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Selenium and mercury concentrations in the sediments and pilchards
(Sardinops sagax) of King George Sound and the broader Albany waters
Abstract
The study aims to investigate and assess any risks to the environment and health values
posed by selenium in the broader Albany waters, with specific reference to the approved
dredging activities of the Albany Port Authority and the south coast purse-seine pilchard
fisheries. The study has been undertaken in direct response to claims made by the
Conservation Council of Western Australia about potentially elevated concentrations of
selenium in fish, and penguin molt feathers. A secondary objective was to undertake a
validation of previous work done in relation to the presence and risk of potential mercury
concerns in sediments of the shipping channel from the approved Albany Port Expansion.
A comprehensive study of selenium concentrations in the sediments and pilchards in
Albany waters revealed that there is no apparent risk to the environment or to human
health from elevated selenium concentrations that warrants further, substantive
investigation at this time. Further, the results from the various investigation streams
compare well with other estuary and catchment areas elsewhere in the south west of
Western Australia. Selenium concentrations were determined in both the sediment of
King George Sound, the sediment of catchment inflow areas and also from the muscle
tissue of the pilchard (Sardinops sagax).
Sediment in King George Sound was sampled throughout the proposed dredge path and
around the former Point King sewage outfall. Selenium was not detected in any of these
localities, with all concentrations below the laboratory Limit of Reporting (LOR =
0.5mg/kg). Pilchard analyses reinforced the results acquired from the selenium
investigations in sediment. The pilchards originated from catches at three locations,
Albany, Esperance and Bremer Bay and selenium concentrations were determined based
on mg/kg dry weight. The highest mean selenium concentration was found in the
pilchards of the Esperance region, indicating that Albany pilchards are not significantly
different in selenium concentrations than those from comparable reference sites. The
results suggest that pilchards are likely to be a beneficial source of selenium due to their
natural physiology, rather than exposure to elevated selenium levels in sediment. As a
secondary study, mercury concentrations were determined in all sediment samples as well
as randomly selected pilchard samples. Like selenium, results from the dredge path
sediments and pilchard analysis revealed mercury also poses no risk to the Albany waters
and therefore both aspects warrant no further investigation.
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Background
During April and May, 2011, the Albany Port Authority in conjunction with Geoff
Bastyan and Associates, the Department of Water and the Department of Fisheries
conducted an extensive study of the selenium concentrations in both sediments and
pilchards in various south coast locations with particular focus on the Albany waters.
Other contributors included the Department of Agriculture and Food, the Department of
Environment and Conservation and the University of Western Australia, Centre for
Excellence in Natural Resource Management. The study was implemented in response to
initial concerns raised by the Conservation Council WA that fish and penguins from
Albany had been exposed to excessive levels of selenium from the Albany waters. The
Conservation Council concluded that dredging activities proposed by the Albany Port
Authority would disturb significant selenium stores within the sediment of the dredge
path, resulting in selenium contamination of the area and a risk to the broader
environment and health.
Initial findings by the Conservation Council were based on results from selenium analysis
in the molted feathers of Little Penguins (Eudptula minor) as well as from selenium
analysis in four planktivorous fish species. Little Penguins were sampled from three
localities, including Mistaken Island (Albany), Penguin Island (Perth) and Woody Island
(Esperance) while fish were sampled from Princess Royal Harbour, Oyster Harbour and
King George Sound. Results from the study suggested that both Little Penguins and fish
from King George Sound had higher concentrations of selenium than those from other
comparative regions.
In acknowledging the Conservation Council’s results, the Albany Port Authority
proceeded to evaluate the risk of elevated selenium concentrations in King George Sound
in relation to the approved port expansion project. The results from a number of
comprehensive investigation streams undertaken by the Albany Port Authority with
support of the collaborative organisations previously mentioned, would inform the
recommendations and requirement for any further investigation or management.
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Introduction
Selenium (Se) is a naturally occurring trace element essential for the functioning of
biological systems (Jolly et al. 2004). Selenium can have both, beneficial and harmful
effects with moderate levels required to maintain good health while exposure to extreme
levels may cause adverse health affects (ATSDR, 2003). Selenium is the 68th most
abundant element of the Earth’s crust and as a result, is widely dispersed throughout the
environment (Nagpal and Howell, 2001). Selenium is also found within a range of foods,
particularly seafood, poultry and eggs (NHMRC, 2006) Selenium toxicity is rare,
resulting in limited data about the potential effects of toxicity in humans (Yang et al.
1983). The few reported cases of selenium toxicity have been associated with industrial
accidents and the most common outcomes include loss of hair and nails, skin rash,
fatigue, irritability and nervous system abnormalities (Goldhaber, 2003; Raisbeck et al.
1993; Yang et al. 1983). According to Combs and Combs (1986) humans can safely
consume 550-775µg of selenium per day and it has been suggested by the US National
Research Council that toxicity will only occur after prolonged ingestion of more than
3000 µg per day (Food and Nutrition Board, 1976; FSANZ, 2001). The United States
Environmental Protection Authority has also determined that 5µg of selenium per
kilogram of body weight per day is unlikely to cause any adverse health effects (ATSDR,
2003). In Australia the upper level of intake for both men and women is 400µg per day
and the tolerable limit is proposed at 750 µg per day (NHMRC, 2006, FSANZ, 2001).
In the physical environment selenium is distributed between the terrestrial, aquatic and
atmospheric compartments by processes including volcanic activity, weathering, leaching
of soils, chemical reactions, mineral formation and biotic activities (Carroll, 1999). The
majority of total sedimentary selenium concentrations are between 1.6-4.0 mg/kg while
marine sediment selenium concentrations range between 0.1-2.0 mg/kg (Cutter, 1989).
Australian marine organisms are generally not exposed to high levels of selenium and
this is typically reflected in low selenium concentrations within the organisms themselves
(Baldwin & Maher, 1997). However, anthropogenic sources of selenium through oil
combustion, coal-fired power stations, sewage effluent, agricultural inputs and acid
sulfate soil generation often flow into estuarine environments (Kirby et al. 2001; Maher
& Batley, 1990; Alexander et al. 1988). In such circumstances, marine organisms can be
exposed to concentrations of selenium not normally found in their environment (O’Brien
et al. 2003). Selenium in fish is highly bioavailable when consumed by humans,
suggesting that fish is a superior source of dietary selenium relative to other sources
including yeast (Fox et al. 2004).
In Australia, there is limited information on selenium concentrations and factors
influencing selenium concentrations in marine organisms (O’Brien et al. 2003). As
selenium has not been comprehensively characterised in Australian marine ecosystems it
is difficult to determine the levels at which it poses a significant environmental hazard
(Carroll, 1999).
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This study entails four primary objectives in relation to selenium and the broader Albany
waters and these are as follows:
1) Investigate if there are any risks to the environment or human health from the
presence of potentially elevated selenium in the proposed dredging area.
2) Provide insight into selenium concentrations within the broader Albany waters
and determine whether the outcomes warrant further substantive investigation by
the appropriate resource managers/stakeholders.
3) Investigate if there are any risks to the environment or human health from
potentially elevated selenium levels in the pilchards caught and marketed by the
various south coast purse seine fisheries.
4) Rigorously address the concerns raised by the Conservation Council of Western
Australia in relation to the potential for high levels of selenium inferred and
suggest recommendations based on these comprehensive investigations.
As a secondary aim, this study will also double check that there are no significant risks
from mercury concentrations in the Albany waters with particular reference to the
approved Albany Port Expansion.
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Methodology
Selenium concentrations have been determined through both, sediment and pilchard flesh
analysis. Sediment analysis was conducted in both, King George Sound and from major
catchment inputs areas in Albany and at other comparison locations (at the Wellstead
Estuary in Bremer Bay and from the Shannon River in the Broke Inlet), whilst pilchard
analysis was conducted on samples obtained by the various purse seine fisheries from
Albany, Bremer Bay and Esperance. Mercury concentrations were also measured in the
sediment and pilchards as a secondary study to ensure levels were acceptable. There are
several types of mercury which exist in the marine environment including inorganic
mercury such as Hg (0) and Hg (II) and organic mercury such as methylmercury and
dimethylmercury (Selin, 2009). Concentrations were measured as both, total (inorganic)
and bioavailable fractions, which can be used to indicate the degree to which the analyte
of interest is bound to the sediment. As it is only the bioavailable fraction that will have
effects on organisms this is the best measure of potential contaminant levels and risk to
biota and human health. The nominated laboratory limit of reporting (LOR) for selenium
is 0.5 mg/kg and 0.2 mg/kg for mercury (FSANZ, 2001).
Sediment analysis in King George Sound
Geoff Bastyan and Associates conducted selenium analysis in sediment located
throughout the proposed dredge path on behalf of the Albany Port Authority in King
George Sound during May, 2011. The dredge path consists of three areas; Dredge Area 1
(berth pocket) which comprises the first 1 km of the channel including the entrance to
Princess Royal Harbour, Dredge Area 2 (departure channel), which comprises the next
3.5 km of the channel and Dredge Area 3 (main channel) which makes up the final 5 km
(SKM, 2007). Samples were taken within each dredge area as well as around the former
Point King Sewerage Outfall (Figure 1). Samples were taken using a 20 x 20cm Ekman
Bottom Grab sampler which is designed to sample in soft sediment environments. Each
of the four sampling locations was split in to two areas providing for a total of 8
composite samples. Each of the composite samples comprised of 5 individual grab
samples that were bulked and mixed in-situ using acid washed equipment (See: Appendix
1 for specific locations). All sediment samples were kept cool at <4ºC and sent to the
National Measurement Institute (NMI) laboratory for analysis. The NMI used a dilute
acid extraction method (1M HCl) to determine the bioavailable concentration and the
NT2-49 (ICP-MS/AES) method to analyse total metals. All measurements were
expressed in mg/kg and on a dry weight basis (mg/kg DW).
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Figure 1: The location of sediment sampling sites within King George Sound.
Catchment Sediment Analysis
The Department of Water conducted the selenium and mercury analysis for the sediments
of the major catchment input areas during April 2011. Sediment samples were taken at
the mouth of the King and Kalgan Rivers (Figure 2), the eastern end of Princess Royal
Harbour (Figure 2), the upper region of Wellstead Estuary (Figure 3) and from the
Shannon River (Figure 4). Shannon River was chosen as the best reference site in the
south west of Western Australia as it lies in a relatively pristine, intact catchment with
very limited human influence. Sediment samples were taken within a 1m² area using a
50mm diameter polycarbonate corer. The corer was pressed gently into the sediment to
avoid disturbance and the top 2cm of sediment was collected from five replicate cores
and combined as one composite sample per location. All sediment samples were kept
cool at <4ºC and sent to the National Measurement Institute (NMI) laboratory for
analysis using the same methods outlined above as per the King George Sound
sediments.
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Figure 2: The location of the Kalgan River, King River and Princess Royal Harbour
sediment sampling sites.

