquarie contained detectable 
cadmium. In one Cormorant feather 
cadmium was almost three times the 
concentrations shown to adversely affect 
health and reproductive success (>2 mg/
kg). 

We conclude that the following heavy 
metals may pose a risk to the health 
and reproductive success of bird;

• Arsenic, lead and selenium in Lake 
Liddell.

• Cadmium, lead, mercury and selenium in 
Lake Macquarie.

• Lead, mercury, and selenium in Lake 
Wallace.

Over half the feathers collected for the study 
contained mercury above the laboratory’s 
detection limit (0.1 mg/kg).  Of great concern 
was that two feathers from the Marine Park 
were found to be above published adverse 
health thresholds (8.6 mg/kg and 7.7 mg/kg). 
We believe the concentrations of mercury in 
feathers collected from the Port Stephens 
Great Lakes Marine Park, as well as mercury 
contamination found generally, are largely the 
result of atmospheric deposition of mercury 
emitted by NSW coal fired power stations, the 
closest of which are Bayswater and Liddell. 

Recent studies have confirmed that 
the main driver of increased metal 
concentrations in Lakes close to NSW 
power stations is the combustion of coal. 
This mirrors experiences in other parts of 
the world, where metal contamination has 
markedly increased in water bodies close 
to operating coal-fired power stations.

Coal-fired power stations pollute 
waterways by emitting heavy metals into 
the atmosphere, which is then deposited 
in catchments and into waterways, into 
waterways directly via discharge, and coal 
ash leachate contaminating groundwater. 
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Lead concentrations in feathers from 
Lake Wallace correlate with the very high 
sediment concentrations in the Lake 
directly attributable to the coal mines and 
power station ash dams upstream.

Lake Macquarie contamination is more 
complex, as the former lead smelter was 
a major contributor to the lead, selenium, 
and cadmium contamination, at least in 
northern Lake Macquarie. However, sediment 
cores taken by HCEC from southern Lake 
Macquarie suggest a causal link between 
the power stations and the elevated metals 
and metalloids found in Lake waterbirds and 
regularly caught and consumed seafood. 

Nevertheless, all operating NSW coal-fired 
power stations are contributing to the 
concentrations of heavy metals afflicting 
our waterbirds. Many of which are also 
facing the significant challenges of climate 
change and habitat destruction. 

In light of the findings presented in this study, 
an investigation by the NSW EPA into the full 
extent of health impacts that may be afflicting 
water bird and their habitat contaminated 
by coal-power stations must take place.

According to the National Pollutant Inventory, 
coal fired power stations emit almost 40 
percent of NSW industrial point source air 
emissions of mercury and selenium, as well 
as 15 percent of arsenic and eight percent 
of cadmium. Most of this pollution could 
be reduced through the installation of 
flue gas desulphurisation technology (wet 
scrubbers) at operating power stations.

The clearest example of heavy metal 
contamination in birds is Lake Liddell.  
All the feathers collected from Lake Liddell 
contained concentrations of between one and 
three heavy metals shown to cause adverse 
health and reduce reproductive success. 

The large Black Swan population of Lake Liddell 
is exposed to the toxic effects of a number of 
heavy metals. One of the feathers, taken from 
the decaying carcass of an adult Black Swan, 
had concentrations of arsenic at three times, 
lead three times, and selenium five times 
published health impact thresholds. Selenium 
concentrations in two of the Cormorant feathers 
were acutely toxic. The selenium contamination of 
Lake Liddell is largely the result of discharge and 
leachate from the Liddell power station ash dam. 
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1 Winn et al, 2019. Winn et al, 2020. 

2 Tovar-Sánchez, et al, 2018.

3 Tovar-Sánchez, et al, 2018..

4 Tessier & Campbell, 1987: Thomas, Bendell-Young, 1998. 

5 Burger J. 2008.

6 Burger J, 1993: Lucia et al, 2010: Wayland & Scheuhammer, 2011.

Introduction
The Hunter Community Environment Centre 
(HCEC) has been analysing water and sediment 
samples taken from areas surrounding NSW 
power station coal ash dumps since 2018. 

Our findings, published in two reports,1 have 
been confirmed by previously unpublished 
assessments commissioned by the NSW 
Government between 2013 and 2015. These 
Environmental Site Assessments (ESAs) 
identified significant contamination at all NSW 
coal-fired power station sites - largely attributed 
to the very large coal ash waste dumps - and 
concluded that the concentrations of metals and 
metalloids identified in soil, sediment, surface 
water and groundwater represent a potential 
risk to human health and the environment.  

Because of their high solubility in water, 
metals and metalloids (“metals” will be used 
for convenience) can be absorbed by living 
organisms. Concentrations of metals can 
multiply as they accumulate in successive 
organisms along the food chain; from water to 

sediment, to algae, seagrass, and invertebrates, 
to fish, birds, and mammals. If the metals 
ingested accumulate beyond threshold 
concentration, they can cause serious health 
disorders and significant environmental harm.

Metal pollution has likely played an 
important role in global biodiversity 
decline.2 Long-term exposure to metals in 
the environment, even at low doses with 
chronic exposure, represents a major threat 
to wildlife populations and biodiversity.3

Sediment-dwelling organisms can accumulate 
metals above concentrations in the sediment4 
exposing consumers of these organisms to 
the now-mobilised metals. Some metals bio-
concentrate in the tissues of organisms at much 
higher levels than the waters and sediments 
in which they live.5 This is why birds feeding 
in shoreline habitats often accumulate higher 
levels of heavy metals and other trace elements 
than those in terrestrial environments.6
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Metals bioaccumulation in the food-web. Alison Ellis.

1 Salzano & Angelone, 2013; Ullah et al, 2014.

2 Custer et al, 2003; Johansen et al, 2004; Mansouri, et al, 2012.

3 Wei Zhang & Jian Zhang, 2011 

4 Jayakumar & Muralidharana, 2011. 

5 .Scheuhammer. 1987.

6 Janssens et al, 2003: Dauwea et al, 2004.

7 Bize et aL, 2002. 

8 Wei Zhang & Jian Zhang, 2011 

Waterbirds have the capacity to significantly 
accumulate metals above environmental 
pollution levels,1 which can influence the 
waterbird physiology, adversely affecting their 
feeding habits, growth, age, reproduction, 
moulting, migration and distribution.2

Waterbirds suffer severe health impairment or 
death when subjected to high concentrations of 
some  metals.3 Chronic exposure can also cause 
mortality and other acute effects.4  

The main consequences for birds exposed 
to chronic sub-lethal concentrations 
are reproductive dysfunction, increased 
susceptibility to disease, and behavioural 
changes.5 6 In addition, eggs of waterbirds 
exposed to heavy metals may impact early 
growth and nestling survival.7 At the population 
level, heavy metal contamination can lead 
to dramatic declines in the number of water 
birds and lead to regional extinctions.8
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9 Naccari, et al, 2009.
10 Naccari, et al, 2009.
11 Kim & Koo, 2007. 
12 Markowski, et al 2013.
13 Burger, 1993.

