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1) New information to be assessed - Dredging impacts on the Swan River  

 

The proposal to dredge the Fremantle Port inner harbour, entrance channel and deep 

sea channel was subject to an EPA assessment with the level of assessment set at 

Public Environmental Review (PER). The assessment by the EPA focused on plume 

modelling, seagrass impacts and coastal impacts of the plume. Assessment of the 

dredging impacts on the Swan River was extremely limited. The Swan River is in poor 

health as a result of high levels of nutrient input, algal blooms and discharge of heavy 

metals, herbicides (atrazine and simazine), hydrocarbons and persistent organic 

pollutants (dieldrin, HCB heptachlor and chlordane) from over 600 drains1,13 landfills 

and other sources2.  

 

Recent reports show that old landfill sites3 and drains4 are discharging contaminants 

into the river system. The Swan River Trust has started pumping oxygen into the river in 

an attempt to maintain river biota. Damage to the entire river ecosystem has been 

underscored in recent months by revelations of numerous river dolphin deaths arising 

from immuno-suppression and chemical contamination (see attached notes on dolphin 

necropsy from Murdoch University at Appendix 1). Levels of PCBs and other 

organochlorines are present in the dolphins at high levels known to cause immuno-

suppression and reproductive anomalies.  In light of this grim picture, the question of the 

dredging impacts becomes paramount.  

 

As dolphins have been identified as sentinels of river health by the Western Australian 

Government, the monitoring program for the dredging works should have included an 

ecotoxicity assessment for the dolphins that took into account contamination of their 

habitat and food supply, as well as factoring in their current body burden of chemicals 

such as organochlorine pesticides (OCPs). Necropsy of the deceased river dolphins has 

already noted that dieldrin (an OCP) concentrations in their lipid tissue greatly exceed 

thresholds for reproductive effects and immuno-suppression. None of this information 

was available to the WA EPA at the time of the assessment of the dredging proposal. 

Consequently there has been no consideration of the dredging impact on dolphin health 

or the health of their food supply in any of the PER documentation or in the EPA 

assessment. 
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When Alex Rankin, the Assistant Secretary of the Environment Assessment Branch of 

the former Department of the Environment and Heritage issued a determination on 

January 11, 2006 that the dredging proposal did not constitute a „controlled action‟ 

under the Environmental Protection and Biodiversity Conservation Act 1999, no 

information was made available to the agency regarding the extremely high levels of 

contamination in the Swan River bottlenose dolphin population. The dolphins are 

unusual in that they reside almost exclusively in the Swan River and the pod number is 

around 20-25. Since April 2009 almost a quarter of the population have been found 

deceased in the river. 

 

Fremantle Port Authority (FPA) have engaged consultants Oceanica to develop a 

monitoring and management plan for the dredging operation which is currently being 

implemented. Oceanica5 claim that testing of contaminant levels in mussels from the 

river when applied to particular trigger levels under the Australian Food Standards Code 

have “been adopted as surrogate targets to manage potential impacts on non-human 

higher order consumers of seafood (e.g. dolphins)”. However, dolphin diet primarily 

consists of fish and squid and there is no evidence that freshwater mussel 

contamination has any bearing whatsoever on the health of dolphins. Use of these 

standards to „protect‟ dolphins has little scientific validity and should not have been 

accepted by the Western Australian EPA as a legitimate assessment method for 

determining ecotoxicity of the dredged material. 

 

The applicability of elutriate testing to ecotoxicity assessment is also questionable given 

that most OCPs found in the dolphins and the sediment of the Swan River are highly 

lipophilic and absorb readily to sediment in preference to becoming soluble in the water 

column. The claim by Oceanica and the Fremantle Port Authority that only 

concentrations of contaminants present in the filtered „elutriate‟ fraction of water 

samples is „bioavailable‟ is also questionable (the elutriate being the filtered water 

remaining after solid particles of the inner harbour sediment have been removed). The 

high levels of OCPs, PCBs and their metabolites in Swan River dolphins suggest that 

food web effects such as bioaccumulation of OCPs is readily occurring in the river. 

Sediment sampling confirms elevated levels of these analytes in the sediment of the 

river including the zones currently being dredged.  