Figure 3: The location of the Wellstead Estuary sediment sampling site.
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Figure 4: The location of the Shannon River sediment sampling site.
Pilchard Analysis
Samples of pilchard (Sardinops sagax) were obtained from the purse-seine fishing
industry at 3 separate locations along the south coast of Western Australia by the
Department of Fisheries for selenium and mercury analysis. A total of 50 pilchards were
collected, including 25 from King George Sound, 15 from Bremer Bay and 10 from
Esperance. Each sample was measured (fork length), weighed, minced, dried and reweighed at the Department of Agriculture and Food Animal Health Laboratories before
being submitted to the ChemCentre for analysis. Selenium concentration was determined
in the muscle tissue of all samples while mercury concentration was determined from 4
random samples from both Bremer Bay and Esperance and 13 from Albany (Appendix
2). Selenium and mercury concentrations were measured in mg/kg and expressed on a dry
weight basis (mg/kg DW). Results of the pilchard analysis were then graphed using
Microsoft Office Excel 2003 and the mean selenium concentration from each region was
calculated.
Note: The National Measurement Institute, The Department of Agriculture and Food
Animal Health Laboratories and the ChemCentre are NATA accredited laboratories and
all reports were issued in accordance with NATA’s requirements.
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Results
Sediment analysis in King George Sound
All the sediments analysed in King George Sound were below the Limit of Reporting
(LOR) for both selenium and mercury (Table 1). The total and bioavailable selenium and
mercury concentrations were less than 0.5 mg/kg and 0.2 mg/kg respectively, for all sites
within the dredge path as well as the two Point King Outfall sites.
Table 1: Total and bioavailable mercury and selenium concentrations in sediment from
King George Sound.
SITE
N0.