Two Black Swans and nest on Lake Liddell. July 2020. HCEC
.

Feathers are indicators of metals in birds 
because feathers can store and eliminate metals, 
especially into the growing feathers during the 
moulting process.9 While the concentrations 
increase with age and differ between feather 
types and function, concentrations are 
proportional to the body mass of animals and 
reflect the local contamination of a particular 
habitat,10 and representi long-term exposure.11 
Analysing metal content of feathers has 
been proven to be a reliable, non-invasive 
method of monitoring the potential ecological 
consequences of contamination. As they 
represent structures of the body in which metal 
deposition occurs, feathers can be as useful 
as internal organs in this respect and can be 
applied as bioindicators of metal pollution.12 13

This report sets out laboratory anaylses of 
metal concentrations in 40 randomly collected 
feathers discarded from a range of bird species 
and genera from the shores of three Lakes that 
are downstream from five NSW power station 
coal ash dumps shown to contaminate nearby 
sediment, as well as 14 feathers from background 
sites in Port Stephens and Myall Lakes National 
Park. We correlate these findings with known 
sediment concentrations, suggest likely pollution 
sources, and apply published health threshold 
concentrations to laboratory analyses of the 
feathers collected and identify possible impacts 
these metal concentrations may be having on 
waterbird species and local populations. 
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Methodology
With a National Parks and Wildlife Research Licence, we collected 40 feathers discarded by 
a range of birds from the shores of southern Lake Macquarie, eastern Lake Wallace, and 
northern Lake Liddell, and Port Stephens and Myall Lake as control sites (see Map 1). 

We washed the feathers in warm water, photographed them, and sent representative feathers to 
Envirolabs in Sydney for metal analyses (see Appendix 1 for laboratory reports) . 

We sent replica feather samples and photographs to the Australian Museum for identification (see 
Appendix 2 for digital records of feathers and Appendix 4 for Australian Museum identification).

Map 1: Feather collection sites

Myall LakeMyall Lake

Port StephensPort Stephens
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Results and discussion
Clear differences are apparent in the metal concentrations found in 
feathers from the four general areas. 

• Mercury was above detection limits (0.1 mg/kg) in feathers from all 
areas. However, maximum and mean concentrations were highest 
in the control area (Port Stephens/Myall Lake).

• Lead was above detection limits (1 mg/kg)  in feathers from all 
areas. Mean and maximum lead concentrations were highest in 
those collected from southern Lake Macquarie.

• Selenium was above detection limits (2 mg/kg) in feathers from all 
areas, but the maximum and mean concentrations were highest is 
those collected from Lake Liddell.

• Cadmium was only found above detection limits (0.4 mg/kg)  in 
feathers collected from southern Lake Macquarie.

• Arsenic was only found above detection limits (4 mg/kg) in feathers 
collected from Lake Liddell.
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Chart 1: Metal concentrations found in feathers from all four collection areas.

As will be discussed below, metal concentrations 
in feathers will differ for species with different 
foraging behaviour, dispersal, size, and 
longevity. However, estimates made through 
thorough field and laboratory study by a 
number of authors can be applied to suggest 
critical concentrations in feathers that have 
the potential to adversely affect health and 
reproductive success of birds. These thresholds 
concentrations and their sources are set 
out under the metals of concern below.

When applied to the concentrations 
found in the feathers we collected for 
this study the following is the result.

• Selenium: 85 percent (18/21) of 
the feathers collected from the 
contaminated areas exceeded published 
threshold concentrations (1.8 mg/kg), 
compared to 23 percent from the control 
areas (3/13).

• Lead: Almost 30 percent of the feathers 
from the contaminated areas had 
concentrations of lead with the potential 
to adversely affect the birds’ health 
and reproductive success (4 mg/kg), 
compared to only one of the 13 feathers 
(8%) from the control area.

• Mercury: None of the feathers collected 
from the contaminated areas had 
mercury concentrations above the 
published threshold level of 5 mg/kg.  
However, one feather from southern 
Lake Macquarie was just below this 
threshold (4.9 mg/kg). Two feathers 
from the control area contained 
mercury above adverse health threshold 
concentrations (8.6 mg/kg and  
7.7 mg/kg).
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• Arsenic: Arsenic was only detected in 
feathers from Lake Liddell where it was 
detected in four of the ten feathers. All 
were found to contain concentrations 
in the range of possible adverse health 
effects (1.3 mg/kg to 13 mg/kg).

• Cadmium: Cadmium was only detected 
in feathers from Lake Macquarie 
where it was detected in four feathers. 
Concentrations were above adverse 
health and reproductive effects 
thresholds (2 mg/kg) in one feather (5.9 
mg/kg).

1 Mailman, 1980; Thompson and Furness, 1998.

2 Elliott et al, 1992.

3 Virág Kertész, 2006.

4 Takekawa et al, 2002. 

5 Solgi, Eisa & Mirzaei-Rajeouni, Elham & Zamani, Abbas. (2020). 

6 Millener, 1972. 

In total, 24 of the 44 (55%) feathers collected 
contained concentrations of metals above health 
thresholds - 20/31 (65%) of these were from the 
contaminated sites. Feathers from three of these 
birds – one Cormorant from Lake Macquarie, 
and two Black Swans from Lake Liddell - were 
found to contain concentrations of at least three 
metals above published adverse health and 
reproductive success thresholds (See published 
feather thresholds for metals of concern below).

Metals of concern
Several metals can impact the health of 
wild populations of waterbirds. In general, 
mercury, cadmium and lead are of primary 
concern,1they are non-essential, and toxic2 
Lead and cadmium, in particular, have been 
shown to adversely affect embryogenesis, 
hatching success and viability of water birds.3 
Cadmium, mercury, and selenium have been 
shown to adversely affect the condition of birds 
by reducing their growth or body weight.4 

Differences in metal concentration between 
bird species from various locations can be 
due to differences in foraging location, prey 
types and prey size.5 Cormorants prey on fish 
and marine invertebrates, and do not travel 
far from their colonies (<20 km).6 Cormorant 
feathers were collected from all the lakes and 
waterways sampled. Metal concentrations 
found in feathers of Cormorants from all 
collection sites are set out in Chart 2 below.
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Chart 2: Metal concentrations in Cormorant feathers from all areas

When we apply the thresholds set out below, that data suggests the following toxic metals are at 
concentrations high enough to cause adverse health and reproductive success in birds residing in 
these areas;

• Arsenic, lead and selenium in Lake Liddell.

• Cadmium, lead, mercury and selenium in Lake Macquarie.

• Lead, mercury, and selenium in Lake Wallace.