 

Elevated dieldrin in black bream from the Swan River,  provide an obvious exposure 

pathway for the dieldrin and other OCPs to reach the dolphins. Black bream which are 

part of the dolphins diet, feed on small fish, crustacea and other sediment dwelling biota 

which filter feed on contaminated sediments. To suggest that the OCP in the sediments 

being dredged is not „bioavailable‟ because it is not soluble in the water column is at 

odds with current scientific knowledge. 

 

                                                 
5
 Oceanica (2010) Fremantle Port Inner Harbour and Channel Deepening – Reclamation at Rous Head and Offshore 

Placement of  Dredge Material. Water Quality Monitoring Program. January 2010. 
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The only ecotoxicity information related to marine life that could be located in the 

assessment documents was in relation to elutriate testing on sea urchins. The results of 

this test are of great concern, with the reproductive inhibition in 50% of the test 

organisms.6 These concerns are dismissed by consultants SKM as “this sampling 

location is well outside of the proposed dredge area”.7 As aerial photos on the FPA 

website indicate this is exactly where the current dredging is occurring.8 

 

This test should have triggered far more expansive ecotoxicity testing of Swan River 

estuarine environment biota to establish the impacts that were likely to occur during 

dredging. Black bream in the Swan River estuary, an important food supply for the 

dolphins and a recreational fishing target, have also been noted to have rising levels of 

dieldrin in their flesh which in some cases is approaching 60% of the maximum residue 

limits (MRLs) for human consumption. In addition p,p-DDE was detected at 0.018 – 

0.053 mg/kg in the bream.9 

 

However, there is no information as to the size of the fish sampled, their age or the flesh 

component that was sampled. Older or larger fish may tend to have higher 

concentrations of OCPs in their flesh and lipids as opposed to muscle tissue. 

 

No sampling has been conducted for fish such as mulloway, tailor or bony herring which 

live both in the river and State and Commonwealth marine waters in which dolphins and 

the Australian sea lion forage. 

 

Dieldrin was also found at extremely high levels in the dead Swan River dolphins 

indicating that this banned chemical is bioaccumulating through the food web of the 

river. Dieldrin and a range of other persistent organic pollutants (POPs) have also been 

identified in the sediment of the inner harbour and the harbour entrance. There has 

been no evaluation of the contribution of these POPs to health of the dolphins or other 

river biota. Reports from residents living along the lower stretches of the river have 

indicated that river dolphins had disappeared from East Fremantle during the heavy 

plume movement up river in recent weeks (when they had appeared daily for years 

before the dredging) and that river bird numbers had declined dramatically since the 

beginning of the dredging. No consideration of these impacts was given in the PER or 

EPA assessments. Loss of food supply for the estuary birds and dolphins may be a 

critical issue in terms of environmental impacts of the dredging operation.  
  

                                                 
6
 Sinclair Knight and Mertz (2003) Fremantle Port Inner Harbour Maintenance Dredging 2003 Final monitoring 

Report. 
7
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8
 www.fremantleports.com.au/Planning/5905.asp 

9
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2) Existing Assessment Inadequate 

 

(a) Monitoring inadequacies  

 

The Water Quality Monitoring Program (Oceanica 2010) was made public the day 

before dredging began. There has been no avenue for public or expert comment on the 

validity of the monitoring program and virtually no time for the public to consider the 

monitoring limitations before it was implemented. The monitoring program should have 

been included as part of the PER documentation and subject to public scrutiny and 

potential improvements. Coordination of critical activities related to monitoring must 

suffer under such time pressures. 

 

My office has identified a number of areas of concern with the monitoring program that 

may render it ineffective in terms of environmental protection. Aerial photos on the FPA 

website from January 11 (see FPA website) indicate that within one week of the 

dredging commencing, the plume had already extended upriver almost twice as far as 

the maximum distance anticipated by the EPA in Report 1330. It is clear that the plume 

has reached Blackwall Reach and may have extended beyond, though the photographic 

evidence is unclear beyond Blackwall Reach in the Swan River. 

 

Despite the plume movement so far up the river, no monitors are indicated in the Water 

Quality Monitoring Program report beyond the Leeuwin boat ramp (see Oceanica 2010, 

Figures 3.1 and 3.2 on pages 8/9). Effectively, large areas of the river impacted by 

plumes have no surveillance monitoring. 