SITE DESCRIPTION

MERCURY
TOTAL
(mg/kg)

MERCURY
BIOAVAILABLE
(mg/kg)

SELENIUM
TOTAL
(mg/kg)

SELENIUM
BIOAVAILABLE
(mg/kg)

1

Dredge Area 1 - West

<0.2

<0.2

<0.5

<0.5

2

Dredge Area 1 - East

<0.2

<0.2

<0.5

<0.5

3

Dredge Area 2 - West

<0.2

Dredge Area 2 - East

<0.2

<0.5
<0.5

<0.5

4

<0.2
<0.2

5

Dredge Area 3 - North

<0.2

<0.2

<0.5

<0.5

6

Dredge Area 3 - South

<0.2

<0.2

<0.5

<0.5

7

Point King Outfall - East

<0.2

<0.2

<0.5

<0.5

8

Point King Outfall - South West

<0.2

<0.2

<0.5

<0.5

<0.5

Note: Limit of Reporting (LOR): Mercury=0.2 mg/kg and Selenium=0.5 mg/kg

Catchment Sediment Analysis
Selenium and mercury concentration in sediments varied between catchment locations
(Table 2). Wellstead Estuary had the highest concentration of total mercury (3.6 mg/kg)
while the Shannon River had the lowest (<0.2 mg/kg), below the Limit of Reporting for
mercury. In relation to bioavailable mercury, all sites had concentrations less than the
LOR (0.2 mg/kg). Total selenium concentration was highest in the Wellstead Estuary (3.7
mg/kg) and lowest in both the Shannon River and Princess Royal Harbour which were
below the LOR (<0.5 mg/kg). Bioavailable selenium concentration was also highest in
the Wellstead Estuary (1.7 mg/kg) and lowest in the Shannon River, Princess Royal
Harbour and King River Mouth (<0.5 mg/kg). The Wellstead Estuary and the Kalgan
River Mouth were the only sites that displayed any detectable concentration of
bioavailable selenium.
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Table 2: Total and bioavailable mercury and selenium concentrations in sediment from
various catchment locations.
Site
No.