• Lead and mercury in Port Stephens/Myall Lake.
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Chart 3: Mean metal concentration in feathers from all collection areas

7 Mandal & Suzuki, 2002. 

8 Koivula & Eeva, 2010. 

9 Sánchez-Virosta et al, 2015. 

ARSENIC
• Four of the ten feathers collected from 

Lake Liddell contained between 5 to 
13 mg/kg  arsenic. Mean concentration 
of the ten feathers (samples below the 
detectable limit were treated as zero) was 
2.8 mg/kg.

• None of the feathers analysed from Lake 
Macquarie, Lithgow, and Port Stephens 
contained any detectable arsenic.

• Detectable arsenic concentrations were 
found in one Cormorant feather (5 mg/
kg) and all four Black Swan feathers 
(three at 5 mg/kg , and one at 13 mg/
kg). The feather with the highest arsenic 
concentration (13 mg/kg) was taken from 
a Black Swan carcass. 

• Elevated arsenic concentrations were 
found in the flesh and organs of the crabs 
from southern Lake Macquarie (Wyee 
Bay – max. 9 mg/kg). Mannering Bay 
sediment core sampling suggests a two- 
to threefold enrichment of arsenic since 
Vales Point A was commissioned.

Thresholds
Wildlife can be exposed to a variety of forms of 
inorganic and organic arsenic which may vary 
in their bioavailability and toxicity, although 
all forms seem hazardous.7 Overall, arsenic 
acts as a toxin inactivating enzymes, and it 
can deplete the major antioxidants of cells,8 
and be carcinogenic.9 In birds, high doses of 
more than 24 mg/kg arsenic are fatal, and 
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sublethal effects range across reproductive, 
behavioural and physiological categories.10

Most studies of the effect of arsenic in birds 
have correlated, but have trouble distinguishing 
the effect of arsenic from other heavy metals.11 
However, a recent paper that dosed Great 
Tits (Parus major) in the field (using nest 
boxes) showed that nestlings with feather 
concentrations averaging 1.3 mg/kg exhibited 
some declines in wing growth, whereas nestlings 
with feather concentrations that averaged 13.6 
mg/kg showed increased mortality in the nest.12

CADMIUM
• Four feathers from southern Lake 

Macquarie contained detectable 
cadmium concentrations – two Pelicans 
(0.9 and 1 mg/kg) and two Cormorants. 
One Cormorant feather contained 5.8 
mg/kg, well above the 2 mg/kg adverse 
health threshold described below.

• The mean concentrations of the feathers 
collected from southern Lake Macquarie 
was 0.7mg/kg. 

• The sediment samples HCEC had 
analysed from southern Lake 
Macquarie - Crooked Creek (0.9mg/
kg), and Mannering Bay (1.4mg/kg) 
- and the Vales Point Environmental 
Site Assessment (Wyee Creek, Wyee 
Bay, and Mannering Bay >1.5mg/kg) 
suggest cadmium contamination of 
sediment around the power station sites, 
particularly Vales Point. The sediment 

10 Sánchez-Virosta et al, 2015. 

11 Sánchez-Virosta et al, 2015.

12 Sánchez-Virosta et al, 2018. 

13 Järup & Åkesson, 2009. 

14 Åkesson et al, 2014. 

15 Marettová et al, 2015.

16 Burger, 2008.

17 van Hattum et al, 1989. 

18 US EPA, 1995.

core HCEC took from Mannering Bay 
suggests sediment concentration has 
increased 15 fold since Vales Point A was 
commissioned in 1963. 

• Cadmium concentrations found in Lake 
Macquarie Cormorants (max 5.9 mg/
kg) suggest a bioaccumulation factor 
of about 4 compared to sediment 
concentrations (1.5 mg/kg), somewhat 
lower than that for Wyee Bay crabs 
(bioaccumulation factor of 6  - max. 9 
mg/kg).

• Cadmium was detectable in all the 
Lithgow sediment samples taken by 
HCEC (max 2 mg/kg at Springvale 
discharge), with 0.6 mg/kg in the Lake 
Wallace sample. Cadmium was not 
detected in the background sample.

Thresholds
Cadmium concentrates in the kidneys, 
which leads to kidney damage.13 At low 
concentrations, its most adverse effect 
may be on bone structure,14 and it can also 
cause reproductive problems, specifically 
interfering with spermatogenesis.15 Cadmium 
bioaccumulates, and, under some conditions 
may biomagnify.16 Cadmium concentrates in 
freshwater and marine animals hundreds to 
thousands of times higher than in the water. 
Reported bio concentration factors range from 
<200 to 18,000 for invertebrates,17 and from 3 
to 4,190 for freshwater aquatic organisms.18
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Cadmium has been shown to adversely 
affect embryogenesis, hatching success and 
viability of water birds.19 Cadmium causes 
sublethal behavioural effects at lower 
concentrations than lead and mercury.20 
Conversion factors developed from Burger 
199321 suggest that feather levels associated 
with adverse effects would range from 1 
mg/kg (shearwaters) to 2 mg/kg (terns). 
However, a rough estimate of the level of 
adverse effects in feathers was estimated by 
Burger and Gochfeld (2000b) at 2 mg/kg.

LEAD
• All the feathers collected from the three 

contaminated sites, as well as nine of 
the 13 feathers collected from Port 
Stephens/Myall Lakes NP, contained 
detectable lead.

• Feathers of a Pelican, Cormorant, 
White-faced Herron, and a Crake/Rail/
Swamphen, from Lake Macquarie, had 
significant lead concentrations; above 
threshold levels for the birds’ health  
(4 mg/kg). 

• Lead was detected in all but three 
Cormorant feathers – White tree 
Bay, Swan Bay and Lake Liddell. The 
concentration of lead in the cormorant 
feather collected from Lake Wallace was 
15 mg/kg, significantly higher than Lake 
Macquarie (max. 8 mg/kg), and Lake 
Liddell (max. 2 mg/kg), and the control 
sites (max. 2 mg/kg). Lead is of particular 
concern in Lake Wallace. Analysis of 
HCEC sediment sample from the western 
shore of Lake Wallace shows 270 mg/
kg, above the 220 mg/kg ANZECC High 
Guideline Value.

19 Virág Kertész, 2006.

20 Eisler, 1985. 

21 Burger, 1993.

22 Plaza & Lambertucci, 2019. 

Lake Macquarie and Lake Wallace 
Cormorant feathers were 2 and 4 times 
the concentrations of 4 mg/kg of lead in 
feathers identified as threshold level for 
adverse effects of lead that may cause 
adverse health and reproductive effects.22

A Pelican feather collected from southern 
Lake Macquarie (Muddy Lake) contained the 
highest lead concentration (27 mg/kg); almost 
seven times the identified threshold may cause 
adverse health and reproductive effects. 