 

Blackwall Reach is already noted to have elevated levels of mercury and copper in 

sediment and the contribution of contaminants from the dredge plume cannot be 

assessed now due to the lack of sufficient monitoring stations. Another potential issue is 

that the monitoring stations are on the margins of the river, but the plume seems to 

concentrate in the centre of the river.  

 

 

 (b) Inadequate Limit of Detection (LODs) 

 

The „Limit of Detection‟ (LOD) is a term to describe the lowest reliable limits at which 

laboratory equipment can detect a given analyte or chemical. Acceptable practice is to 

set the LOD at or below the relevant guideline level for any given chemical. If a 

permissible level of dieldrin in water is 0.01 μg/L then the LOD should be set at 0.01 

μg/L or less for the laboratory. However, Table 4.5 of Oceanica (2010) indicates that the 

LOD for chromium VI, copper, tributyltin and chlordane are magnitudes of order higher 

than the guidelines set for the protection of human and environmental health. The risk 

entailed here is that the test results for these chemicals in the dredge monitoring may 
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report „non-detect‟ where in fact the levels of chemicals may be well above those levels 

set for the protection of human or environmental health.This is unacceptable practice.  

 

Similarly Oceanica admit in Table 4.7 that the LODs for dieldrin, endrin, lindane and 

chlordane (all highly toxic and banned POPs) are set well above the trigger levels. 

Again this is unacceptable as the trigger levels may be exceeded while the samples 

return a „non-detect‟ reading due to lack of sensitivity of laboratory instruments. It also 

raises doubts as to the characterisation of the sediments in the inner harbour reported 

by Fremantle Ports to the EPA as part of the PER process, if this same approach was 

used. This should be re-assessed immediately. 

 

3) Protection Status of Swan River - Moderate Ecological Protection?  

 

It is unacceptable to assign the Swan River the status of only „Moderate‟ instead of 

„High‟ Ecological Protection for this project. Almost all other marine areas affected by 

the dredging have been ascribed a level of High Ecological Protection (HEP) for this 

project. The exception being the area just off Rous Head where high concentrations of 

dredge plume from return water will lead to a significant drop in water quality from High 

to Moderate Ecological Protection throughout the life of this project. Assigning the river 

a level of Moderate Ecological Protection (MEP) allows the FPA to deposit much higher 

levels of contamination into the river than would be permitted if the river was given HEP 

status.  
 
The justification for allowing these high levels of pollution provided by Oceanica is 
unacceptable; “In the absence of formal classification of the appropriate level of 
protection for Swan River estuarine waters, the EPA (2005a) approach has been 
followed, whereby the waters along the eastern margin of Cockburn Sound were 
designated as being highly disturbed and having a moderate level of ecosystem 
protection.” p.3  

 

The eastern margins of Cockburn Sound are heavily impacted by shell dredging 

activities and industrial pollution outfalls from Kwinana, the heaviest industrial strip in 

Western Australia. The lower reaches of the Swan do not have petroleum refineries, 

nickel smelters, alumina refineries, chemical manufacturers or herbicide factories 

discharging to the river. The Swan River should not be classified in the same manner as 

the eastern margin of Cockburn Sound which has hosted these contaminating industries 

for over 50 years.  

 

Even if it were the case that the Swan River were so polluted as to be accorded MEP 

status, it is illogical to then authorise much higher levels of imposed pollution from 

dredging to exacerbate the existing problem. The consequence of allowing this „informal 

classification‟ to remain in place is a major change in the trigger levels applied to 

pollution monitoring in the Swan River.  
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Much higher levels of pollution from dredging are permitted than would be the case 

under HEP status. For example, the trigger level for highly toxic chromium Vl 

(hexavalent) under HEP status is 0.14 μg/L, whereas under MEP status levels can 

reach 20 μg/L before action has to be taken by Fremantle Ports. That is to say 

chromium VI can be 142 times higher under the MEP before any action is taken. 

Similarly, arsenic has been identified by the EPA as a key contaminant of concern in the 

sediment to be dredged (EPA Bulletin 1330). While arsenic in Harbour sediment was 

below the NODGM levels for ocean disposal, elutriate testing indicated that arsenic was 

mobilised readily into the water column and could represent a threat to marine (and 

therefore river) biota. By informally classifying the river as MEP no limits apply to the 

amount of arsenic that can be liberated during dredging. The same lack of trigger limits 

for dieldrin also applies under MEP classification. Both of these toxic materials have 

been identified as threats to river estuary life by the EPA and Murdoch University yet 

there are no controls on how much of this material can be liberated by dredging. Under 

HEP status trigger levels apply. 