SITE DESCRIPTION

MERCURY
TOTAL (mg/kg)

MERCURY
BIOAVAILABLE
(mg/kg)

SELENIUM
TOTAL (mg/kg)

SELENIUM
BIOAVAILABLE
(mg/kg)

1

Wellstead Estuary

3.6

<0.2

3.7

1.7

2

King River Mouth

0.7

<0.2

0.7

<0.5

3

Kalgan River Mouth

0.58

<0.2

1.1

0.61

4

Princess Royal Harbour

0.23

<0.2

<0.5

<0.5

5

Shannon River

<0.2

<0.2

<0.5

<0.5

Note: Limit of Reporting (LOR): Mercury=0.2 mg/kg and Selenium=0.5 mg/kg

Mean Bioavailable Selenium (mg/kg)

Bioavailable Selenium Comparisons with Results from Kilminster (2010)
The mean bioavailable selenium concentration of the Albany Harbours was low in
comparison to both, the Swan-Canning Estuary and the Leschenault Inlet measured by
Kilminster (2010) (Figure 5). The Shannon River had the lowest mean bioavailable
selenium concentration below the laboratory Limits of Reporting (<0.5 mg/kg) followed
by the Albany Harbours region (0.61 mg/kg) while Leschenault Inlet (0.88 mg/kg) and
the Swan Canning Estuary (1.03 mg/kg) had the highest concentrations.

1.4
1.2
1
0.8
0.6
0.4
0.2
0
Shannon River

Albany Harbours

Swan-Canning Estuary

Leschenault Inlet

Location

Figure 5: Comparisons of mean bioavailable selenium (mg/kg DW) from these
investigations relative to Kilminster (2010) from two other south west Western Australia
locations (Swan-Canning Estuary and Leschenault Inlet).
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Pilchard analysis
Selenium concentration in pilchards appeared to be relatively uniform across all pilchard
sampling locations (Figure 6). The highest selenium concentration recorded was 4.7
mg/kg from an Albany pilchard while the lowest was 2.1 mg/kg in a Bremer Bay
pilchard. Mean selenium concentration was highest in Esperance (3.76 mg/kg) followed
by Albany (3.56 mg/kg) and Bremer Bay (3.17 mg/kg) (Figure 7). Mercury
concentrations also appeared to be relatively uniform regardless of pilchard location
(Figure 8). The highest mercury concentration recorded was 0.07 mg/kg in a Bremer Bay
pilchard while the lowest was 0.03 in both a Bremer Bay and Albany pilchard. Mean
mercury concentration was the highest in Esperance (0.058 mg/kg) followed by Bremer
Bay (0.052 mg/kg) and Albany (0.042 mg/kg) (Figure 9).
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Selenium Concentration (mg/kg)

9
8
7
6

Bremer Bay
Esperance
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Albany

4
3
2
1
0
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Figure 6: Comparison of Selenium concentrations of individual pilchards sampled from
Bremer Bay (n=15), Esperance (n=10) and Albany (n=25).
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Mean Selenium Concentration (mg/kg)

10
9
8
7
6
5
4
3
2
1
0
Bremer Bay

Esperance

Albany

Location of Pilchard

Figure 7: Comparison of Mean selenium concentrations (mg/kg DW) in pilchards from
Bremer Bay, Esperance and Albany.