The Mannering Bay sediment core set out 
in Winn et al (2021), suggests a fourfold 
enrichment of lead since Vales Point A was 
commissioned to 8 mg/kg, HCEC’s sediment 
samples taken from Crooked Creek, the result 
of historic ash dam contamination found 
concentrations of lead at 16, 29 and 36 mg/kg.
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 Purple Swamphen. Alison Ellis

23 Burger and Gochfeld 1994

24 Burger and Gochfeld 2000

25 Virág Kertész, 2006.

26 ATSDR, 2007.

27 ibid

Thresholds
Lead is a non-degradable metal, and 
concentrations of 4 mg/kg dry weight in 
the feather are known to be associated 
with several behavioural, physiological, and 
nutritional toxicities in wild birds,23 such 
as nervous system alteration, behavioural 
deficits, and growth slowdown.24

Lead has been shown to adversely 
affect embryogenesis, hatching success 
and viability of water birds.25

Older organisms tend to contain the greatest 
body burdens of lead. In aquatic environments, 
lead concentrations are usually highest in 
benthic organisms and algae, and lowest in 
upper trophic level predators (e.g., carnivorous 

fish).26 Bio-concentration factors for aquatic 
biota are: 42 for fish, 536 for oysters, 500 for 
insects, 725 for algae, and 2,570 for mussels.27

SELENIUM
• Detectable selenium was found in all but 

two Cormorant feathers. 

• The two Lake Liddell Cormorant feathers 
were found to have concentrations likely 
to be acutely toxic  (20 mg/kg; 21 mg/
kg )- four times that of the other site’s 
maxima (Lake Macquarie and Lake 
Wallace max. 5 mg/kg), and ten times 
that of the control sites (Swan Bay and 
White Tree Bay 2 mg/kg).  
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• While HCEC sediment samples, taken 
from the northern shore (Caravan Park) 
contained 3 mg/kg selenium, enough 
to cause bioaccumulation in predators, 
the Bayswater Environmental Site 
Assessment revealed maximum 45.2 
mg/kg selenium in sediment collected 
from the bay north of the Liddell Power 
Station, and an average concentration of 
6.2 mg/kg across the Lake. 28

Thresholds
About 5 mg selenium per day is considered 
toxic in the human diet, making it the third 
most toxic trace element after mercury 
and lead.29 Significant bioaccumulation 
can occur in aquatic food chains at water 
concentrations as low as 2mg/kg.30 

The most sensitive biological indicators of 
aquatic ecosystem-level impacts of selenium 
are reproductive effects in fish and aquatic 
birds. 31 Despite its status as an essential trace 
element, waterborne selenium concentrations 
of 2 mg/kg or greater are considered highly 
hazardous to the health and long-term 
survival of sensitive fish and aquatic birds.32 

Dietary exposure due to food-chain 
bioaccumulation is responsible for the 
reproductive effects, not direct waterborne 
toxicity.33 Some species will be relatively 
unaffected at the 2 mg/kg level, but sensitive 
species, many of which are the most 
important in terms of ecological integrity and 

28 ERM, 2014a. ERM, 2014b.

29 Alloway & Ayres, 1993.

30 Peterson & Nebeker, 1992.

31 Lemly, 2002. 

32 Lemly, 2002. 

33 ibid

34 ibid

35 ibid

36 Lemly, 1999. 

37 Lemly, 1982: Lemly, 1985a: Lemly, 1997a. 

38 Lemly, 1993b. 

public recreational value, can be seriously 
affected. 34 Under certain environmental 
conditions, waterborne concentrations of 
0.001 mg/kg or less have the potential to 
bio-accumulate to levels in the food chain 
that are toxic to predatory species.35

Selenium in water can be concentrated from 
100 to more than 30,000 times in the food 
organisms eaten by fish and wildlife, which 
exposes them to a highly concentrated dietary 
source of contamination. Biomagnification may 
also occur, resulting in a two- to sixfold increase 
in selenium between primary producers 
and forage fish.36 If the ecosystem is allowed 
to reach equilibrium such that recycling of 
selenium from sediment occurs, the detrital 
food pathway can deliver toxic doses of 
selenium for many years even if waterborne 
sources are eliminated.37 Thus, bioaccumulation 
in aquatic food chains, and dietary transfer to 
eggs, cause otherwise innocuous concentrations 
of waterborne selenium to become toxic.38

Aquatic organisms consumed by fish and 
birds strongly bioaccumulate selenium—
hundreds to thousands of times the 
waterborne concentration—but are 
unaffected by tissue residues that are high 
enough to cause reproductive failure when 
consumed by fish and aquatic birds. 

A significant portion of the selenium consumed 
by wildlife is passed to their offspring in eggs, 
where it can kill developing embryos outright 
or induce a variety of lethal or sublethal 
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teratogenic deformities.39 However, parents that 
consume a selenium-laden diet can experience 
partial or complete reproductive failure without 
exhibiting symptoms of selenium toxicosis 
themselves.40 At high enough doses selenium 
toxicity can devastate wildlife populations. 
For example, it was estimated in 1997 that 
annual avian losses due to selenosis in parts 
of California were as high as 10,000.41 

Selenium has been reported as an antagonist 
to mercury, due to it forming an inert and 
stable compound that then reduces mercury 
toxicity.42 Selenium is also known to reduce 
the toxicity of cadmium,43 so its presence 
might be critical to how birds cope with high 
levels of the most toxic metals/metalloids.

For selenium, feather levels of 3.8 to 
26 mg/kg (depending upon species) 
result in mortality,44 and 1.8 mg/kg 
result in sublethal adverse effects.45

MERCURY
• Mercury was highest in a Cormorant 

feather from one of the control sites 
(Swan Bay: 8.6 mg/kg), significantly 
above the 5 mg/kg feather concentration 
estimated for adverse effects,46 such as 
reduction in growth or body weight.47 

• Ten of the fourteen feathers collected 
from the control sites contained 
detectable mercury. 

39 Lemly, 1993c. 

40 Lemly, 1999. 

41 O'toole & Raisbeck, 1997. 

42 Koeman et al, 1973. Yang et al, 2008.

43 Lin et al, 2012

44 Burger, 1993

45 Heinz, 1996. 

46 Burger & Gochfeld, 2000b.

47 Takekawa et al, 2002. 

• The control sites had an average mercury 
concentration of 2.4 mg/kg, compared 
to 0.9 mg/kg in those from Lake Wallace, 
and 0.75 mg/kg in those from southern 
Lake Macquarie.

• A Cormorant feather from southern 
Lake Macquarie (Lake Eraring) was found 
to contain 4.9 mg/kg, just under the 
estimated health threshold. 

