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Executive Summary 
In August 2011, the Queensland Government received reports of visibly sick barramundi occurring 
in the Boyne River, Gladstone. Subsequently a variety of other aquatic species were allegedly 
affected by red skin and other conditions in the Gladstone region. In January 2012 the Gladstone 
Fish Health Scientific Advisory Panel recommended that the Queensland Government enhance the 
existing investigation in order to understand the causes of fish health issues in Gladstone Harbour. 
Based on this recommendation the Gladstone Integrated Aquatic Investigation Program was 
developed by the Queensland Government and commenced in February 2012. 

This report outlines the results of tissue residue testing undertaken as part of the Gladstone 
Integrated Aquatic Investigation Program (specifically Phase 2 of the Gladstone Fish Health 
Investigation). In order to assess any potential association between contaminants and disease, fish 
and crab samples were collected between late April and early May 2012, and mid-June and early 
July 2012. Analysis for 13 metals and metalloids was undertaken in mud crab (Scylla serrata) 
hepatopancreas, barramundi (Lates calcarifer) gills and liver, and grinner (Saurida sp.) muscle. In 
addition, a suite of 17 polynuclear aromatic hydrocarbons (PAHs), 57 pesticides, 8 miscellaneous 
organic chemicals (including synthetic fragrances) and 32 polychlorinated biphenyls (PCBs) were 
analysed in mud crab hepatopancreas. All results and conclusions in the current study apply only 
to the period when samples were collected.  

Comparison of metal and metalloid concentrations in barramundi with visible signs of disease 
(diseased) with visibly normal barramundi (healthy) showed no significant difference in gill or liver 
tissue. A similar analysis of diseased crab hepatopancreas found significantly higher aluminium 
and selenium levels in crabs with visible lesions. These two metals were not at elevated 
concentrations in mud crabs from Gladstone sites compared to reference sites. All grinner were 
assessed as being healthy.  

Comparisons with historical data revealed that mud crab hepatopancreas concentrations of metals 
and metalloids in the Gladstone area were similar to those found other estuaries and near-coastal 
sites along the east coast of Queensland. No organic contaminants were detected in mud crab 
hepatopancreas in Gladstone Harbour. 

Statistical analysis of metal and metalloid concentrations in barramundi livers from Gladstone sites 
compared to reference sites showed significantly higher arsenic, cadmium, iron and zinc 
concentrations in the Gladstone area from one sampling trip for each metal, indicating possible 
elevated exposure to these metals and metalloids. However, as the vast majority of samples had 
arsenic, cadmium and zinc concentrations that were below the concentrations associated with 
toxicological effects (no data were available for iron) and as there was a lack of statistical 
significance between fish disease and metal concentration, it is unlikely that metals and metalloids 
are associated with fish disease in Gladstone Harbour.  
 
Grinner tissue from Bundaberg (a reference site) had significantly higher aluminium, iron, copper 
and zinc concentrations compared to other sites, but there were no other significant trends. 
 
Based on the samples collected during Phase 2 of the fish health investigation, there was no 
strong evidence of a link between fish health and tissue residue concentrations. There was a 
significant association with crab disease and elevated levels of selenium and aluminium in both the 
reference sites and Gladstone sites.   
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1. Introduction 
In August 2011, the Queensland Government received reports of ill barramundi occurring in the 
Boyne River, Gladstone. Subsequently a variety of other aquatic species were allegedly affected 
by illnesses in the Gladstone region. In response to this, Fisheries Queensland closed Gladstone 
Harbour on 16 September 2011 for a period of 21 days. The Queensland Government set up a 
multi-faceted investigation program into potential causes of the fish illness that included fish health 
sampling and testing (DAFF 2012), water and sediment quality testing (DERM 2011a, b; EHP 
2012a, b, c, d, e, f, g, h, i; DSITIA 2013a, b) and the commissioning of a review on the possible link 
between metals and metalloids and immunosuppression and increased disease susceptibility 
(Poulsen and Escher 2012).  

Initial investigations found that two conditions were apparent in diseased barramundi: red spot 
disease (in one barramundi from Port Alma) and external parasitism by the fluke Neobenedenia 
sp., which was affecting the eye and skin of the barramundi (DAFF 2012). Also noted were a range 
of generally mild skin conditions, although no bacterial, parasitic or fungal pathogens were 
identified which could explain the skin conditions (DAFF 2012). Monthly water quality monitoring of 
dissolved metals and metalloids for a year from September 2011 to September 2012 and early in 
2013 indicated levels of contaminants were generally below the Australian and New Zealand water 
quality guidelines (ANZECC and ARMCANZ (2000), although some areas of the harbour did have 
concentrations of metals and metalloids that exceeded water quality guidelines consistently. These 
were for dissolved copper in the Gladstone Marina and dissolved arsenic, molybdenum and 
aluminium in South Trees Inlet (DERM 2011, DERM 2012a, b, EHP 2012a, b, d, e, f, g, h, i; 
DSITIA 2013a, b). An extensive sediment survey undertaken in the harbour in February and March 
2012 did not find any contaminants at levels of concern (EHP 2012c).  

In October 2011 the Gladstone Fish Health Scientific Advisory Panel was established to provide 
independent scientific advice to the Queensland Government on the fish health investigation in 
Gladstone Harbour. In response to the recommendations of the Scientific Advisory Panel 
(Gladstone Fish Health Scientific Advisory Panel 2012), the Queensland Government commenced 
the Gladstone Integrated Aquatic Investigation Program in order to understand the causes of fish 
health issues in Gladstone Harbour. This program commenced in late April 2012.  

This report outlines the results of tissue residue testing undertaken as part of the extended 
Gladstone Integrated Aquatic Investigation Program. The focus of the tissue residue work was to 
test the validity of the public perception of a link between dredging activities in Gladstone Harbour 
and fish and crab health. In particular, concern was raised that dredging caused the re-suspension 
of sediments and the subsequent release of metals contaminants that then affected fish and crab 
health. A review of immunosuppression literature (Poulsen and Escher 2012) indicated that 
exposure to dissolved metals at sufficiently high concentrations in water may increase 
susceptibility to pathogens and diseases. 

An association between metals and crab disease has been raised previously in Gladstone 
Harbour. Crab shell disease has been reported in the harbour as early as 1994. Work by Andersen 
(2003) indicated there may be some association between metal contamination and crab shell 
disease in mud crabs in Gladstone Harbour. Although this disease is found in other areas of the 
state, Andersen (2003) reported higher prevalence rates of the disease in Gladstone Harbour 
compared to reference sites. 

In order to assess any potential association between contaminants and disease, analysis for 13 
metals and metalloids was undertaken in mud crab (Scylla serrata) hepatopancreas, barramundi 
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(Lates calcarifer) gills and liver, and grinner (Saurida sp.) muscle. In addition, a suite of 17 
polynuclear aromatic hydrocarbons (PAHs), 57 pesticides, 8 miscellaneous organic chemicals 
(including synthetic fragrances) and 32 polychlorinated biphenyls (PCBs) were analysed in mud 
crab hepatopancreas. Historically, mud crabs have been used as biomonitors of long term water 
quality trends for metals and metalloids and organics along the Queensland Coast (Mortimer 2000; 
Negri et al 2009) as they bioaccumulate these contaminants from the surrounding environment. 
These past studies provide data for comparison with results of the current study. 

In order to assess potential links between exposure to contaminants and disease in fish and crabs 
from the Gladstone region, three research questions were investigated using analysis of tissue 
residues: 

1. Is there a link between the concentrations of contaminants in fish and crab tissue and 
visible signs of animal health (diseased versus healthy)? 

2. Are the concentrations of contaminants in crab and fish tissue from Gladstone similar to 
those from other Queensland estuarine and near-coastal locations?  