Mercury Concentration (mg/kg)
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Figure 8: Comparison of Mercury concentrations of individual pilchards sampled from
Bremer Bay (n=4), Esperance (n=4) and Albany (n=13).
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Mean Mercury Concentration (mg/kg)
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Figure 9: Comparison of mean mercury concentrations (mg/kg DW) in pilchards from
Bremer Bay, Esperance and Albany.
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Discussion
Selenium
The selenium concentrations in King George Sound sediments were extremely low
(below the NATA approved laboratory Limits of Reporting), a result which is reflective
of the known, typical Australian marine environments that naturally have low selenium
concentrations (Baldwin and Maher, 1997). Although sediments serve as both a source
and a sink for dissolved selenium, it is generally accepted that selenium bound to
sedimentary components will remain relatively stable (Martin et al. 2011). The sedimentselenium bonding findings from elsewhere also hold with the current investigations in
King George Sound where no detectable sedimentary selenium was recorded for both,
total and bioavailable fractions using the methodology described previously.
Due largely to a paucity of both, national and international data, there is not currently a
well defined standard or criteria for selenium concentrations in marine sediments (Chen
et al. 2006). The current Australian Water Quality Guidelines for Fresh and Marine
Waters offer no values for selenium, with no determined Interim Sediment Quality
Guidelines (trigger values) for selenium concentrations in aquatic environments (Baldwin
& Howitt, 2007). Conclusions can however be drawn through comparisons of sediment
selenium concentrations in King George Sound with those of other Australian locations.
A recent study of Port Kembla Harbour in Wollongong, New South Wales determined
selenium in marine sediment to be of no risk at levels less than 1 mg/kg (Tarin, 2006).
The study also suggested that levels of selenium between 1-2 mg/kg posed a low hazard,
levels between 2-3 mg/kg a moderate hazard and levels exceeding 4 mg/kg a high hazard
(Tarin, 2006). In King George Sound, all of the recorded marine sediment selenium
levels were below 0.5 mg/kg (Limit of Reporting), indicating that the selenium currently
found in the Sound are well below all of the hazard ratings applied by Tarin (2006).
Selenium concentrations in harbours and marine environments depend largely on
geological conditions flowing into those environments (Nagpal & Howell, 2001), and it
appears that the selenium concentrations in King George Sound reflects the broader
geology of the Albany region, which is known to be low in selenium concentrations
(Higgs, 2007).
The selenium concentrations of the major catchment sediments flowing into King George
Sound were also extremely low (generally below the LOR). A comparison location
located in the Wellstead Estuary (Bremer Bay) and the King River Mouth were the only
sites to detect levels of selenium above the LOR with 1.7 mg/kg and 0.61 mg/kg of
bioavailable selenium recorded, respectively. These levels are typical of estuarine
systems exposed to anthropogenic selenium sources, including burning of fossil fuels,
sewage effluent and consumer products such as shampoo and selenium-based fertilizers
used in agricultural practices (Maher & Batley, 1990, Gardiner et al. 1962). These
sources feed into estuarine environments through catchment flows, wastewater, soil flow
and atmospheric deposition and can increase the natural levels of available selenium
(Alexander et al. 1988). However, the selenium concentrations measured in the major
catchment sediments that could flow into King George Sound are comparatively lower to
other south west Western Australian estuaries. Kilminster (2010), recorded bioavailable
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selenium levels as high as 2.5 mg/kg in the Swan-Canning Estuary, that is at least an
order of magnitude greater than those recorded for Princess Royal Harbour and the King
River Mouth and at least, a two-fold increase in the highest selenium levels found during
this investigation for these locations. The levels reported in the Swan-Canning Estuary
were not viewed as a risk to the environment and health and as the concentrations of
selenium in the major catchment input areas to King George Sound are considerably
lower, they too, are of no apparent risk to the environment and health. The selenium
concentrations recorded (i.e. all below LoR) in Princess Royal Harbour, the King River
Mouth and the Kalgan River Mouth were also equivalent to the levels recorded at
Shannon River – a relatively pristine waterway with minimal catchment disturbance.
This provides a regional comparative context for these sediments and reinforces the
assertion that these sediments pose no apparent risk to environment or human health.
The pilchard flesh analysis revealed that the selenium concentrations in pilchards from
King George Sound were no different to pilchards sourced from other south coast
locations (Jones, 2011) (See: Appendix 3). Selenium concentrations in organisms can
vary between sites, species and types of tissues and depend largely on factors such as age,
size and feeding behaviour (Tarin, 2006). The qualitative age determination for the
pilchard analysis in this study were inferred from the total length to weight relationship
and is a valid proxy for age determination of varying cohorts in the context of this study
(Fletcher, 1992). Further, the results from the pilchard analysis suggest that there is no
apparent bioaccumulation signature in older (i.e. longer, heavier) fish. This is an
important point and strong indicator that further confirms the fact that there does not
appear to be a substantive issue of selenium contamination in the Albany area and
specifically, a very low risk of selenium issues arising from the proposed Albany Port
dredging. To reinforce these statements, the level of selenium in the Albany pilchards
were also lower than recordings for canned pilchard of the same species from South
Africa produced for human consumption. Oceana Group advertise their canned pilchards
(Lucky Star Pilchards) to contain an average selenium level equivalent to 4.79 mg/kg
(dry weight), 1.23 mg/kg higher than the mean selenium level for the Albany pilchards
(Oceana Group Limited, 2006; Jones, 2011). Pilchards are known to be generally high in
selenium - a factor that is characteristic for most pilchard species studied, regardless of
the sea they live in or the plankton they feed on (Hayase et al. 2009, Satovic et al. 2003).
In order to pose a risk of selenium toxicity in humans, the FSANZ (2001) suggest that
people would have to consume more than 3000 µg or 3 mg DW per day for an extended
period of time based on the recommendations of the US National Research Council
(Food and Nutrition Board, 1986). To put the dose rates from this study in perspective,
would equate to a situation where people would have to consume greater than 1 kilogram
of Albany pilchards (mean = 3.56 mg/kg DW) per day over a prolonged period of time
for selenium toxicity symptoms to develop. The value quoted by FSANZ, (2001) &
USNRC, (1986) is conservative and the likelihood of selenium toxicity as a result of
Albany pilchard consumption at these rates would be highly unlikely.
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Fish derived nutritional selenium is an important food source for humans as it provides
for a protective mechanism against the effects of mercury toxicity (Kaneko & Ralston,
2007). Other evidence suggests that as long as a fish is higher in selenium than it is in
mercury, then it is safe for human consumption (Western Pacific Regional Fishery
Management Council, 2008). All pilchards sampled in this investigation were at least an
order of magnitude greater in selenium concentrations than they were in mercury
concentrations, with some samples having selenium concentrations greater than two
orders of magnitude. Therefore, it is determined that the pilchards from King George
Sound and elsewhere in the studied south coast locations, pose no risk in relation to
human consumption with the benefits far outweighing the potential risks. It must also be
noted that pilchard contains less selenium than other pelagic fish such as yellowfin tuna
and skipjack which contain 5.0 mg/kg and 6.28 mg/kg DW, respectively (Kaneko &
Ralston, 2007; Jones, 2011). Accordingly, the results from these investigations along
with comparative analysis against data from the literature, it can be concluded that the
measured selenium concentrations in both the sediments and the pilchards in King
George Sound pose no environmental risk.
Mercury
The mercury concentrations in sediment from King George Sound were below the
laboratory Limit of Reporting (LOR) suggesting that mercury poses no significant risk to
the environment or to human health. ANZECC provide sediment low trigger value
guidelines for mercury as 0.15 mg/kg (dw) and 1.0 mg/kg (dw) for a high trigger value
(ANZECC/ARMCANZ, 2000). All of the bioavailable mercury concentrations in King
George Sound and the majority of the catchment inputs were at least an order of
magnitude lower than the high trigger value. Wellstead Estuary was the only site to
exceed the high trigger value, with a total mercury concentration of 3.6 mg/kg. However
the amount of bioavailable mercury measured in the Wellstead Estuary was below the
LOR, suggesting that overall the mercury levels pose no significant risk as they are
tightly bound to the sediment.
In relation to mercury in pilchard flesh, Albany had the lowest mean concentrations when
compared against both, Bremer Bay and Esperance. The Australian New Zealand Food
Standards Code (ANZFSC) prescribes maximum levels for mercury in fish as 1.0 mg/kg
for fish that are known to contain high levels of mercury and 0.5 mg/kg for all other
species (eg. pilchard) (FSANZ, 2004). The pilchards sampled in all regions were at least
seven times lower than the maximum level prescribed by the ANZFSC. The most
hazardous form of mercury in fish (in relation to human consumption) is methylmercury
(NRC, 2006). Some fish tend to accumulate more methylmercury than others including
swordfish, southern blue fin tuna, orange roughy, rays and sharks (FSANZ, 2004).
Despite this, the overall levels of methylmercury in fish are not deemed sufficient enough
to lead to an excess intake by majority of the population or pose any significant health
risk (FSANZ, 2004). According to FSANZ (2004) the amount of methylmercury that can
safely be consumed from fish sources is 219.96 µg (0.22 mg) per week for the general
Australian population. To put this into context, the total mercury concentration of the
Albany pilchards in order to be extremely conservative were assumed to be all
methylmercury (which is unlikely to be the case), and were then compared with the Food