 



23

Thresholds
Mercury is a well-known neurotoxin that can be 
a threat to wildlife health,48 as well as human 
health. Mercury biomagnifies across trophic 
levels, and thus is highest in carnivores.49 

Mercury concentrations above 5 mg/
kg in feathers are associated with 
adverse reproductive effects in birds.50 
However, concentrations of 15 mg/
kg mercury are required for adverse 
effects in some predatory birds.51

48 Scheuhammer et al, 2007.

49 Lavoie et al, 2013. 

50 Eisler, 1987.: Burger & Gochfeld, 2000b; 

51 Spry & Wiener, 1991: Wiener & Spry, 1996. 

52 Jackson et al, 2011. 

53 Fuchsman et al, 2017.

 More recently, it has been suggested that 
adverse effects could be encountered 
even at 3 mg/kg in tail feathers for 
small passerines,52 although this level 
may be lower than warranted.53

Pied Cormorant. HBOC.
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Major regional heavy 
metal sources

54 Meij and teWinkel, 2007; Schneider et al., 2014a

55 Winn et al, 2021.

56 Winn et al, 2021.

Coal-fired power stations are a major source 
of heavy metals, which are emitted into the 
atmosphere and deposited into catchments and 
waterways, directly discharged to waterways 
from ash dams, and leached from unlined 
coal ash dams into groundwater. Metal 
contamination has markedly increased in water 
bodies close to operating coal-fired power 
stations.54 Schneider et al, 2020, suggested 
that coal mining and coal burning for electricity 
production were the main drivers of increases 
in metal concentrations in Lake Glenbawn, 30 
km north west of Bayswater power station.

In Out of the Ashes II, 55 we set out National 
Pollutant Inventory estimates for the proportion 
of industrial point source air emissions from 
NSW coal-fired power stations: These include:

• Arsenic 15%

• Cadmium 8%

• Lead 6%

• Mercury 38%

• Selenium 41%,

We also set out mean concentrations 
of heavy metals found in NSW power 
station fly ash and estimated the 
percentage leachate. 56 These included: 

• Arsenic 16 mg/kg; 3% - 0.5 mg/l leached. 

• Cadmium 0.5 mg/kg; 13% -0.06 mg/l 
leached.

• Mercury 0.1 mg/kg; 11% -0.012 mg/l 
leached.

• Lead 57 mg/kg; 0.05% -0.024 mg/l 
leached.

• Selenium 4 mg/kg. 23% - 1 mg/l leached.

We estimated heavy metal leachate from 
power station coal ash waste dumps in NSW. 
These included annual leachate estimates of:

Arsenic 

• Liddell ash dam, which drains into Lake 
Liddell each year - 360 kg,

• Mt Piper and the former Wallerawang 
ash dumps, upstream of Lake Wallace - 
240 kg, 

• Eraring and Vales Point ash dumps (Lake 
Macquarie) - 1000 kg. 
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Lead

• Liddell - 17kg.

• Lithgow ash dams - 12 kg.

• Eraring and  Vales Point – 50 kg,

Selenium

• Liddell  - 670 kg 

• Mt Piper and Wallerawang - 677 kg.

• Eraring and Vales Point – 1964 kg,

57 Schneider, 2014.

58 Schneider, 2014.

Mercury

• Liddell – 8 kg,

• Mt Piper and Wallerawang – 9 kg.

• Eraring and Vales Point – 25 kg,

Cadmium

• Liddell – 42 kg.

• Mt Piper and Wallerawang – 43 kg.

• Eraring and Vales Point – 124 kg.

Lake Macquarie 
Lake Macquarie, a wave-dominated barrier 
lagoon between Sydney and Newcastle, is the 
largest coastal estuary in eastern Australia 
covering an area of about 110 km2. With the 
exception of the entrance at the Swansea 
Channel, tidal currents are non-existent in most 
of the Lake, with winds producing larger changes 
in water levels than tides.57 Despite the poor 
tidal exchange, the lake has a marine character 
due to minimal inflows from the two main 
freshwater creeks of Dora Creek in the south 
of the Lake and Cockle Creek in the north.58

Twelve feathers from five genera of 
waterbird, one Tawny Frogmouth, and one 
Black-faced Cuckoo Shrike were collected 
from southern Lake Macquarie.  

• Myuna Bay and Whiteheads Lagoon 
are downstream from both the Eraring 
power station ash dam and cooling water 
discharge. 

• Wyee Bay and Mannering Bay receive 
ash dam overflow, potential leachate, 
and cooling water discharge from Vales 
Point power stations.

• Lake Eraring and Muddy Lake are 
important waterbird foraging, roosting, 
and nesting sites.
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Map 2: Southern Lake Macquarie collection sites and power stations

Chart 4: Metal concentrations in feathers collected from Lake Macquarie and Australian Museum identification.
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• Significant concentrations of lead were 
found in all the waterbird feathers, and 
the Shrike. 

• Five of the feathers, including the 
Frogmouth, contained significant 
concentrations of selenium (2 – 5 
mg/kg), and above published health 
threshold levels (1.8 mg/kg).

• Detectable cadmium was found in 
four feathers, including two Pelicans, 
one from Lake Eraring (0.8 mg/kg) and 
one from Whiteheads Lagoon (0.9 mg/
kg), and two Cormorants, one (5.8 mg/
kg) well above estimated health impact 
thresholds (2 mg/kg) from Lake Eraring, 
and one from Whiteheads Lagoon (0.8 
mg/kg).

• Mercury was found in four feathers, two 
cormorants (Muddy Lake – 1.2 mg/kg; 
Lake Eraring - 4.9 mg/kg), a White-faced 
Herron (Mannering Bay 0.4 mg/kg), and 
a White Ibis/Straw-necked Ibis (Muddy 
Lake 1.6 mg/kg). None above health 
thresholds (5 mg/kg).

White-necked Heron and Purple Swamphen. HBOC.
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Table 1: Laboratory results - all Lake Macquarie feathers
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Vales Point Environmental Site Assessment
Selenium and cadmium contamination of southern Lake Macquarie have been identified by numerous 
studies.59 The Environmental Site Assessment commissioned by NSW Treasury for Vales Point60 
identifies cadmium and selenium in sediments of Wyee Creek and Mannering Bay. These include:

Cadmium: 

• Two sediment samples collected from within Wyee Bay were in excess of ANZECC sediment 
guideline values. 

• Sample collected from the control area in excess of the ANZECC sediment guideline values. 

Selenium 

• Exceedances in numerous sediment samples collected from lower Wyee Creek (max. 26 mg/kg) 
and Mannering Bay (max. 8 mg/kg).  

• Concentrations generally increasing down the Creek towards Mannering Bay. 

• Elevated concentrations within sediments in offsite surface water bodies down-gradient of 
the Ash Dam (Wyee Bay, Mannering Bay, and Wyee Creek) represent a potential risk to the 
environment (ecological exposure and ingestion of fish).61

Metals in Wyee Bay crabs
A 1996 NSW health study found mean selenium concentration of the muscle of Lake Macquarie finfish 
was 1.2 mg/kg (dry weight).62 Dalton and Bird (2003) conducted a risk assessment for consumption 
of fish species from Lake Macquarie based on sampling and analysis conducted and reported that 
the allowable intake of fish based on selenium concentrations was 1.35 kg/week for an adult.

Documents obtained by the HCEC in 2020 from the then-NSW Office of Environment and Heritage 
(OEH) under freedom of information law suggest these concentrations have not changed markedly 
over the intervening 24 years.63 Mud crabs, however, were found to have concentrations above 
levels that could cause human exposure to cadmium toxicity if consumed more than once a week. 