3. Are the levels of residues measured in fish and crab tissue known to be associated with 
ecotoxicological effects reported in other studies? 

 



Contaminants in Tissue of Fish and Crabs Collected in the Gladstone Area 

Page 3  

2. Sampling Sites 
Sampling was undertaken at eight sites during two sampling trips. The first sampling trip occurred 
between late April and early May 2012 and the second occurred between mid-June and early July 
2012. Three species were collected for tissue residue analysis and the sites they were collected at 
are summarised in Table 1 and the sites are illustrated in Figure 1. Sites that are considered to be 
reference sites in terms of dredging were Fitzroy River and Bundaberg. Awoonga Dam was 
included for comparison. 

 

Table 1 – Sites where species used for tissue residue analysis were collected 

Site Species collected 

 Mud crabs 
(Scylla serrata) 

Barramundi 
(Lates 
calcarifer) 

Grinner 
(Saurida sp.) 

Awoonga Dam   
Upper Boyne River1   
Port Development Area1   
Hamilton Point1   
The Narrows1   
Gladstone Trawl1, 3    

Fitzroy River2  
Bundaberg2  

Note: Black circles indicate the species collected at each site. 1 Denotes Gladstone sites, 2 denotes reference 
sites. Awoonga Dam was excluded from of the comparison of reference vs. Gladstone sites as it is considered a 
separate reference site (i.e. is a freshwater system and it will not be impacted by water quality from Gladstone 
Harbour),3. This denotes samples collected by trawling within Gladstone Harbour. 
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Table 4 – Disease status and mean concentrations of metals and metalloids (mg/kg) in the mud crab 
hepatopancreas (dry-weight basis). Metals and metalloids that have significantly different 
concentrations (P≤0.05) between healthy and diseased crabs are bolded and shaded in light blue. 
Metal Mean 

concentration 
in healthy crabs 

Mean 
concentration 
in diseased 
crabs 

Average 
Standard 
Error 

Significance 
level (P) 

Ratio of mean 
metal 
concentration 
diseased/healthy 

Aluminium 12.9 21.6 2.5 0.021 1.67 
Arsenic 21.4 26.4 2.2 0.123 1.23 
Barium 1.26 1.47 0.25 0.554 1.17 
Cadmium 2.60 3.51 0.47 0.181 1.35 
Chromium 0.13 0.19 0.02 0.072 1.50 
Copper 630 670 125 0.826 1.06 
Iron 256 323 27 0.097 1.26 
Lead 0.12 0.09 0.02 0.282 0.75 
Nickel 2.57 2.77 0.39 0.727 1.08 
Mercury 0.27 0.29 0.03 0.665 1.06 
Selenium 6.30 7.69 0.38 0.016 1.22 
Silver 4.03 4.71 0.82 0.575 1.17 
Zinc 186 177 20 0.761 0.95 

 

Assessment was undertaken to determine whether there was a link between the significantly 
higher concentrations of aluminium and selenium in diseased crabs and location of the site. The 
diseased crabs collected from the Fitzroy River had significantly (P≤0.05) higher aluminium 
concentrations in their hepatopancreas compared to diseased crabs at other sites (Table 5). 
However, this result should be interpreted with caution due to the low replication of diseased crabs 
per site (n=5). No significant relationship (P>0.05) was found between site and selenium 
concentrations in diseased crabs (Table 6). 

 
Table 5 – Aluminium concentrations (mg/kg) in the hepatopancreas of diseased and healthy crabs by 
site (dry-weight basis, n=5). Sites that have a significant difference (P≤0.05) between healthy and 
diseased crabs are bolded and shaded in light blue. 
Metal Mean 

concentration in 
diseased crabs 

Standard 
Error 

Mean 
concentration in 
healthy crabs 

Standard 
Error 

Bundaberg 14.61 4.49 13.70 4.49 
Fitzroy River 40.52 4.49 13.85 4.49 
The Narrows 14.60 4.49 10.24 4.49 
Port Development Area 16.55 6.06 12.96 3.76 
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comparisons are not possible. However, comparison between the reference and Gladstone sites 
found no significant difference in concentrations in silver (Table 9). 

Overall, these results indicate that the water and sediment quality that mud crabs are exposed to in 
Gladstone is similar to that of other estuarine and near-coastal regions of eastern Queensland.  

 

Table 9 – Regional means for the metal and metalloid concentrations in mud crab hepatopancreas 
(mg/kg dry weight basis).  

Trip 1  Trip 2  

 
Reference Gladstone Significance 

 level 
Reference Gladstone Significance 

 level 
Aluminium 16.7 14.7 0.646 12.2 9.0 0.513
Chromium 0.186 0.098 0.031 0.120 0.166 0.288
Iron 273 188 0.057 187 418 0.000
Nickel 3.22 3.16 0.938 1.48 2.43 0.306
Copper 526 1127 0.004 621 294 0.139
Zinc 103 195 0.002 209 242 0.275
Arsenic 17.3 20.2 0.419 23.2 27.4 0.285
Selenium 5.89 7.46 0.027 5.03 7.36 0.004
Silver 4.80 3.67 0.401 4.91 3.18 0.251
Cadmium 2.47 1.55 0.268 4.45 2.41 0.030
Barium 1.55 0.68 0.021 2.25 0.97 0.003
Mercury 0.283 0.245 0.349 0.416 0.155 0.000
Lead 0.155 0.069 0.046 0.072 0.180 0.024

Note: Blue cells indicate a significant difference between the metal or metalloid concentrations at the reference 
and Gladstone sites, bolded cells indicate measured concentrations at pooled Gladstone sites were significantly 
higher. 
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Figure 2 – Mean measured aluminium concentrations (±SE) in mud crab (Scylla serrata) 
hepatopancreas (mg/kg dry weight) from historical surveys along the east coast of Queensland 
(1996-2006) and data from this study. Note: Gladstone Harbour samples from 1996 included data from the 
Harbour and the Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 
1996 data from Mortimer (2000); 2005-2006 data from Negri et al (2009). 

 
Figure 3 – Mean measured arsenic concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 
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Figure 4  Mean measured barium concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 

 
Figure 5 –  Mean measured cadmium concentrations (±SE) in mud crab (Scylla serrata) 
hepatopancreas (mg/kg dry weight) from historical surveys along the east coast of Queensland 
(1996-2006) and data from this study. Note: Gladstone Harbour samples from 1996 included data from the 
Harbour and the Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 
1996 data from Mortimer (2000); 2005-2006 data from Negri et al (2009). 
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Figure 6 – Mean measured chromium concentrations (±SE) in mud crab (Scylla serrata) 
hepatopancreas (mg/kg dry weight) from historical surveys along the east coast of Queensland 
(1996-2006) and data from this study Note: Gladstone Harbour samples from 1996 included data from the 
Harbour and the Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 
1996 data from Mortimer (2000); 2005-2006 data from Negri et al (2009). 

 
Figure 7 – Mean measured copper concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 
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Figure 8 – Mean measured iron concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 

 
Figure 9 – Mean measured mercury concentrations (±SE) in mud crab (Scylla serrata) 
hepatopancreas (mg/kg dry weight) from historical surveys along the east coast of Queensland 
(1996-2006) and data from this study. Note: Gladstone Harbour samples from 1996 included data from the 
Harbour and the Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 
1996 data from Mortimer (2000); 2005-2006 data from Negri et al (2009). 
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Figure 10 – Mean measured nickel concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 
 

 
Figure 11 – Mean measured selenium concentrations(±SE) in mud crab (Scylla serrata) 
hepatopancreas (mg/kg dry weight) from historical surveys along the east coast of Queensland 
(1996-2006) and data from this study. Note: Gladstone Harbour samples from 1996 included data from the 
Harbour and the Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 
1996 data from Mortimer (2000); 2005-2006 data from Negri et al (2009). 
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Figure 12 – Mean measured zinc concentrations (±SE) in mud crab (Scylla serrata) hepatopancreas 
(mg/kg dry weight) from historical surveys along the east coast of Queensland (1996-2006) and data 
from this study. Note: Gladstone Harbour samples from 1996 included data from the Harbour and the 
Narrows, Gladstone Port 2012 samples were collected from the Port Development Area. 1996 data from 
Mortimer (2000); 2005-2006 data from Negri et al (2009). 