18

Standard to determine the maximum amount that could be safely consumed. At a mean
mercury concentration of 0.042 mg/kg, the general Australian could safely consume
approximately 5.24 kg of Albany pilchards each week. It is important to note that the
analysis of pilchard for mercury concentrations only entailed small and unequivocal
sample sizes. They were however deemed appropriate in the context of this investigation
that mercury concentrations were measured as a secondary study and provide a further
check on the substantive approved investigations already undertaken through the formal
Environmental Impact Assessment process for the Albany Port Expansion project.
Findings and Recommendations
By the weight of evidence provided through the various investigations streams, the
results demonstrate that the selenium concerns (and mercury as included by the Albany
Port Authority as a voluntary validation action) expressed by the Conservation Council of
Western Australia are not supported. Moreover, further investigations are not warranted
in relation to the very low levels of risk posed to environment and health arising from the
implementation of the Albany Port Expansion Project. Further, nor does there appear a
case for any environmental or health concern relating to the Albany catchments or, any of
the south coast purse seine fisheries.
There was no conclusive evidence from either the sediment or the pilchard analysis to
suggest that selenium contamination is likely to occur following the disturbance of King
George Sound during dredging and other related activities. Selenium was only detected in
a small number of broader localities and the concentrations measured in King George
Sound (in the Albany Port Expansion area) were all below the laboratory Limit of
Reporting (LOR). In addition, those broader localities that did determine some
bioavailable selenium, detected them at concentrations that are deemed to pose no
significant environmental or health risk. The majority of levels recorded were also lower
than those reported in other regions from previous studies in the south west of Western
Australia.
Based on these findings the following recommendations have been made:
1. That no further environment or health investigations are required by the
Albany Port Expansion project in relation to selenium or mercury in
sediments or biota arising from the project implementation, other than those
lawfully required under the relevant Ministerial Conditions.
2. There appears to be a very limited case for further investigation into the
selenium and mercury concentrations and inputs to the broader Albany
waters from the catchments flowing into them.
3. That no further investigations are required in relation to the environment
and health risks posed by pilchards from any of the 3 south coast purse-seine
fisheries investigated.
4. There is a moderate case for undertaking some further investigation of the
sediments and catchment areas flowing into the Wellstead Estuary as a low
to medium priority by the appropriate resource manager, if and when
budgetary opportunities arise.
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5. Whilst there is no evidenced based case to carry out further investigations
surrounding the Conservation Council of Western Australia’s concerns,
there may be some interest by the appropriate resource manager and /or
researchers relating to the selenium cycle and the environment where the
penguins roost (given that the penguins have roosted in the locality for
generations and that they eat a selenium rich diet (pilchards) and likely roost
in a guano rich sediment). However, these investigations would be deemed as
a very low priority and the risks of substantive environmental, species or
human health concerns posed are extremely low.
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Appendix 1: Sample sites, coordinates and techniques for the King George Sound
selenium sediment analysis.
SITE DESCRIPTION
Dredge Area 1 - West
Dredge Area 1 - East
Dredge Area 2 - West
Dredge Area 2 - East