 

Information available to my office indicates that contaminated material, including the 

waste from former dredging operations, has contaminated the Rous Head reclamation 

site. The leachate from this waste disposal has resulted in the groundwater beneath 

Rous Head becoming contaminated at levels which exceed the ANZECC Marine Water 

Quality Guidelines for a number of heavy metals, with arsenic levels approaching the 

limits prescribed in the guidelines.  

 

As part of the PER, the Rous Head site was referred to the Contaminated Sites Branch 

of the Department for Environment and Conservation for assessment and classification. 

At this stage no classification has occurred, yet the material that comprises the 

contaminated mound is clearly being pushed into the seafloor that comprises the 

recently created reclamation area created by the FPA. This raises the issue of how a 

site pending classification as contaminated can be pushed into the sea during 

assessment. As of today the site is not listed on the DEC database as a contaminated 

site.  

 

Creating a sea front waste dump and misuse of guidelines  

 

The addition of contaminated waste from dredging to this site will inevitably result in 

Rous Head being classified as contaminated. The material being dumped there 

currently is too contaminated to be dumped at sea, yet that is in fact what is happening 

by default. It is being dumped on the sea floor which is surrounded by an artificial 

breakwater. This is effectively the creation of a contaminated site or waste dump on the 

sea front.  

 

The Contaminated Sites Act 2003 was created to prevent the creation of contaminated 

sites and to clean up the hundreds of sites that already exist in WA. However the 

guidelines on contaminant levels such as HIL-F from the National Environmental 
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Protection Measure (Contaminated Sites) are being misused against the intent of the 

Federal legislation to pollute pieces of land such as Rous Head up to those trigger 

levels. I question the efficacy of the government knowingly creating a contaminated site 

on the sea floor near iconic Perth beaches. Would a private developer be allowed to do 

this? It would appear that environmental policies and legislation has been manipulated 

for this purpose.  

 

In summary, this controversial dredging project needs to be reassessed by the 

Federal Government to enable a proper environmental and ecotoxicity risk 

assessment to be undertaken. This may cause a delay of several months. 

However, given the risk presented to marine biota such as cetaceans, dolphins 

and the Australian sea lions in and around the dredging zone this is not an 

unreasonable request. Indeed this assessment work should have been conducted 

before the project commenced. 
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Appendix 1 

 

Summary of findings from Murdoch University 

 

Overview of 2009 Dolphin Deaths in Swan River  

Who is involved? 

The investigation into the deaths in the Swan River is a collaboration involving Murdoch University, Curtin 

University, Swan River Trust, and Department of Environment and Conservation (DEC). 

Nahiid Stephens (veterinary pathologist at the Murdoch University Vet School) is the lead pathologist in the 

investigation and conducted most of the post-mortem analyses and their subsequent interpretation and 

consultation. Stephens established the initial diagnostic framework for the range of factors potentially underlying 

the immunosuppression observed in dolphins. 

Dr. Carly Palmer (Murdoch University Vet School) is coordinating the overall investigation and also coordinated the 

contaminants analysis. These analyses were conducted at the National Measurement Institute and the WA 

Chemistry Centre. 

Dr. Chandra Salgado (Curtin University) and Dr. Hugh Finn (Murdoch University) have provided input on the 

ecology of the Swan River dolphin community. 

Dr. Padraig Duignan and Dr. Aaron Jex (both of University of Melbourne) are key collaborators in the investigation. 

Dr. Duignan has been working the field of marine mammal health for more than 20 years and is one of the leading 

specialists in marine mammal disease in Australia. Dr. Jex provides expertise on the genomic side of disease 

diagnostics, particularly in relation to viruses. 

The investigation has been conducted in close collaboration with WA management agencies, particularly Dr. Kerry 

Trayler (Principal Scientist, Swan River Trust) and Doug Coughran (Senior Wildlife Officer, DEC). 

Dr. Lars Bejder and Holly Smith (both of Murdoch University) are also collaborators and are involved with studies 

of dolphins in the Bunbury area and elsewhere. 

Is this important? 

There have been six deaths of dolphins from the Swan River this year (2009): three deaths in June and another 

three in September-October. 