 

A PCA of the same data also indicated that the measured concentrations of metals and metalloids 
in crab hepatopancreas were similar to other catchments and historical data (Figure 13). 

If tissue metal concentrations are linked to organism health, one might expect that the 
concentrations at Gladstone would be higher than those from other areas. The fact that the tissue 
concentrations from Gladstone are fairly typical indicates that metal and metalloids in tissues are 
not responsible for the organism health issues at Gladstone.  
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Figure 13 – A principal component analysis of mean measured concentrations of metals and 
metalloids in mud crab (Scylla serrata) hepatopancreas (mg/kg dry weight) from historical surveys 
along the east coast of Queensland (1996-2006) and data from the 2012 Fish Health Survey. 
Aluminium and barium were not included as they were not measured at all sites in all years. 
‘Gl_Port12’ refers to samples collected in the Port Development Area during the current study and 
‘Gl_Narr12’ refers to samples collected in the Narrows in the current study.   
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Table 11 - Mean measured concentrations of metals and metalloids in barramundi liver (mg/kg dry 
weight) from Reference and Gladstone Harbour sites.   

Metal Trip 1 Trip 2 

 Reference 
Sites 

Gladstone 
Sites 

Significance 
level (P) 

Reference 
sites 

Gladstone 
Sites 

Significance 
level (P) 

Aluminium 2.44 3.30 0.390 2.24 3.97 0.093 
Arsenic 5.37 7.68 0.140 2.52 6.13 0.026 
Iron 1695 2782 0.046 969 1550 0.284 
Cadmium 0.118 0.196 0.035 0.068 0.119 0.165 
Copper 45.7 37.4 0.726 34.8 19.7 0.529 
Mercury 0.748 0.779 0.911 0.396 0.586 0.482 
Selenium 4.69 6.47 0.287 4.41 4.96 0.744 
Silver 0.163 0.141 0.867 0.245 0.151 0.496 
Zinc 67.9 89.8 0.124 42.7 71.5 0.048 

Note: Barium, chromium, lead, nickel and silver had many measurements below the limit of reporting and thus 
were not included in the analysis. Blue bolded cells indicate a significant difference occurred between metal 
concentrations in barramundi livers collected from Gladstone and Reference sites. 

 

 
Figure 14 - Mean measured concentrations of iron in barramundi liver (mg/kg dry weight) by site and 
by trip 
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Figure 15 - Mean measured concentrations of cadmium in barramundi liver (mg/kg dry weight) by site 
and by trip 

 

 
Figure 16 - Mean measured concentrations of arsenic in barramundi liver (mg/kg dry weight) by site 
and by trip 
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Table 12 – Summary of effects concentrations associated with arsenic concentrations in fish liver 
reported in the Environmental Residue and Effects Database (mg/kg wet weight) 

Species 
common 
name 

Species 
scientific 
name 

Concentration 
wet weight 
(mg/kg) 

Effect 
class 

Toxicity 
measure1 

Exposure 
route 

Bluegill Lepomis 
macrochirus 

11.6 Growth NOED Not defined 

Bluegill Lepomis 
macrochirus 

11.6 Mortality NOED Not defined 

Green sunfish Lepomis 
cyanellus 

27.4 Mortality LD50 Water 

Green sunfish Lepomis 
cyanellus 

77.2 Mortality LD50 Water 

Green sunfish Lepomis 
cyanellus 

77.8 Mortality LD50 Water 

Green sunfish Lepomis 
cyanellus 

82 Mortality LD50 Water 

Green sunfish Lepomis 
cyanellus 

122.8 Mortality LD50 Water 

Mozambique 
tilapia 

Oreochromis 
mossambicus 

5.69 Mortality LD50 Water 

Mozambique 
tilapia 

Oreochromis 
mossambicus 

9.55 Mortality LD10 Water 

Killfish Fundulus 
heteroclitus 

17.98 Mortality LD20 Water 

Killfish Fundulus 
heteroclitus 

29.22 Mortality LD70 Water 

1 LD10, LD20 and LD70 are the concentrations of arsenic in liver tissue that correspond to 10, 20 and 70 per cent 
lethality of the test organism, respectively. 

 

6.3.2. Cadmium 

Cadmium was rarely detected by the Gladstone Integrated Aquatic Investigation Program (DERM 
2011a, b; EHP 2012a, b, c, d, e, f, g, h, i; DSITIA 2013a, b). By comparing the concentrations of 
metals in Gladstone Harbour and the effect concentrations reported by Poulsen and Escher 
(2012), DISITIA (in prep) found that it was unlikely cadmium was causing immunosuppression or 
increasing disease susceptibility in fish.  

The measured range of concentrations of cadmium in the liver of the barramundi sampled from the 
Gladstone area was 0.01 to 0.1 mg/kg wet weight, whereas the range from the reference sites was 
<0.01 to 0.09 mg/kg wet weight (Table 13). The lowest concentration of cadmium in liver 
associated with chronic effects (growth or lesions) reported in liver tissue in the ERED database 
(US Army Corp Engineers & USEPA, 2011) was 1.06 mg/kg wet weight, an order of magnitude 
higher than the maximum concentration measured in this study.  



Contaminants in Tissue of Fish and Crabs Collected in the Gladstone Area 

Page 27  

NOED values for growth ranged from 2.5x10-5 to 3.8 mg/kg (US Army Corp Engineers & USEPA, 
2011). The lowest concentrations reported for mortality were 1.37 x10-4 mg/kg in juvenile brook 
trout (Salvelinus fontinalis) a freshwater species (Hamilton, Mehrle and Jones 1987). That study 
reported particularly low concentrations of cadmium in liver associated with mortality, whereas all 
other studies reported concentrations of cadmium in the liver where effects were measured at 
0.175 mg/kg wet weight or higher, higher than that found in the Gladstone Harbour residue study. 

Overall, the concentrations of cadmium measured during the 2012 study indicate that it is possible 
that the cadmium measured in the barramundi tissue could be having an effect. However, the 
majority of effects retrieved from ERED were much higher than the concentrations detected in the 
barramundi collected from the Gladstone area, and therefore it was unlikely that the measured 
concentrations of cadmium in Gladstone Harbour were related to immune-suppression. Analysis of 
the cadmium concentrations in healthy and diseased fish indicated no significant association 
between fish illness and cadmium concentrations in the liver.   

Table 13 – Summary of effects concentrations associated with cadmium concentrations in fish liver 
reported in the Environmental Residue and Effects Database (mg/kg wet weight).  

Effect class Toxicity 
measure 

Range of 
concentrations 
wet weight 
(mg/kg) from 
ERED 

Range of 
concentrations 
wet weight 
(mg/kg) at 
Gladstone sites 

Range of 
concentrations 
wet weight 
(mg/kg) at 
Reference sites 

Growth NOED 2.5x10-5  - 3.8 0.01 - 0.1 <0.01 – 0.09 

Growth LOED, ED4 –
ED89 

1.8 - 63.2 

Lesions LOED 1.06 - 3.9 

Morphology NOED 35.8 

Mortality NOED 2.5x10-5 - 201 

Mortality LOED, LD6-
LD100 

1.37 x10-4 - 343 

6.3.3. Iron 

No data were available for iron in the ERED database (US Army Corp Engineers & USEPA, 2011) 
for fish liver tissue. No data were presented in Poulsen and Escher (2012) relating to measured 
concentrations of iron in water and immunosuppression in fish. 