Dredge Area 3 - North

Dredge Area 3 – South

EASTINGS/NORTHINGS
582875-583325 E
6121991-6122245 N
583385-583680 E
6122251-6122370 N
584155-585600 E
6122444-6123055 N
585680-587075 E
6123065-6123450 N
587468 E 6123431 N
587642 E 6123269 N
587757 E 6123944 N
588368 E 6122651 N
588687 E 6122295 N
588861 E 6122132 N
589005 E 6121920 N
589238 E 6121839 N
589150 E 6121744 N
589587 E 6121514 N

SAMPLE TECHNIQUE
Divided into 5 samples, 120 m
apart
Divided into 5 samples, 120 m
apart
Divided into 5 samples, 350 m
apart
Divided into 5 samples, 350 m
apart
5 individual sample sites taken
within 10-15 m of sites previously
sampled by SKM (2007)

5 individual sample sites taken
within 10-15 m of sites previously
sampled by SKM (2007)

Point king Outfall East

584394 E 6122862 N

Divided into 5 samples, 30-50m
apart

Point King Outfall South West

584093E 6122709N

Divided into 5 samples, 50m apart
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Appendix 2: Selenium concentrations, mercury concentrations and sampling location of
each pilchard used for analysis. NR = Not Recorded. LOR: Selenium=0.01mg/kg
Mercury=0.01 mg/kg
SAMPLE
NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

SAMPLING LOCATION

Selenium (mg/kg)

Mercury (mg/kg)

Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Bremer Bay
Esperance
Esperance
Esperance
Esperance
Esperance
Esperance
Esperance
Esperance
Esperance
Esperance
Bremer Bay
Bremer Bay

4.1
3.2
2.1
3
2.9
2.9
2.4
2.5
2.6
2.6
2.8
4.2
3.4
3.4
3.9
3.5
4.1
3.9
4.3
4.1
4.4
3.5

NR
NR
NR
NR
NR
NR
0.03
NR
0.04
NR
NR
0.07
NR
0.06
NR
NR
0.04
0.06
NR
NR
0.07
NR

Bremer Bay
Bremer Bay
Bremer Bay
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany

4.3
2.9
4.1
2.4
3.7
3.3
3.3
4.5
3.7
3.7
3.8
3.1
2.9
3.2
3.6
4
3.6
3.7
2.7
2.9

0.07
NR
NR
0.03
NR
NR
0.03
0.06
0.03
0.06
0.03
0.03
0.03
0.04
0.04
0.06
0.05
0.06
NR
NR

25

43
44
45
46
47
48
49
50

Albany
Albany
Albany
Albany
Albany
Albany
Albany
Albany

3.6
4.7
3.5
3.6
3.6
4.7
3.1
4
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NR
NR
NR
NR
NR
NR
NR
NR

Appendix 3: Final Report for selenium concentration in pilchard from Albany (Jones,
2011).

FINAL REPORT
Selenium in Pilchards from Albany
Summary
Samples of pilchards from along the south coast of Western Australia obtained by the
Department of Fisheries with the assistance of industry and the Albany Port Authority
have established that pilchards from King George Sound are no higher in Selenium than
pilchards from elsewhere on the south coast of Western Australia, nor are they different
from the selenium levels reported for the same pilchard species caught off South Africa.
Levels of Se in pilchards are naturally high, but are not as high as in other pelagic tunas
caught in the open ocean.
Introduction
In February 2011 the Fish Health Unit, Department of Fisheries received advice from Dr
Nick Dunlop of the Conservation Council, that Selenium (Se) in feathers of Little
Penguins (Eudyptula minor) from the Mistaken Island colony were significantly higher
(almost double) than those from both the Penguin Island and Woody Island colonies.
From this Dr Dunlop concluded that penguins foraging on schooling planktivorous fishes
within King George Sound were being exposed to elevated levels of dietary Se.
The Conservation Council therefore arranged for sampling of schooling planktivorous
species in Princess Royal Harbour and Oyster Harbour in early March 2011. The
samples obtained using a beach-seine net included Hardyheads (Pranesus ogilbyi)
(Princess Royal Harbour n=10, Oyster Harbour n=10). Australian Anchovies (Engraulis
australis, n=3) and Blue Sprats (Spratelloides robustus, n=?). In addition, pilchard
(Sardinops sagax, n=10) samples captured in King George Sound in early March 2011 by
commercial purse-seine were analysed. The draft report concluded that “the Se
concentrations observed in planktivorous fish from all the Albany waterways were
significantly higher than expected from Australian commercial fish from ‘unpolluted’
environments (mean = 1.13mg/ kg dry weight)”.
This finding was of concern to the Department, the Port Authority and to the purse-seine
fishing industry. One of the difficulties with the Conservation Council report was that
fish obtain selenium from their diet, and levels vary by fish species, season and area
(Satovic et al. 2003; Bhattacharya et al. 2003). Pilchards are known to be “high” in this
essential element ( Hayase et al. 2009). An additional difficulty presented by pelagic fish
is that they school by size and condition, thus sampling needs to be stratified to avoid
bias.
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Therefore, a larger sample of pilchards was obtained by the Department with the
assistance of industry and the Albany Port Authority to independently assess the data
provided by the Conservation Council.