Research from late 2001 to mid-2003 identified a resident community of 20-25 bottlenose dolphins in the Swan 

River (the number varies depending on the number of calves present at any one time).  
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We do not know the current size and composition of the resident community but (at the start of 2009) it was likely 

to have been similar because of the slow reproductive rates of dolphins. 

By ‘resident’ we mean that these animals use the Swan River daily or near-daily and they are likely to do so over 

the course of their lives. The ‘resident’ dolphins account for nearly all of the dolphins observed in the Swan River 

(upstream of the Inner Harbour) and particularly those observed beyond the lower reaches and in the basin areas 

(Mosman and Freshwater Bays, Melville Waters), the Canning River, and the upper reaches of the Swan River 

(from Perth Waters to Caversham and beyond). 

The resident dolphins also spend about half their time in areas outside of the Swan River, ranging within Owen 

Anchorage and Parmelia and Success Banks. 

The available information indicates that the deaths this year were of animals that consistently used the Swan 

River. This conclusion is based on: ranging and sighting data from the 2001-3 study; contaminant concentrations, 

and evidence of immunosuppression (see explanation of ‘immunosuppression’ below).  

These considerations suggest that the 2009 mortalities constituted a significant impact on the resident dolphin 

community. Another series of mortalities such as those this year would be of grave concern. 

What can people do to help dolphins? 

Entanglement in discarded/lost monofilament fishing line is a long-term problem for dolphins in the Perth and 

Bunbury area that causes injury and mortality (and increases risk of infection), particularly in calves.  

From 1996 to 2003, researchers observed eight instances of dolphins entangled in fishing gear between 

Rockingham and Fremantle. Two of the dolphins that died in 2009 had entanglements (see further below) and 

there are reports of another dolphin in the Swan River with fishing line around its dorsal fin (reported to Swan 

River Trust – Wed 25 November). A dolphin calf from the Bunbury area also died in 2009; this animal had fishing 

line wrapped around its rostrum (beak). Another Bunbury dolphin (an adult female) had her dorsal fin amputated 

from entanglement in fishing line. 

Entanglement is an issue that can be managed through better disposal of fishing line and the use of biodegradable 

fishing line. 

In the long-term, perhaps the best way to help dolphins in the Swan River is to continue working towards a 

healthy and sustainable ecosystem by reducing nutrient inputs, supporting efforts to revegetate catchment and 

river-edge areas, and manage drains and other sources which introduce nutrients (such as nitrogen and 

phosphorus) and contaminants to the estuary. 

Everyone can play a role in reducing the input of nutrients and waste into the Swan-canning Riverpark, 

participating in river clean-up programs and the Swan River Trust’s Dolphin Watch program, and by avoiding any 

disturbance to dolphins (e.g. leaving them alone, not feeding them). 
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People can also help dolphins by avoiding disturbance to dolphins—dolphins in the river are often feeding or 

searching for fish. Interactions with humans reduce feeding success and can cause stress, particularly for females 

with dependent calves. 

What is the state of our current understanding? 

The first priority is to improve our understanding of the factors contributing to the 2009 mortalities. The 

information below details the areas of inquiry that we are actively investigating. This investigation is a 

collaborative undertaking with managers, personnel, scientists from the Swan River Trust, DEC, Curtin University, 

and Murdoch University, along with collaborators from WA, interstate, and internationally. 

Our understanding of the reasons why the dolphins died and the implications of these deaths is based on: post-

mortem examinations of four of the six dead dolphins (including histopathology), analyses of contaminant 

concentrations in tissues from three Swan River dolphins (all younger animals), and a field study of the Swan River 

dolphins from late 2001 to mid-2003. 

This is an on-going scientific investigation with a number of areas of uncertainty. It is a complex issue which 

requires on-going investigation, including further analyses for viral agents and contaminants. It is highly likely that 

a range of factors—probably acting synergistically—acting together to suppress the immune systems of the 

dolphins and thus ultimately contributed to their deaths. 

This is the best scientific understanding we have been able to develop to this point and is based on: the 

information listed above; comparisons with findings from other areas where significant marine mammal 

mortalities have occurred; and extensive consultation and discussion with pathologists, scientists, wildlife officers 

and others from WA, Australia, and internationally. 