6.3.4. Zinc 

The zinc concentration in the barramundi liver ranged from 7.7 to 37.1 mg/kg wet weight in the 
samples collected from the Gladstone area and 6.2 to 37.2 mg/kg wet weight in the reference site 
samples. Most of the data for zinc available in available in the ERED database (US Army Corp 
Engineers & USEPA, 2011) in fish liver was associated with NOEDs and no toxic effects had been 
noted at these concentrations (Table 14). The only class of effects that had reported 
concentrations were growth effect dose values (EDs). The lowest was an ED4 associated with a 
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liver concentration of 34.44 mg/kg in yellow perch (Perca flavescens) (i.e. the ED4 is the dose that 
exerts a 4% reduction in growth). Thus it is possible for such a minor effect (4% reduction in 
growth) to occur in both Gladstone and the reference sites. The next lowest was a growth ED26 
(the dose that exerts a 26% reduction in growth) at 34.44 mg/kg in the liver tissue of yellow perch, 
which is the higher end of the concentration of zinc measured in the livers of barramundi. Only 3 
samples of 45 barramundi samples collected had zinc levels higher than 34.44 mg/kg wet weight, 
two of these were from Hamilton Point in the Gladstone Area and one from a reference site.  

Zinc concentrations measured during the Gladstone Integrated Aquatic Investigation Program 
were, on occasion, higher than the concentrations observed to cause chemical induced 
immunosuppression effects in the most sensitive species. However, the low frequency and limited 
spatial distribution of the measured zinc concentrations are not consistent with zinc causing such 
effects (see DSITIA in prep). 

 

Table 14 – Summary of effects concentrations associated with zinc concentrations in fish liver 
reported in the Environmental Residue and Effects Database (mg/kg wet weight).   

Species 
common 
name 

Species scientific 
name 

Concentration 
wet weight 
(mg/kg) 

Effect class  Toxicity 
measure 

Exposure 
route 

Brook Trout  Salvelinus fontinalis 68 Growth NOED Water 

Brook Trout  Salvelinus fontinalis 60 Growth NOED Absorptio
n 

Yellow 
Perch 

Perca flavescens 34.44 Growth ED4 Not 
Stated 

Yellow 
Perch 

Perca flavescens 34.44 Growth ED26 Not 
Stated 

Bluegill Lepomis 
macrochirus 

207 Growth ED89 Not 
defined 

Brook Trout  Salvelinus fontinalis 68 Reproduction NOED Water 

Brook Trout  Salvelinus fontinalis 60 Reproduction NOED Absorptio
n 

Brook Trout  Salvelinus fontinalis 60 Mortality NOED Absorptio
n 

Three-
spined 
Stickleback 

Gasterosteus 
aculeatus 

4.05 Mortality NOED Water 

Goldfish Carassius auratus 3.36 Mortality NOED Water 

Goldfish Carassius auratus 10.51 Mortality NOED Water 
Goldfish Carassius auratus 5.34 Mortality NOED Water 

Goldfish Carassius auratus 15.06 Mortality NOED Water 

Goldfish Carassius auratus 10.69 Mortality NOED Water 

Goldfish Carassius auratus 21.49 Mortality NOED Water 

Trout - 
Brook 

Salvelinus fontinalis 68 Survival NOED Water 
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7. Conclusions 
There was no indication of elevated metals and metalloids in the tissues of diseased barramundi 
compared to healthy barramundi collected in the Gladstone area. Significantly higher arsenic, 
cadmium, iron and zinc concentrations were found in barramundi livers from at least one sampling 
trip in the Gladstone area, indicating possible elevated exposure to these metals and metalloids. 
The measurement of elevated concentrations of these metals and metalloids does not necessarily 
indicate a toxicological problem, but does indicate exposure. Comparison of concentrations of 
these metals and metalloids in barramundi livers with toxicological effects data did not, overall, 
indicate that the concentrations in the barramundi liver were of concern. In addition, as there were 
no significant associations between these metals and metalloids and fish health, it is unlikely that 
they are associated with the fish health in Gladstone Harbour. 

Analysis of crabs from both Gladstone Harbour and reference sites found a significant association 
of aluminium and selenium concentrations and disease. Concentrations of metals and metalloids in 
mud crab hepatopancreas detected in the Gladstone area were similar to sites along the east 
coast of Queensland. The available data also indicated that the suite of organic chemicals tested 
for did not contribute to the crab disease. 

All grinner were assessed as being healthy so the existence relationships between metal 
concentrations and observed fish health could not be assessed for this species.  

Overall, there is no strong evidence of a link between fish health at the time of sampling and tissue 
residue concentrations. 
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Appendix A 
Statistical Report – Metals, Crabs  
 
1.  STATISTICAL METHODS 
 
General linear models (McCullagh and Nelder 1989) were used for the analyses of the metal 
concentrations (on a dry-weight basis), under GenStat (2011). There were 40 crabs in total - 5 
samples (containing both normal and abnormal crabs) from each combination of the four locations 
by two trips. Each crab was taken as an independent experimental unit. For samples reported as 
‘below the detection limit’, the usual convention of substituting half the detection level was used. 
This was done for the wet-weight data (upon which the test had been performed), and then these 
values were corrected for moisture per cent back to a dry-weight basis (which were used for the 
analyses). 
 
Again, the deliberate sampling of both diseased and unaffected crabs introduced further complexity 
into the analyses. To adjust for this stratification, weighting factors were calculated as – 
Proportion (normal or abnormal) in the whole sample /  
Proportion (normal or abnormal) in the laboratory subsample 
 
These weighting factors were determined at the location by trip level, and then used to correctly 
weight each of the respective observations (normal or abnormal) in the analyses for trips by 
locations. 
 
Crab weight was trailed as a covariate, but for the 13 metals analysed was only significant (P = 
0.038) for barium, and this fitted as a negative. There were no other ‘near-significant’ fits; nor were 
the fitted slopes predominantly positive (six out of 13 were negative). Similarly, carapace width had 
no association with increased metal levels over time, with none being significant and seven fitting 
as negative slopes. Hence the expected bio-accumulation effect could not be estimated and adjusted 
for, and so was dropped for all analyses.  
 
In addition to conducting the primary weighted analyses of location by trip (along with the 
interaction), second analyses were conducted for each variable including ‘disease status’ in the 
model. This allowed the direct testing and reporting of the impact of disease status on each 
concentration. 
 
The univariate analyses of each of the metals are followed by a multivariate summarisation. This 
first considers the relationships amongst the metals (via a correlation matrix), and then adopts a 
principal components representation of all the data (taking the first two orthogonal dimensions) to 
obtain an overview as to which locations and times are most similar. 
 
2. RESULTS  
 
Whilst there were a few high values for some of the metals, in general these data were not skewed, 
so no transformations were required. Of the 13 analyses, significant differences were found between 
locations in seven and between trips in five. Importantly, there was a significant (P < 0.05) location 
by trip interaction in four of the 13 analyses, with this effect being near-significant (0.05 < P < 
0.10) in another four. As this is notably higher than the random expectation, it was concluded that 
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the changing patterns of responses over space and time are a real effect, so the data are reported on 
this two-way basis (locations by trips). 
 
Disease status – Two of the 13 metals showed a significant (P < 0.05) difference between normal 
and abnormal crabs, as listed in Table 2.1. It is notable that the abnormal crabs generally had higher 
levels than the normal crabs.  
 
Table 2.1.  Effects of disease status on the metal concentrations (dry-weight basis). Significant (P < 
0.05) differences are bolded. 