Methods
The sampling design was to collect 75 pilchards (25 fish from each of 3 schools) from
each of three areas (King George Sound Albany, Esperance and Bremer Bay. In the
event, only two schools were sampled from Esperance. Fish were measured (fork
length), weighed, minced, dried, and reweighed before submitting to Chemistry Centre
for analysis.
In interpreting the literature, the following formulae were used for estimation of dry
weight (dw) from wet weight and for estimation of whole body Se from Se
concentrations in muscle:
Dry weight = wet weight x 100/(100-percent moisture)
percent moisture was assumed to be 75% based on figures in Table A1 of Tetra Tech
(2008)
Se in fish muscle to whole body (Tetra Tech (2008))
Se wholebody = exp(0.1331+(0.8937 x ln(Se muscle)))
Results
An initial 40 samples were submitted to the Chemistry Centre, and a further 10 (larger
Albany pilchards from King George Sound) were subsequently submitted after analysis
showed that the Albany fish were generally smaller than the pilchards from Bremer Bay.
The 40 samples consist of 15 samples from Seal Island (King George Sound); and 25 fish
from two control areas (Bremer Bay n=15; Esperance n=10). The mean and standard
deviation Se level for KGS was 3.5 ± 0.5 mg/kg dw, n=15 and for the controls 3.4 ± 0.7
mg/kg dw, n=25. A comparison of the length to the weight showed that there was a good
correlation between the two parameters (Figure 1) showing that weight is a good
approximation for length. As expected, there was considerable variation between sample
weights (and thus length) within areas and between areas (Table 1). However, because
the selenium levels (mg/kg dry weight), showed no correlation with wet weight (Figure
2), the variation in sample weights could be ignored. The mean and standard deviation
(SD) for Se from the samples are provided in Table 2.
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Table 1. Wet weight data (g) by sample and area.
Weight summary
Sample
Albany
1
2
3
Bremer Bay
1
2
3
Esperance
1
2
Albany
Bremer Bay
Esperance

total
total
total

mean
28.33
17.61
38.22
33.62
48.54
46.45
19.77
22.47

count

32.12
42.87
21.12

SD
5
5
15
5
5
5
5
5

4.74
3.06
9.06
4.37
8.68
15.46
6.92
2.54

25
15
10

11.12
11.92
5.21

Table 1. Selenium measurements (mg/kg dry weight) in fish samples.
Selenium
Albany

Bremer Bay

Esperance

Albany
Bremer Bay
Esperance

Sample
1
2
3
1
2
3
1
2

mean
3.44
3.44
3.63
2.6
3.84
3.06
3.98
3.54

count
5
5
5
5
5
5
5
5

SD
0.76
0.41
0.56
0.19
0.63
0.72
0.30
0.54

total
total
total

3.56
3.17
3.76

25
15
10

0.57
0.74
0.47

29

length- weight
80
70
Weight (g)

60
50
40
30
20
10
0
100.00

120.00

140.00

160.00

180.00

200.00

Length (mm)

Figure 1. Plot of length against wet weight for all of the pilchards sampled.
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Figure 2. Plot of the selenium values (mg/kg dry weight) against wet weight (g) of pilchards.

30

Discussion
The results show that though there is variation between samples, the KGS samples are
not statistically different from those from Bremer Bay and Esperance. The data also
show that there is no correlation between fish length and Se concentrations. As expected,
there is significant variation between dry weight of samples within areas (data not shown)
Selenium is an essential element in animal nutrition, including fish (Kaneko & Ralston
2007) but is toxic at high concentrations. . Most of the aquatic toxicity literature up until
about 2000 gives data only for freshwater or anadromous fish. For example, Mance
(1987) does not give any Se toxicity data for marine teleosts and this absence of marine
fish data was also commented on by Anon. (2008). However, Kifer & Payne (1968) cite
levels in fish meals as ranging from 1.0-4.0 mg/kg dw. Brix et al. (2000) in a review of
toxicity data for selenium (again based only on freshwater or estuarine fish) proposed a
whole body dry weight tissue based toxicity threshold of 6-9 mg/kg for selenium.
Kaneko & Ralston (2007) measured selenium in 15 species of pelagic fish from the
central north Pacific near Hawaii, and found that the mcg/g (= mg/kg) wet weight values
for selenium in muscle of yellowfin tuna were 1.25 + 0.27 ; skipjack 1.57 +0.92; and
albacore 0.88+0.19. These are equivalent (assuming a 75% moisture content) to 5.0; 6.28
and 3.52 mg/kg respectively. Šatovic et al. (2003) found that Se levels in muscle of
pilchards (Clupea pilchardus) in the Adriatic sea vary by location and season of catch,
with an average of 0.580 mcg/g ww (about 2.4 mg/kg dw on whole body basis), but a
spring value of 0.712 ± 0.0237 mcg/g ww (2.9 mg/kg dw on a whole body basis). Closer
to home, Oceania advertise that their canned pilchards (Sardinops sagax) from South
Africa have an average Se level of 1198mcg/100g serving (equivalent to 4.79 mg/kg dw).
Thus the King George Sound pilchards are no higher in Se than pilchards from elsewhere
on the south coast of Western Australia, nor are they different from the same species
found in South Africa. Levels of Se in pilchards are high, but are not as high as in other
pelagic tunas caught in the open ocean.
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