• Mean concentrations of cadmium in Mud Crabs was found to be 2.5 mg/kg, and Blue 
Swimmer Crabs was 0.75 mg/kg. The maximum cadmium concentration of 3.4 mg/kg was from 
a Mud Crab from the very northern end of Lake Macquarie. 

• The maximum arsenic concentration was 70 mg/kg from a Blue Swimmer Crab from the very 
southern end of Lake Macquarie.

• Maximum selenium was 3 mg/kg from a bream caught in central Lake Macquarie. The 
maximum selenium in a crustacean was found in a Mud Crab (2 mg/kg) from the very northern 
part of the Lake.

59 Peters et al, 1999b; Roach, 2005; Roach et al, 2008; Roberts, 1994; Roach, 2005; Roach et al, 2008; 
Schneider, 2014.

60 ERM, 2014.

61 ERM, 2014d. 

62 Dalton & Bird, 2003. 

63 OEH EPS Branch, 2019.
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HCEC collected flesh, organs and shell from two male Blue Swimmer Crabs and one male Mud 
Crab caught in a dilly trap from the southern end of Wyee Bay in late 2020, and sent them for metal 
analyses. (See (Appendix 1 and 3).

• The flesh and organs of the Mud Crab were found to contain significant concentrations of 
Selenium - 4 mg/kg and 3 mg/kg respectively. 

• Cadmium was found in the shell and organs, but not the flesh, of all three crabs. The organs 
contained significantly higher concentrations of cadmium; the Blue Swimmer Crabs 5.3 mg/kg 
and 5.7 mg/kg, and the Mud Crab 9.1 mg/kg.

• Significant concentrations of arsenic was found in the flesh and organs of all three crabs;

 ° Blue Swimmer 
 - 9 mg/kg: 9 mg/kg,  

 - 8 mg/kg; 6 mg/kg, 

 ° Mud Crab 
 - 8 mg/kg; 6 mg/kg.

Chart 5: Metal concentrations found in crabs from southern Lake Macquarie – Wyee Bay

Mannering Bay sediment core
As we reported in Out of the Ashes II, HCEC took a 30 cm sediment core from Mannering Bay and 
asked ANSTO to provide a lead 210 isotopic dating analysis. ANSTO identified 15 dates from 1930 to 
2019. Laboratory analysis of the sediment samples taken from these time stamps, shows a substantial 
increase in metal concentrations between 1960 and 1970.  
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Vales Point A was commissioned in 1962. The time series shows that from 1930 to 1960 little increase 
in metal concentrations was apparent. Since 1960;

1. Cadmium concentrations increased by a factor of 15, 

2. selenium by 8 to 10, 

3. lead by 4, and 

4. arsenic by 2 to 3.  

Charts 6: Metal concentrations found in dated sediment core 64 

64 From Winn et al, 2020.
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Eraring power station Environmental Site Assessment
The Environmental Site Assessment commissioned by NSW Treasury for Eraring power station65 
reveals that:

• Arsenic exceeded ANZECC sediment guidelines (20 mg/kg) in nineteen sediment samples 
with maximum of 33 mg/kg - inked to historical discharges to Crooked Creek or Whiteheads 
Lagoon. 

• Selenium concentrations in surface sediments likely related to fly ash from the power station, 
including the direct release of seepage from the Ash Dam into Crooked Creek prior to 1991. 

 ° Return Water Dam (max. 42 mg/kg) 

 ° Crooked Creek (6.3 mg/kg; 18 mg/kg) 

 ° Southern end of Whiteheads Lagoon (up to 5 mg/kg). The Myuna Bay sediment 
samples were of the same order of magnitude as those measured in the control 
locations.66

HCEC sediment analysis
HCEC took sediment samples from Crooked Creek in 2020. 

The maximum concentrations in our samples were: 

• Selenium 110 mg/kg, well above ANZECC Default Guideline Value (20 mg/kg) and High GV (70 
mg/kg).67

• Arsenic 160 mg/kg.

• Lead 36 mg/kg.

• Cadmium  0.9 mg/kg

65 ERM, 2015. 
66 ERM, 2015. 
67 https://www.waterquality.gov.au/anz-guidelines/guideline-values/default/sediment-quality-toxicants
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Chart 6: Metal concentrations in HCEC sediment samples from Crooked Creek 2020.
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Table 2: Laboratory results and interim sediment quality guidelines (ISQG) for sediment samples taken from Crooked 
Creek October 2018 –Eraring power station emergency discharge to Myuna Bay68

68 From Winn et al, 2019.
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Lake Wallace 

Constructed in 1978 by damming the Cox’s River, Lake Wallace provided the decommissioned 
Wallerawang power station with cooling water. The Cox’s River ultimately flows to 
Warragamba Dam, which stores much of Sydney' s drinking water supply.

Map 3: Lake Wallace feather collection site and Mt Piper power station
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Chart 7: Lake Wallace feather metal concentrations

Seven of the nine feathers collected from Lake Wallace contained detectable concentrations of lead, 
mercury, and selenium.

• Seven feathers had detectable lead between 1 and 15 mg/kg. One water bird (Cormorant) 
contained 15 mg/kg lead, almost six times the adverse health impact threshold (4 mg/kg).

• Three of the nine feathers contained detectible selenium (3, 3, 5 mg/kg). All three were above 
adverse health impact thresholds (1.8 mg/kg).

• Five of the nine feathers contained detectable mercury between. However, a Crested Pigeon 
(excluded from the chart) contained 9.2 mg/Kg)
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 Table 3: Laboratory results of sediment samples compared to ANZECC DGVs.

Masked Lapwing. HBOC.
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69 ERM, 2014.

HCEC sediment analysis 
The Environmental Site Assessment commissioned by NSW Treasury69 did not assess Lake Wallace.

Chart 8: Metal concentrations in HCEC Lithgow sediment samples 2020.

We published the results of analyses of sediment taken from waterways surrounding the two coal ash 
dams near to Lithgow, and upstream of Lake Wallace.

• Sediment taken from Lake Wallace itself, 
was found to contain lead concentrations 
of 270 mg/kg (above ANZECC High 
Guideline Value – 220 mg/kg). Springvale 
Colliery discharge sediment was 74 mg/
kg, above ANZECC DGV (50 mg/kg). 
Background was 5 mg/kg.

• Arsenic was found to be above ANZECC 
DGV (20 mg/kg) in Sawyers Swamp Creek 
(55 mg/kg), which drains the Wallerawang 
power station ash dam. Background was 5 
mg/kg.

• Cadmium was above ANZECC DGV (1.5 
mg/kg) at Springvale Colliery discharge 
(2 mg/kg) and 0.6 mg/kg in Lake Wallace. 
Cadmium was not detected in the 
background sample.

• Selenium was 2 mg/kg, increasing 
towards the ash dumps, with Neubecks 
Creek at 5 mg/kg. Selenium was not 
detected in the background sediment 
sample.