 Normal Abnormal 
Average

s.e.
Significance

level (P)
Ratio (Abnormal 

/ Normal) 
Aluminium 12.9 21.6 2.5 0.021 1.67 
Chromium 0.13 0.19 0.02 0.072 1.50 
Iron 256 323 27 0.097 1.26 
Nickel 2.57 2.77 0.39 0.727 1.08 
Copper 630 670 125 0.826 1.06 
Zinc 186 177 20 0.761 0.95 
Arsenic 21.4 26.4 2.2 0.123 1.23 
Selenium 6.30 7.69 0.38 0.016 1.22 
Silver 4.03 4.71 0.82 0.575 1.17 
Cadmium 2.60 3.51 0.47 0.181 1.35 
Barium 1.26 1.47 0.25 0.554 1.17 
Mercury 0.27 0.29 0.03 0.665 1.06 
Lead 0.12 0.09 0.02 0.282 0.75 
 
Location by trip means 
 
These are the results that are of primary interest, and are listed in Tables 2.2a to 2.2m. For each 
metal, significant-difference testing has been conducted amongst these eight means (locations by 
trips).  
 
Table 2.2a.  Aluminium. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 19.3a 14.2ab 9.2ab 20.2a 4.6 
Trip 2 8.3ab 16.1ab 12.1ab 5.9b  

a means with a common superscript are not significantly different (P = 0.05).  
 
b.  Chromium. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 0.136ab 0.235a 0.110b 0.086b 0.041 
Trip 2 0.116ab 0.123ab 0.190ab 0.142ab  

 
c.  Iron. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 369a 176b 163b 214b 45 
Trip 2 219b 155b 388a 448a  
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d.  Nickel. 
 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 

Trip 1 0.83c 5.62a 3.60ab 2.72bc 0.87 
Trip 2 1.04bc 1.92bc 1.63bc 3.23ab  

 
 
e.  Copper. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 241cd 811abc 1016a 1237a 205 
Trip 2 274cd 968a 198d 390bcd  

 
f.  Zinc. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 95d 111cd 207ab 183bc 28 
Trip 2 265ab 153bc 276a 208ab  

 
g.  Arsenic. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 19.1ab 15.5b 25.0ab 15.4b 3.7 
Trip 2 21.1ab 25.3ab 26.0a 28.9a  

 
h.  Selenium. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 5.58bc 6.20ab 7.82a 7.11ab 0.71 
Trip 2 4.81c 5.25bc 7.29ab 7.44ab  

 
i.  Silver. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 3.43ab 6.18a 2.81ab 4.52ab 1.40 
Trip 2 4.52ab 5.29 ab 1.89b 4.48ab  

 
j.  Cadmium. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 1.03c 3.91ab 1.13c 1.96bc 0.86 
Trip 2 5.30a 3.60ab 1.62bc 3.19abc  

 
k.  Barium. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 1.00cd 2.10ab 0.81cd 0.55d 0.38 
Trip 2 2.56a 1.93abc 1.19bcd 0.75cd  

 
l.  Mercury. 

 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 
Trip 1 0.371b 0.195cd 0.147cd 0.343b 0.042 
Trip 2 0.642a 0.191cd 0.078d 0.232c  
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m.  Lead. 
 Bundaberg Fitzroy R. The Narrows Port area Avg. s.e. 

Trip 1 0.166ab 0.143ab 0.073b 0.064b 0.043 
Trip 2 0.068b 0.076b 0.231a 0.129ab  

 
The results for lead need to be taken with some caution, as there were only four values recorded as 
‘> the level of resolution’ (on a wet-weight basis). For the remaining 36 values which were ‘< 0.05’ 
(hence taken as 0.025), conversion from wet to dry-weight basis introduced reasonable variation, as 
the moisture content varied quite widely - between 55% (where 0.025 converts to 0.056) and 82% 
(converts to 0.139). So whilst this data set appears to contain the usual amounts of variability, 
amongst which the analysis found some significant differences, in reality these are based on few 
actual values. The observed distribution of these values also results in significant regional 
differences (see Table 2.4). The lead values measured as ‘> the level of resolution’ were one each 
for Bundaberg and the Fitzroy River (both on trip 1), and one each for the Narrows and Port area 
(both on trip 2). All four of these crabs were rated as ‘normal’. 
 
This was not a problem with any other metal. Chromium was the only other one with any ‘< the 
level of resolution’ values, and had 20 of these along with 20 actual values, so constituted a valid 
analysis. 
 
Overall (multivariate patterns) 
 
Relationships amongst the metals can be measured by the correlation coefficient, r. Table 2.3 lists 
these values, which show the direction and relative strength of these relationships. 
 
Table 2.3.  Correlation matrix for the metals. Significant (P < 0.05) correlations have an absolute 
value > 0.310, and are indicated in bold. 
Aluminium 1.000   
Chromium 0.090 1.000  
Iron 0.022 0.295 1.000  
Nickel -0.057 0.157 -0.032 1.000  
Copper 0.138 -0.011 -0.158 0.319 1.000  
Zinc -0.128 -0.083 0.371 0.144 0.160 1.000  
Arsenic -0.022 0.211 0.436 0.100 0.055 0.443 1.000 
Selenium 0.102 0.303 0.367 0.453 0.425 0.361 0.602 
Silver 0.236 0.182 0.233 0.234 0.683 0.180 0.250 
Cadmium 0.202 0.116 0.320 0.018 0.228 0.266 0.312 
Barium 0.135 0.458 0.260 -0.156 0.111 0.118 0.193 
Mercury -0.044 -0.059 -0.021 -0.262 -0.065 -0.217 0.032 
Lead -0.042 0.402 0.363 -0.062 -0.097 -0.024 0.080 
 Aluminium Chromium Iron Nickel Copper Zinc Arsenic 

    
Selenium 1.000   
Silver 0.391 1.000  
Cadmium 0.071 0.686 1.000  
Barium -0.066 0.381 0.583 1.000  
Mercury -0.038 0.214 0.339 0.176 1.000  
Lead 0.121 0.107 -0.086 0.138 0.000 1.000  
 Selenium Silver Cadmium Barium Mercury Lead  
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The principal components overall spatial representation for the 13 metals (Table 2.2) is shown in 
Figure 2.1.  
 

 
Figure 2.1.  Movements of the overall location and trip principal component means in 
multidimensional space. The Gladstone sites are indicated by the circles with the solid lines, and the 
reference sites by the squares with the dotted lines. 
 
Summarising by regions 
 
The means for the individual locations can be combined into ‘Gladstone’ (Port area and the 
Narrows) vs. ‘Reference’ (Bundaberg and Fitzroy River), as listed in Table 2.4. The pooled 
standard error for each mean was calculated according to the usual sum-of-variances method (Raj 
1968), and these were used to conduct a t-test for the degree of difference between these regional 
means. In each of the trips, three of the six significant differences showed a higher level for the 
reference sites. 
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Table 2.4.  Regional means for the metal concentrations (dry-weight basis). Within trips, significant 
(P < 0.05) differences are bolded. 