We have benefited greatly from information from other instances where significant marine mammal mortalities 

have occurred (and the scientists involved with or familiar with these cases), such as recent deaths of bottlenose 

dolphins in the Gippsland Lakes (Victoria) and mass mortalities along the SE coast of the US in the 1980s and 

1990s. 

The Swan River deaths also have similarities with the series of deaths observed in the Bunbury inner waters in 

2008-9, and the investigation is examining potential linkages between the two. 

What is known about the deaths? 

There have been six deaths of dolphins from the Swan River this year: three deaths in June and another three in 

September-October. 

Of these six animals: one was in an advanced state of decomposition when found and no post-mortem analysis 

was conducted; one was also in an advanced state of decomposition and although a post-mortem was conducted, 

findings were limited; four were in sufficient condition to support more intensive post-mortem analysis. 
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The results of the post-mortems of these four dolphins are the scientific foundation for our understanding of why 

these deaths occurred.  

Post-mortem examinations of four of the six dolphins showed indications the immune systems of the dolphins 

were compromised (i.e. indicative of immunosuppression). These examinations were conducted or reviewed by 

Nahiid Stephens (Veterinary Pathologist, Murdoch University). The post-mortem reports and histopathology 

(microscopic changes in diseased tissues) data have also been reviewed by Dr. Duignan and other pathologists. 

‘Immunosuppression’ is a descriptive term used to describe an immune system that is suppressed (i.e. an immune 

system that is compromised). When dealing with dead animal, immunosuppression is considered presumptive or 

assumed rather than proven as functional suppression of immune response cannot be demonstrated in dead 

specimens. 

 

A theme of immunosuppression is the main commonality amongst these four animals. The four were found to 

have been infected with ‘opportunistic’ pathogens, i.e. a pathogen (bacteria, virus, fungus, yeast, or protozoal 

organisms) that does not normally cause infection/disease in a healthy animal with a normal immune system. 

 

These pathogens occur naturally in the environment and a compromised immune system provides these 

organisms with an ‘opportunity’ to infect the animal. 

 

Two of the animals also had entanglements (discarded fishing line). 

 

Two had severe skin lesions. These lesions appear to reflect secondary fungal and bacterial infection; dolphins may 

be predisposed to these types of secondary infections because of presence of skin lesions caused by Cetacean pox 

virus, a virus that causes ‘pox-like’ lesions on the skin surface (usually visible as dark splotches on the skin). 

 

Damage from pox lesions could have been exacerbated by environmental conditions (e.g. rapid changes in 

salinity); this appears similar to the situation in Gippsland Lakes where dolphins also had severe skin lesions. 

What is causing immunosuppression? 

The immunosuppression observed in the Swan River dolphins is likely to result from a combination of factors that 

may also act synergistically. These factors include: (1) the presence of a virus; (2) stress from environmental 

conditions (e.g. osmotic damage from inputs of freshwater); (3) long-term exposure to contaminants; and (4) other 

factors, such as an algal biotoxin. 

Studies of other cases of significant marine mammal mortalities suggest that a virus may cause the initial immune 

system suppression (referred to as ‘primary’ infection). This is similar to humans (we are also mammals) when a flu 

virus causes immunosuppression and leaves us susceptible to secondary infection by opportunistic pathogens. 

Studies of other cases of significant marine mammal mortalities indicate that Cetacean Morbillivirus should be 

considered. However, the presence of Morbillivirus is difficult to detect in post-mortem analysis and conventional 

laboratory analyses. At this stage, we are unable to determine if Cetacean Morbillivirus is present in dolphins from 
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the Swan River and we are actively investigating ways (through collaboration with researchers elsewhere in 

Australia) to test for its presence using tissue samples. 

Cetacean pox virus may also be present, and although not highly pathogenic by itself, the virus does cause skin 

lesions that may make dolphins more susceptible to secondary infection by other pathogens. 

A number of other factors may cause immunosuppression, again possibly in combination and synergistically.  

Two factors we are actively investigating are environmental factors (e.g. temperature, salinity, pH and rapid 

changes in these physio-chemical parameters) and long-term exposure to contaminants.  

The grouping of the deaths suggests that environmental factors do play a role, as does information from other 

areas. The deaths in the Gippsland Lakes, for example, came after a period of unusually high rainfall. 