• Mercury was not detected in any of the 
Lithgow sediment samples.
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Table 4: HCEC laboratory results Lithgow sediment samples 2020.

Lake Liddell

70 ERM, 2014a. 

ERM, 2014b. 

Lake Liddell, a water storage reservoir for the power station, has a surface area of around 
1100 ha and is up to 32m deep and supplies cooling water to Liddell Power Station and 
make-up water for the Bayswater power station Cooling Water Makeup Dam. It also accepts 
a range of treated discharges. The lake is constructed in a natural valley at the confluence 
of Bayswater, Tinkers and Maidswater Creeks and the two power station ash dams. 

Water is periodically discharged from Lake Liddell to manage salinity and water level. The discharge 
point is at the dam wall, and discharges flow via Bayswater Creek to the Hunter River, approximately 
13 km downstream. Discharges of salt are managed under the Hunter River Salinity Trading Scheme.70
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 Black swan and cygnets. HBOC.

Lake Liddell and Liddell power station. HCEC. 
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Map 4: Lake Liddell feather collection site and power stations.

• Selenium was found in all the feathers collected from Lake Liddell (3-21mg/kg). Many of these 
are well in excess, some by an order of magnitude, of estimated health impact thresholds.

• Arsenic was found in four feathers (three Black Swans (5; 5; 13 mg/kg) and a cormorant (5 mg/
kg)).

• Lead was found in eight feathers, including all four swan feathers (3; 5; 9 mg/kg).

• Mercury was detected in three feathers (two Cormorants and a Pied Stilt/Masked Lapwing.

• The feather with the highest metal burden containing the highest concentrations of arsenic 
(13 mg/kg), lead (9 mg/kg), and selenium (10 mg/kg) was taken from an adult Black Swan 
carcass.
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Chart 9: Lake Liddell feather metal concentrations 

Table 5: Laboratory results of feathers collected from Lake Liddell
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Bayswater Environmental Site Assessment
The ESA for the Bayswater site found significant metal contamination of Lake Liddell.

Boron and selenium were found to be the primary metals of ecological 
concern in relation to surface water within Lake Liddell. 

Metal contamination of sediments of Lake Liddell include: 

• Arsenic concentrations exceeded ANZECC Guidelines at all but five sediment sampling 
locations. Arsenic concentration at the reference location was the highest recorded in the lake. 
The exceedances are therefore not considered to be a result of site activities. 

• One exceedance of the mercury ISQG-High, at the sampling location closest to the Power 
Station. Mercury exceeded the ISQG-High at one location, where coal fines were noted.

• Selenium exceeded the ecological screening criteria in surface water samples collected from 
the unnamed creek to the north of the Pikes Gully Ash Dam spillway and in eight samples from 
within Lake Liddell. The maximum selenium concentrations in sediment was 45.2 mg/kg, with 
an average concentration across the Lake of 6.2 mg/kg.71

HCEC sediment analysis

71 ERM, 2014a. 

ERM, 2014b.

Chart 10: Lake Liddell sediment metal concentration
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Table 6: Laboratory results of sediment collected by HCEC from Lake Liddell 202072

Port Stephens – Myall Lakes

72 From Winn el al, 2020.

Port Stephens, a drowned river valley marine estuary and Myall Lake, part of the larger Myall Lakes 
brackish barrier lake system, are part of the Port Stephen Great Lakes Marine Park.

Port Stephens is a large natural harbour of approximately 134 km2 in the Hunter Region, about 
160 km north-east of Sydney. 

Myall Lakes are a series of fresh water lakes protected under the Ramsar Convention, and mostly 
surrounded by the Myall Lakes National Park, about 250 km north of Sydney. There are three lakes 
in the system, Myall Lake, Boolambayte Lake and The Broadwater. When full, Myall Lake covers an area 
of around 5,800 ha.

https://en.wikipedia.org/wiki/Harbour
https://en.wikipedia.org/wiki/Hunter_Region
https://en.wikipedia.org/wiki/Sydney
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Map 5: Control collection sites Myall Lakes NP and western Port Stephens

 Pelicans on Myall Lake.2020. HCEC.  
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Chart 11: Port Stephens/Myall Lake sediment feather concentrations

Lead, selenium, and/or mercury was detected 
in the 12 of the 13 feathers collected 
from Port Stephens and Myall Lake.

• Lead was detected in nine feathers (1 – 
14 mg/kg). One Pelican feather contained 
14 mg/kg, over three times the threshold 
for adverse health impacts (4mg/kg).

• Selenium was detected in three feathers 
(all 2mg/kg), all above health threshold 
levels (1.8mg/kg).

• Mercury was detected in 10 feathers 
(0.1 – 8.6 mg/kg). Two of which (a Great 
Cormorant and a Duck) had mercury 
concentrations above health impact 
thresholds (5mg/kg)

Table 7: Laboratory results of feathers collected from Myall National Park and Port Stephens
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Pied Cormorant. HBOC. 

73 Gade, 2015.

74 Nelson et al, 2012. 

Mercury source
Mercury was detected in feathers from all 
collection areas. However, mercury was 
found in the greatest number of birds, with 
the highest maximum mercury concentration 
and the highest mean mercury concentration 
in feathers collected from the control area, 
within the Port Stephens Great Lakes Marine 
Park, between 90 and 120 km south east 
from the nearest major mercury emission 
source (Bayswater power station). 

Globally, coal-fired power stations account for 
approximately 50 percent of anthropogenic 
emissions of mercury.73 A 2012 study 
identified the three sectors that contribute 
most to Australian anthropogenic mercury 
emissions, gold smelting (49.7%), coal 

combustion in power stations (14.8%), and 
alumina production from bauxite (12.2%).74 

The authors point out, however, that gold 
smelting emissions are from a single location at 
Kalgoorlie in Western Australia. Coal combustion 
from power stations on the Australian 
east coast therefore contributes about 30 
percent anthropogenic mercury emissions. 

Mercury is a natural component of coal and 
is released into the environment during 
combustion. Mercury is liberated in several 
forms that can be categorised into elemental, 
inorganic and organic mercury. These forms 
differ in their degree of toxicity, with the 
organic mercury being the most toxic.
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Mercury is most bioavailable and toxic when it 
is methylated (organic mercury), which is usually 
facilitated by bacteria in anoxic conditions, such 
as sediments.75 Organic mercury is formed after 
deposition on the land and surface waters.76 

Mercury spends about a year in the 
atmosphere before settling, allowing it to 
be very widely distributed and eventually 
deposited on terrestrial or water surfaces.77

Schneider et al (2021a) identified that 
mercury deposition in Lake Glenbawn (30km 
north west of Bayswater power station) 
increased by 300 percent in the 1970s after 
the commissioning of Liddell Power Station 
and that near-source deposition of mercury 
is significantly higher in Australia than North 
America and Europe, where better emission 
controls (e.g. wet flue gas desulfurization) 
have been in effect for decades.78