 Trip 1 –   Trip 2 –   
 Reference Gladstone Sig. level Reference Gladstone Sig. level 

Aluminium 16.7 14.7 0.646 12.2 9.0 0.513 
Chromium 0.186 0.098 0.031 0.120 0.166 0.288 
Iron 273 188 0.057 187 418 0.000 
Nickel 3.22 3.16 0.938 1.48 2.43 0.306 
Copper 526 1127 0.004 621 294 0.139 
Zinc 103 195 0.002 209 242 0.275 
Arsenic 17.3 20.2 0.419 23.2 27.4 0.285 
Selenium 5.89 7.46 0.027 5.03 7.36 0.004 
Silver 4.80 3.67 0.401 4.91 3.18 0.251 
Cadmium 2.47 1.55 0.268 4.45 2.41 0.030 
Barium 1.55 0.68 0.021 2.25 0.97 0.003 
Mercury 0.283 0.245 0.349 0.416 0.155 0.000 
Lead 0.155 0.069 0.046 0.072 0.180 0.024 
 
 
Again, the means for lead are based on relatively few actual values, so should be considered with 
some caution. 
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Appendix B 
Statistical Report – Metals, Barramundi and Grinner 
 
 
1.  STATISTICAL METHODS 
 
General linear models (McCullagh and Nelder 1989) were used for the analyses of the metal 
concentrations in fish (on a dry-weight basis), using GenStat (2011). These were done separately for 
the gill and liver samples of the barramundi, and also for the muscle samples from the grinner. Each 
fish was taken as an independent experimental unit. For samples reported as ‘below the detection 
limit’, the usual convention of substituting half the detection level was used. This was done for the 
wet-weight data (upon which the test had been performed), and then these values were corrected for 
moisture per cent back to a dry-weight basis (which were used for the analyses). 
 
Again, the deliberate sampling of both diseased and unaffected barramundi introduced further 
complexity into the analyses. To adjust for this stratification, weighting factors were calculated as – 
Proportion (normal or diseased) in the whole sample /  
Proportion (normal or diseased) in the laboratory subsample 
 
These weighting factors were determined at the location by trip level, and then used to correctly 
weight each of the respective observations (normal or diseased) in the analyses for trips by 
locations. As none of the grinner were rated as diseased, no weightings were adopted for their 
analyses. 
 
For some metals, most of the observations were classified as <LOR - ‘less than the level of 
resolution’ of the test. Table 1.1 lists, for each fish and tissue type, the occurrences for metals which 
had three or fewer ‘actual’ (>LOR) observations. For these no valid analysis is possible – even 
nonparametric tests show no result when there are only a few (possibly-random) actual values. For 
example, the ‘most extreme’ regional comparison in Table 1.1 is two positives for Gladstone vs. 
zero for the reference sites, and this Chi-square test gives P = 0.15. For the metals which had 
sufficient data to be assumed as continuous there were a few high values, however these data were 
not notably skewed so no transformations were required. 
 
Table 1.1a.  For the barramundi gill samples, those metals with few observations >LOR, listing 
their counts across sites and trips (blanks = zero). 
 Chromium Nickel Silver Lead 
TRIP 1 - Awoonga Dam     
               Upper Boyne River  1   
               Hamilton Point     
               Bundaberg     
               Fitzroy River     
TRIP 2 - Awoonga Dam     
               Upper Boyne River    1 
               Hamilton Point 1 1  1 
               Bundaberg 1    
               Fitzroy River     
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Table 1.1b.  For the barramundi liver samples, those metals with few observations >LOR, listing 
their counts across sites and trips (blanks = zero). 
 Chromium Nickel Barium Lead 
TRIP 1 - Awoonga Dam     
               Upper Boyne River     
               Hamilton Point     
               Bundaberg     
               Fitzroy River     
TRIP 2 - Awoonga Dam     
               Upper Boyne River     
               Hamilton Point 1 1   
               Bundaberg   1  
               Fitzroy River     
 
Table 1.1c.  For the grinner muscle samples, those metals with few observations >LOR, listing their 
counts across sites and trips (blanks = zero). 
 Chromium Nickel Silver Cadmium Barium Lead 
TRIP 1 - Gladstone 2      
               Bundaberg       
               Fitzroy River 1      
TRIP 2 - Gladstone       
               Bundaberg  2  2 1  
               Fitzroy River       
 
 
For barramundi, both length and weight was trailed separately as covariates. In general these were 
negative or non-significant. The only significant positive fits were for length vs. Aluminium for 
liver (P = 0.045), and for Mercury for both gills and liver, where length was more highly significant 
(P < 0.001 for both tissues). It was concluded that this strong result for Mercury was evidence of 
bio-accumulation, so length was retained as a covariate for this metal only. The analyses for all 
other metals (including Aluminium) used no covariate. 
 
Across the metals by tissues combinations of analyses, sites, trips and their interaction were 
significant (P < 0.05) far more often than expected by random chance. Hence there were proven 
patterns in the data, and for full information (and consistency with the reporting of other data) the 
means are listed on the two-way (sites by trips) basis. 
 
For barramundi, second analyses were also conducted for each variable including ‘disease status’ in 
the model. This allowed the direct testing and reporting of the impact of disease status on the 
concentrations of each metal. 
 
The univariate analyses of each of the metals are followed by a multivariate summarisation. This 
first considers the relationships amongst the metals (via a correlation matrix), and then adopts a 
principal components representation of all the data (taking the first two orthogonal dimensions) to 
obtain an overview as to which locations and times are most similar. 
 
 
 
 
 



Department of Science, Information Technology, Innovation and the Arts 

Page 42 

2. RESULTS – BARRAMUNDI, GILLS 
 
Disease status – None of the metals in Table 2.1 showed a significant (P < 0.05) difference 
between normal and diseased fish, although mercury was very close. It is notable that the diseased 
fish generally had higher levels than the normal fish.  
 
Table 2.1.  Effects of disease status on the metal concentrations (dry-weight basis), for the gill 
tissues of barramundi.  

 Normal Diseased 
Average

s.e.
Significance

level (P)
Ratio (Diseased 

/ Normal) 
Aluminium 13.5 18.1 2.6 0.324 1.34 
Iron 189 374 80 0.125 1.98 
Copper 3.41 4.95 0.80 0.208 1.45 
Zinc 56.2 65.7 4.0 0.131 1.17 
Arsenic 1.73 3.34 0.61 0.098 1.93 
Selenium 2.90 3.59 0.36 0.243 1.24 
Cadmium 0.045 0.075 0.015 0.122 1.66 
Mercury 0.286 0.400 0.041 0.052 1.40 
Barium 1.64 1.26 0.58 0.615 0.77 
 
Location by trip means 
 
These are the results that are of primary interest, and are listed in Tables 2.2a to 2.2i. For each 
metal, significant-difference testing has been conducted amongst these means (locations by trips).  
 
Table 2.2a.  Aluminium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 2.12d 22.01b 38.6a 6.18cd 6.08cd 5.21 
Trip 2  17.23bc 11.7bc 12.78bc 19.3bc  

aMeans with a common superscript are not significantly different (P = 0.05).  
 
Table 2.2b.  Iron. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 225a 279a 564a 272a 226a 168 
Trip 2  522a 264a 163a 184a  

 
Table 2.2c.  Copper. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 3.18b 3.93ab 8.14a 3.89ab 3.96ab 1.70 
Trip 2  4.58ab 4.67ab 3.41ab 2.82b  

 
Table 2.2d.  Zinc. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 54.2a 61.6a 72.8a 65.1a 60.2a 8.6 
Trip 2  54.9a 69.3a 53.3a 58.6a  
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Table 2.2e.  Arsenic. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.74cd 2.28bc 1.35bc 6.87a 0.70cd 1.24 
Trip 2  5.28ab 0.47d 4.28abc 1.07bc  

 
Table 2.2f.  Selenium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 2.21b 3.49ab 3.76ab 4.70a 1.94b 0.74 
Trip 2  4.55a 2.58ab 3.78ab 2.49b  

 
Table 2.2g.  Cadmium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.124a 0.091ab 0.096ab 0.071ab 0.086ab 0.031 
Trip 2  0.044ab 0.058ab 0.021b 0.021b  

 
Table 2.2h.  Mercury. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.443ab 0.393ab 0.368abc 0.144c 0.361abc 0.083 
Trip 2  0.484a 0.302abc 0.230bc 0.503a  

 
Table 2.2i.  Barium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.74a 2.84a 0.47a 0.25a 0.43a 1.09 
Trip 2  1.95a 2.00a 0.54a 2.51a  

 
Overall (multivariate patterns) 
 
Relationships amongst the metals can be measured by the correlation coefficient, r. Table 2.3 lists 
these values, which show the direction and relative strength of these relationships. 
 