We are actively considering the possibility that long-term exposure to contaminants may cause 

immunosuppression (and possibly reproductive impairment) in dolphins from the Swan River. This hypothesis is 

consistent with the concentrations of contaminants in dolphin samples from the Swan River, and with 

concentrations and studies of the effects of contaminants from other locations. 

Other factors such as algal biotoxins are another possibility that we are considering, although review of 

phytoplankton datasets at the time of the dolphin deaths did not identify any phytoplankton that would adversely 

impact on dolphin health. Assays of dolphin tissues did not identify the pathogens associated with Epizootic 

Ulcerative Syndrome (EUS or ‘red spot diseases’), a condition observed in some black bream from the Canning 

River. The EUS pathogen does not appear to transfer from fish to dolphins through ingestion. 

Information on contaminants 

Dr. Carly Palmer (Murdoch University Vet School) has led the investigation into the concentrations of 

contaminants in dolphins from the Swan River and the initial assessment of their potential role in the mortalities.  

The tissue samples of the three dolphins that died in June analysed for concentrations of contaminants, with 

analyses for ‘organic’ contaminants conducted the National Measurement Institute (NMI) in NSW and analyses of 

heavy metals, TBT, and methyl mercury conducted at the WA Chemistry Centre.  

  



13 

 

Comparative information on concentrations of contaminants from other locations is available. 

Dieldrin and DDT metabolites found in dolphins from the Swan River, Perth WA. 

Blubber Dieldrin  

mg/kg wet 

weight 

Dieldrin 

mg/kg per 

lipid 

weight 

pp-DDE 

mg/kg 

wet 

weight 

pp-DDE 

mg/kg 

per lipid 

weight 

pp-DDD 

mg/kg 

wet 

weight 

pp-DDD 

mg/kg 

per lipid 

weight 

pp-DDT 

mg/kg wet 

weight 

pp-DDT 

mg/kg 

per lipid 

weight 

1 

Juvenile 

male 

7.5 20.6 10 27.5 1.1 3 0.77 2.1 

2  

Calf 

male 

0.88 2.8 2.5 8.0 0.14 0.45 0.2 0.64 

3 

Juvenile 

female 

9.4 39 20 83 1.6 6.6 1.1 4.5 

 
Levels of total PCBs found in dolphins from the Swan River, Perth WA. 

 Total PCBs* 

Blubber  ìg PCB/ g per lipid weight 

1 Juvenile male 57.69 

2 Calf male 27.87 

3 Juvenile 

female 
136.13 

Reference 

levels for 

marine 

mammals 

17ìg PCB/g lw 
a
 

(immune function effects) 

25-77ìg PCB/ g lw 
b
 

(reproductive effects) 

*Total PCB (as Aroclor 1254) (conversion according to Jepson et al, 2005); 
a
Kannan et al., 2000; 

b
AMAP, 2000 

[contact Murdoch University for these references] 

 

Note: 

 1 mg/kg is the equivalent of 1µg/g [µg = microgram] 

 

 concentrations are presented on both a per wet weight and per lipid weight basis 

 

 In the literature some authors will report contaminant concentrations on a wet weight basis while others 
will do so on a lipid basis. Per lipid weight concentrations cannot be compared with wet weight 
concentrations and vice versa. 

 

 Note also the concentrations in the literature are sometimes presented in ng/g [ng = nanogram; 1000 
nanograms (ng) = 1 microgram (µg). Where concentrations are expressed in ng/g, these concentrations 
must be divided by 1000 to convert to µg/g. 
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Summary of significant findings: 

There is no evidence that contaminants directly caused the deaths of the three dolphins tested. However, many 

contaminants can suppress the immune system and thus may indirectly be associated with their deaths through 

increasing the dolphins’ susceptibility to opportunistic infections. 

 

There may be other factors contributing the dolphins’ suppressed immune systems such as morbillivirus, water 

quality and seasonal changes. Therefore the suppressed immune systems observed in the dolphins may actually be 

the result of multiple factors. 

 

As top predators, dolphins are particularly vulnerable to fat soluble contaminants as their food intake is high, they 

are long lived, their capacity to decompose organic contaminant molecules is low and their blubber, which is rich in 

fat, acts as a storage area for the accumulation of contaminants.  

 

Male and female dolphins have been shown to accumulate different levels of fat-soluble contaminants. 