In Lake Glenbawn, mercury concentrations and 
deposition fluxes increased from about 1971, 
when Liddell was commissioned, reached a 
peak in around 1989, just before Liddell was 
retrofitted with bag filters, which occurred 
in 1990. Although Bayswater, commissioned 
in 1986, has a higher electricity production 
capacity (2640 MW) than Liddell (2000 MW), 
there was minimal increase in mercury 
deposition to Lake Glenbawn from 1986 
to 1990. This is likely a result of Bayswater 
being commissioned with bag filters in place, 
a more efficient technology to control metal 
emissions than the original electrostatic 
precipitation technology at Liddell. 79

For Lake Macquarie, Schneider et al (2021b) 
found mercury deposition increased up to 
7-times following coal-fired power plants 
being commissioned in the catchment and 
that mercury deposition decreased following 

75 Ullrich et al, 2001. 

76 Gade, 2015.

77 Schneider et al, 2021a. 

78 Schneider et al, 2021a. 

79 Schneider et al, 2021a. 

80 Schneider et al, 2021b.

81 Schneider et al, 2021a; Schneider et al, 2021b.

power plant bag-filter retrofits. The authors 
found the coal ash dams contributed little to 
the mercury concentrations of Lake Macquarie 
sediment and that contamination in the lake 
is a result of atmospheric emissions from the 
power stations.80 Mercury concentrations in the 
sediment of southern Lake Macquarie peaked 
in 1978 and following the commissioning 
of Eraring power station in 1981. 

The authors found increases in mercury 
fluxes in Lake Macquarie and Lake Glenbawn 
were similar to those of lakes near coal-fired 
power stations in North America. However, 
contrasted with Lake Macquarie and Lake 
Glenbawn, which has shown a small decrease 
in mercury concentrations since bag filters 
were introduced, sediment archives collected 
from lakes in North American and Europe show 
marked declines in mercury concentrations 
and fluxes in recent decades associated with 
the retrofitting of emission control technologies 
in coal-fired power plants (e.g., wet scrubbers) 
and stricter regulation of emissions.81

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/flue-gas
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Conclusion
This report identifies trophic level 
bioaccumulation of metals in birds from three 
lakes near NSW coal-fired power stations 
and their associated coal ash dumps. 

Concentrations of metals found in 65 
percent of the feathers collected from 
the three contaminated lakes were above 
identified adverse health and reproduction 
thresholds. However, half of all the feathers 
collected from all the sites, including the 
controls area (Port Stephens/Myall Lake) 
within the Port Stephens Great Lakes Marine 
Park, contained metal concentrations 
at or above health threshold levels.

Nevertheless, clear differences are apparent 
in the metal concentrations found in feathers 
from southern Lake Macquarie, Lake Liddell, 
Lake Wallace, and the Port Stephens Great 
Lakes Marine Park. The highest maximum 
and mean feather concentrations for:

• Mercury in the control area (Port 
Stephens/Myall Lake).

• Lead and cadmium in southern Lake 
Macquarie.

• Selenium and arsenic in Lake Liddell.

The following metals are at concentrations high 
enough to cause concern for bird populations;

• Arsenic, lead and selenium in Lake 
Liddell.

• Cadmium, lead, mercury and selenium in 
Lake Macquarie.

• Lead, mercury, and selenium in Lake 
Wallace.

• Lead and mercury in Port Stephens/Myall 
Lake.

The clearest example of metal contamination 
is Lake Liddell. All the feathers collected 
from there contained concentrations of 
between one and three heavy metals that 
could potentially cause adverse health and 
reproductive success. The large Black Swan 
population of Lake Liddell is likely suffering 
from the toxic effects of a number of heavy 
metals. One of the feathers taken from the 
decaying carcass of an adult Black Swan had 
concentrations of arsenic at three times, lead 
three times, and selenium five times adverse 
health and reproduction impact thresholds. 

Indeed, selenium is identified by Government 
commissioned documents as the primary 
metal of ecological concern in Lake Liddell, 
which has been found to have mean selenium 
concentrations over three times those reported 
as safe. Selenium concentrations in two of the 
Cormorant feathers collected were acutely toxic. 
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While questions remain over the source of arsenic in Lake Liddell, the selenium contamination of Lake 
Liddell is almost certainly a result of discharge and leachate from the Liddell power station ash dam. 1

Studies have confirmed that burning coal for electricity production is a major driver of increases in 
metal concentrations in lakes close to NSW power stations. The sources of this contamination includes 
atmospheric emissions, direct discharge to waterways from ash dams, and coal ash leachate. 

This mirrors experiences in other parts of the world, where metal contamination has markedly 
increased in water bodies close to operating coal-fired power stations.

Studies suggest coal-fired power stations are responsible for 30 percent of anthropogenic mercury 
emissions in eastern Australia. The concentrations of mercury in feathers collected from the Port 
Stephens Great Lakes Marine Park, as well as mercury contamination found generally, are therefore, 
primarily the result of atmospheric deposition of mercury emitted by NSW coal fired power stations, 
the closest of which are Bayswater and Liddell.

1 Burger, 1993

 
Baywater power station. HCEC.

Lead concentrations in feathers from Lake Wallace correlate with the very high sediment 
concentrations in that lake which are directly attributable to the coal mines and power station ash 
dams up stream.
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Lake Macquarie contamination is more complex, as the former lead smelter at the northern end of 
Lake Macquarie was a major contributor to the lead, selenium, and cadmium contamination, and even 
birds with low dispersal are likely to roam from southern to northern Lake Macquarie. However, the 
sediment core taken by HCEC from Mannering Bay, at the southern end of Lake Macquarie, strongly 
suggests Vales Point coal-fired power station is one of the major drivers of metal contamination.

According to the National Pollutant Inventory, coal-fired power stations emit about 40 percent of NSW 
industrial point source air emissions of mercury and selenium, as well as 15 percent of arsenic and 
eight percent of cadmium. Much of this pollution could be reduced through the installation of flue gas 
desulphurisation technology (wet scrubbers) at operating power stations.

Our previous reports on coal ash contamination, as well as Government commissioned Environmental 
Site Assessments, point to the lingering issue of heavy metal leachate from inadequately contained 
NSW power station coal ash dumps. The ongoing risks to human health and the environment from the 
hundreds of millions of tonnes of coal ash waste on waterways can only be removed when these sites 
are comprehensively decontaminated, and the coal ash waste utilised in environmentally safe road 
and construction products.

While we recognise the limitations of the study, we believe our findings warrant a comprehensive 
investigation by the NSW EPA into the heavy metal pollution impacts facing NSW waterbirds, and the 
contribution of coal-fired power stations.

 Vales Point power station. HCEC.
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Appendix 1: Laboratory Reports
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Lake Wallace and Lake Macquarie
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Appendix 2: Photos of collected 
feathers

Myall Lakes National Park
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Lake Macquarie
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Lake Liddell
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Appendix 3: Photos of Lake 
Macquarie crab
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Appendix 4: Australia Museum 
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