Table 2.3.  Correlation matrix for the metals. Significant (P < 0.05) correlations have an absolute 
value > 0.294, and are indicated in bold. 

Aluminium 1.000   
Iron 0.202 1.000  

Copper 0.337 0.862 1.000  
Zinc 0.347 0.697 0.840 1.000  

Arsenic -0.129 0.574 0.263 0.206 1.000  
Selenium 0.107 0.793 0.663 0.525 0.798 1.000  
Cadmium -0.041 0.558 0.607 0.509 0.163 0.365 1.000 
Mercury 0.251 0.462 0.322 0.366 0.375 0.337 0.300 1.000
Barium 0.117 -0.068 -0.027 0.109 -0.186 -0.038 -0.201 -0.144 1.00

 Aluminium Iron Copper Zinc Arsenic Selenium Cadmium Mercury Barium
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The relatively high degree of correlations amongst these nine metals means that the first two 
principal components capture 62% of the total variation. This overall spatial representation is shown 
in Figure 2.1.  
 

 
Figure 2.1.  Movements of the overall location and trip principal component means in 
multidimensional space for the barramundi gill samples. The Gladstone sites are indicated by the 
circles with the solid lines, the reference sites by the squares with the dotted lines, and Awoonga 
Dam (trip 1 only) by the star. 
 
 
Summarising by regions 
 
The means for the individual locations can be combined into ‘Gladstone’ (Hamilton Point and 
Upper Boyne River; notably does not include Awoonga Dam) vs. ‘Reference’ (Bundaberg and 
Fitzroy River), as listed in Table 2.4. The pooled standard error for each mean was calculated 
according to the usual sum-of-variances method (Raj 1968), and these were used to conduct a t-test 
for the degree of difference between these regional means.  
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Table 2.4.  Regional means for the metal concentrations (dry-weight basis). Within trips, significant 
(P < 0.05) differences are bolded. 

 Trip 1 –   Trip 2 –   
 Reference Gladstone Sig. level Reference Gladstone Sig. level 

Aluminium 30.3 6.1 0.000 14.5 16.0 0.767 
Iron 421 249 0.307 393 173 0.202 
Copper 6.04 3.92 0.220 4.62 3.11 0.387 
Zinc 67.2 62.7 0.600 62.1 55.9 0.482 
Arsenic 1.82 3.79 0.119 2.87 2.68 0.875 
Selenium 3.63 3.32 0.679 3.56 3.14 0.571 
Cadmium 0.094 0.078 0.625 0.051 0.021 0.351 
Mercury 0.381 0.252 0.125 0.393 0.366 0.751 
Barium 1.65 0.34 0.233 1.97 1.53 0.686 
 
 
3. RESULTS – BARRAMUNDI, LIVER 
 
Disease status – None of the metals in Table 3.1 showed a significant (P < 0.05) difference 
between normal and diseased fish. Silver and copper were close to significant, with diseased fish 
having lower levels of these metals than the normal fish. 
 
Table 3.1.  Effects of disease status on the metal concentrations (dry-weight basis), for the livers of 
barramundi.  

 Normal Diseased 
Average

s.e.
Significance

level (P)
Ratio (Diseased 

/ Normal) 
Aluminium 2.26 3.18 0.53 0.489 1.41 
Iron 1420 1901 282 0.431 1.34 
Copper 44.8 18.5 10.2 0.065 0.41 
Zinc 67.9 66.0 7.7 0.701 0.97 
Arsenic 4.40 5.80 0.80 0.429 1.32 
Selenium 5.36 4.52 0.86 0.373 0.84 
Cadmium 0.106 0.137 0.019 0.562 1.28 
Mercury 0.597 0.624 0.145 0.843 1.05 
Silver 0.260 0.080 0.063 0.055 0.31 
 
 
Location by trip means 
 
These are the results that are of primary interest, and are listed in Tables 3.2a to 3.2i. Again, 
significant-difference testing has been conducted amongst the nine means for each metal.  
 
Table 3.2a.  Aluminium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.57c 3.92ab 0.97bc 2.96abc 3.64ab 0.99 
Trip 2  3.23abc 1.25bc 5.42a 2.52abc  

aMeans with a common superscript are not significantly different (P = 0.05). 
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Table 3.2b.  Iron. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 663c 1993bc 1397bc 3665a 1899bc 530 
Trip 2  845bc 1092bc 2297ab 803bc  

 
Table 3.2c.  Copper. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 5.6b 60.0ab 31.5ab 67.7a 7.2ab 23.6 
Trip 2  61.5ab 8.2ab 26.8ab 12.6ab  

 
Table 3.2d.  Zinc. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 32.5c 67.7bc 68.1bc 120.6a 59.0c 14.0 
Trip 2  45.3c 40.1c 107.7ab 35.3c  

 
Table 3.2e.  Arsenic. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 3.48cd 7.75bc 2.99d 13.22a 2.15d 1.54 
Trip 2  4.11cd 0.93d 10.16ab 2.10d  

 
Table 3.2f.  Selenium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 2.32bc 5.81abc 3.57bc 10.14a 2.80bc 1.66 
Trip 2  6.96ab 1.85c 7.04ab 2.88bc  

 
Table 3.2g.  Cadmium. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.027d 0.147bc 0.089cd 0.275a 0.117bc 0.036 
Trip 2  0.050cd 0.086cd 0.182ab 0.056cd  

 
Table 3.2h.  Mercury. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.659a 1.036a 0.460a 0.619a 0.939a 0.273 
Trip 2  0.428a 0.365a 0.596a 0.575a  

 
Table 3.2i.  Silver. 

 
Awoonga 

Dam Bundaberg 
Fitzroy 

River
Hamilton 

Point
Upper 

Boyne R. Avg. s.e. 
Trip 1 0.057b 0.229ab 0.098ab 0.201ab 0.080ab 0.136 
Trip 2  0.433a 0.058b 0.105ab 0.196ab  
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Overall (multivariate patterns) 
 
Table 3.3 lists the correlation coefficients, r, which show the direction and relative strength of the 
relationships. 
 
Table 3.3.  Correlation matrix for the metals. Significant (P < 0.05) correlations have an absolute 
value > 0.294, and are indicated in bold. 
Aluminium 1.000   
Iron 0.639 1.000  
Copper 0.004 0.201 1.000  
Zinc 0.610 0.724 0.413 1.000  
Arsenic 0.375 0.634 0.307 0.656 1.000  
Selenium 0.346 0.569 0.791 0.659 0.670 1.000  
Cadmium 0.668 0.889 0.228 0.840 0.641 0.587 1.000 
Mercury 0.796 0.725 0.074 0.571 0.305 0.330 0.730 
Silver -0.058 -0.015 0.890 0.176 0.075 0.701 0.040 
 Aluminium Iron Copper Zinc Arsenic Selenium Cadmium 

   
Mercury 1.000   
Silver -0.028 1.000  
 Mercury Silver  
 
 
The relatively high degree of correlations amongst these nine metals means that the first two 
principal components capture 80% of the total variation. This overall spatial representation is shown 
in Figure 3.1.  
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Figure 3.1.  Movements of the overall location and trip principal component means in 
multidimensional space for the barramundi liver samples. The Gladstone sites are indicated by the 
circles with the solid lines, the reference sites by the squares with the dotted lines, and Awoonga 
Dam (trip 1 only) by the star. 
 
 
Summarising by regions 
 
Again, the means for the individual locations can be combined into ‘Gladstone’ (Hamilton Point 
and Upper Boyne River) vs. ‘Reference’ (Bundaberg and Fitzroy River), as listed in Table 3.4. The 
degree of difference between these regional means was determined with t-test.  
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Table 3.4.  Regional means for the metal concentrations (dry-weight basis). Within trips, significant 
(P < 0.05) differences are bolded.  

 Trip 1 –   Trip 2 –   
 Reference Gladstone Sig. level Reference Gladstone Sig. level 

Aluminium 2.44 3.30 0.390 2.24 3.97 0.093 
Iron 1695 2782 0.046 969 1550 0.284 
Copper 45.7 37.4 0.726 34.8 19.7 0.529 
Zinc 67.9 89.8 0.124 42.7 71.5 0.048 
Arsenic 5.37 7.68 0.140 2.52 6.13 0.026 
Selenium 4.69 6.47 0.287 4.41 4.96 0.744 
Cadmium 0.118 0.196 0.035 0.068 0.119 0.165 
Mercury 0.748 0.779 0.911 0.396 0.586 0.482 
Silver 0.163 0.141 0.867 0.245 0.151 0.496 
 
 
4. RESULTS – GRINNER, MUSCLE 
 
Location by trip means 
 
These are listed in Tables 4.1a to 4.1g. For each metal, significant-difference testing has been 
conducted amongst these means (locations by trips). Due to the unbalanced nature of the sampling 
for grinner, with only one Gladstone and one reference site for trip 1, and one Gladstone and two 
reference sites for trip 2, no ‘regional comparisons’ have been done. Any such differences can be 
judged by the significant differences between the sites (within each trip). It is notable that for the 
first four metals the reference site of Bundaberg (which was only sampled on trip 2) had 
significantly higher levels than all other sites, across both trips. Within trips, there were no instances 
where the levels at Gladstone were significantly higher than the levels at either of the reference 
sites. 
 
Table 4.1a.  Aluminium. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 3.8b 1.9b 3.9 
Trip 2 23.2a 5.1b 5.4b  

a,b means with a common superscript are not significantly different (P = 0.05).  
 
Table 4.1b.  Iron. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 12.9b 8.8b 6.0 
Trip 2 44.5a 8.6b 13.7b  

 
Table 4.1c.  Copper. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 0.89b 0.68b 0.15 
Trip 2 1.81a 0.92b 1.07b  

 
Table 4.1d.  Zinc. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 21.9b 17.8b 3.1 
Trip 2 36.8a 20.9b 25.4b  
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Table 4.1e.  Arsenic. 
 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 

Trip 1 6.83ab 10.27a 1.88 
Trip 2 7.63ab 3.34b 7.49ab  

 
Table 4.1f.  Selenium. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 2.35ab 2.41a 0.13 
Trip 2 2.03b 2.44a 2.37ab  

 
Table 4.1g.  Mercury. 

 Bundaberg Fitzroy River Gladstone Harbour Average s.e. 
Trip 1 0.147a 0.189a 0.050 
Trip 2 0.121a 0.225a 0.250a  

 
 
Overall (multivariate patterns) 
 
Relationships amongst the metals are measured by the correlation coefficient, r, as listed in Table 
4.2. 
 
Table 4.2.  Correlation matrix for the metals. Significant (P < 0.05) correlations have an absolute 
value > 0.398, and are indicated in bold. 
Aluminium 1.000   
Iron 0.665 1.000  
Copper 0.735 0.693 1.000  
Zinc 0.491 0.785 0.811 1.000  
Arsenic -0.036 0.180 0.106 0.145 1.000  
Selenium -0.192 -0.169 -0.203 -0.282 0.014 1.000  
Mercury -0.285 -0.355 -0.347 -0.351 -0.260 0.126 1.000 
 Aluminium Iron Copper Zinc Arsenic Selenium Mercury 
 
 
Given there are only seven metals and that some high correlations exist amongst these, the first two 
principal components capture 92% of the total variation. This overall spatial representation is shown 
Figure 4.1. As was apparent in Table 4.1, the major difference appears to be between Bundaberg 
and the other sites. 
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Figure 4.1.  Movements of the overall location and trip principal component means in 
multidimensional space. Gladstone is indicated by the circles with the solid line, and the reference 
sites by the squares with the dotted line. 
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Appendix C 
Sensitivity analysis  

1. Pb, crabs 

As discussed in the revised stats report, there were too few ‘actual’ values (four) to have any real 
confidence in these differences, so either say this, or (preferably) omit these means altogether & 
state why. Note that for the fish there were a number of metals not analysed for this reason. 

2. Cr, crabs 

Given that 20 (out of 40) values were <LOR, two scenarios were investigated – firstly taking these 
as = LOR (= 0.05 on the wet-weight basis), and secondly as zero. These reanalyses are 
contrasted with the original results, which used half LOR (= 0.025). The statistical significance of 
the overall terms in the ANOVAs does not change (Tables 1-3)– all three (being the site and trip 
main effects, along with their interaction) remain not significant (P > 0.10 for all tests). 

 

Table 1 – Original Results 

 Bundaberg Fitzroy R. The Narrows Port area Average 
Standard Error 

Trip 1 0.136ab 0.235a 0.110b 0.086b 0.041 

Trip 2 0.116ab 0.123ab 0.190ab 0.142ab  
a,bMeans with a common superscript are not significantly different (P = 0.05).  

 

Table 2 – Changing all <LOR to LOR. 

 Bundaberg Fitzroy River The Narrows Port Area Average 
Standard Error 

Trip 1 0.194ab 0.237a 0.156ab 0.130b 0.033 

Trip 2 0.151ab 0.166ab 0.223a 0.186ab  

 

CHANGING ALL <LOR to zero. 

 Bundaberg Fitzroy R. The Narrows Port area Average 
Standard Error 

Trip 1 0.078b 0.234a 0.065b 0.041b 0.049 

Trip 2 0.081ab 0.080ab 0.157ab 0.099ab  
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The original differences were that (on trip one) Fitzroy was significantly higher than both the 
Narrows and the Port area. The first scenario loses one of these (Fitzroy is no longer different to 
the Narrows). The second scenario, whilst having a higher standard error, picks up an extra 
difference – here Bundaberg is also significantly lower than the Fitzroy mean. The basic result, that 
Fitzroy on trip one is notably higher than the other sites, remains the same in all these scenarios. 

For the overall regional means, the original results had higher average Cr on trip one for the 
reference sites vs. the Gladstone region. The comparable results are now – 

 P-value Reference mean Cr Gladstone mean Cr Percentage 

Original analyses 0.031 0.186 0.098 190 

Scenario 1 - <LOR 
= LOR 

0.035 0.216 0.143 151 

Scenario 2 - <LOR 
= zero 

0.004 0.156 0.053 294 

All scenarios are statistically significant, and point to the reference mean (driven by Fitzroy) being 
notably larger than mean Cr from Gladstone. 

 

3. Al, Barramundi (gills) 

From 45 samples there were seven with <LOR (which was 0.5 for Al) – all from trip one, with four 
from Awonga, two from the upper Boyne and one from Hamilton Point. Any revised analyses would 
leave Awonga as having clearly the smallest mean (currently 2; would shift up or down by a small 
amount). 

With original means around 6, upper Boyne and Hamilton were considerably lower than Bundaberg 
and Fitzroy (22 and 39 respectively). These results would obviously come out quite similar if the 
three <LOR values were altered, as the reference sites for trip one (along with all sites for trip two) 
would be unchanged. Hence the highly-significant regional result for trip 1, of Gladstone 
(comprising upper Boyne and Hamilton) being notably lower than the reference sites, would also 
remain. 
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