Concentrations in males tend to increase with age. The same pattern is observed in females during the juvenile 

stage, but levels stabilise or decrease after reaching sexual maturity due to pollutant transfer through gestation 

and lactation. As a consequence, tissue concentrations in adult females are generally lower than those of adult 

males. 

 

The three dolphins tested for contaminants so far were all of a young age and thus under represent the extent to 

which bioaccumulation of contaminants is probably occurring in adult male dolphins. 

 

A large percent (in some species up to 80%) of fat-soluble contaminants are transferred to the first born dolphin 

calf from the mother during pregnancy and lactation. This transfer of contaminants to neonates, depending on the 

levels, may result in toxicity and even death. 

 

The contaminant levels in the Swan River dolphins may be affecting their ability to reproduce and also the survival 

of calves. This is an important consideration and is need of further research. 

 

Little is known about the cumulative impact of mixtures of contaminants on the health of marine mammals. 

 

The three dolphins sampled were all of a young age and thus under represent the extent to which bioaccumulation 

is probably occurring in adult male dolphins. 

 

Many of these contaminants have a long half-life in the environment, i.e. they are persistent in the environment 

for long periods of time. For this reason, the ‘organic’ compounds discussed here are often referred to as 

‘persistent organic pollutants’ or POPs. 

 

The term ‘organic’ refers to the chemical structure of contaminants such as PCBs and organochlorines (OCs). 

Likewise, heavy metals and some other contaminants may be referred to as ‘inorganic’ contaminants. 
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1. Dieldrin 

The concentrations of dieldrin reported were considerably elevated and compare to some of the highest levels 

reported globally in marine mammals at present time.  

 

Dieldrin is reported to be an endocrine-disrupting chemical, carcinogenic, an immunosuppressant, neurotoxic and 

can also cause reproductive and developmental impairment. 

 

Historical context: The 1950’s saw the introduction of DDT and other organochlorines such as aldrin, chlordane, 

heptachlor and dieldrin into Australia for use in agriculture and pest control industries. Note that in the 

environment aldrin quickly oxidises into dieldrin. 

 

Aldrin and dieldrin were registered for use as liquid wood preservatives, to control borers, termites and dry rot in 

timber. Other uses for aldrin included as a pre-planting soil treatment for agricultural crops and as a seed 

treatment. Dieldrin was also used in emulsifiable concentrates, liquid concentrations and dusts to control termites 

and ants in domestic, industrial and agricultural situations. In agriculture it had reasonable extensive use in the 

control of various insect pests on a wide range of crops and livestock, including the control of wireworms and 

other insect pests in onion and potato crops. 

 

At the end of 1988, all dieldrin products had had their registrations cancelled in Australia. The registration of the 

last aldrin product in Australia, a termiticide, was cancelled in early 1994.  

 

2. Total PCBS 

The total PCB concentrations recorded for the three dolphins exceeded the threshold level of 17μg PCB/ g lw for 

adverse effects on the immune function of marine mammals, and fall within the estimated threshold level of 25-

77μg PCB/ g lw for reproductive effects in marine mammals. 

 

3. DDT and metabolites 

The concentrations of p.p’- DDE reported, particularly for the juvenile male (D) and sub-adult female (F), are 

possibly harmful. 

 

Elevated levels of DDT and metabolites in marine mammals have been associated with reproductive failure, 

neurological disorders, immunosuppression, and endocrine disease. 

 

The ratio of p.p’- DDE/DDTs indicates that the exposure to this pesticide is not recent, i.e. the ratio suggests that a 

lot of time has elapsed since the initial chemical forms of this pesticide were introduced to the environment and 

these forms have had undergone degradation to other chemical forms. 

 

4. Zinc 

The concentrations of zinc reported compare with elevated levels reported in the literature. It is however difficult 

to determine if these zinc levels are detrimental. Zinc is a bio-essential element, so the animals maintain the 

concentration within a specific range by homeostasis. Law et al (1991) suggested a homeostatic range of 20-100 μg 

g-1 wet weight for liver tissue zinc in common porpoise (Phocoena phocoena) and postulated that animals outside 

this range are those whose regulating mechanisms may be impaired.  
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There may however be interspecies differences between P. phocoena and Tursiops sp. Furthermore, there is a lack 

of information pertaining to zinc toxicosis in marine mammals. Acute zinc toxicosis is associated with acute 

pancreatic necrosis/pancreatitis in dogs, calves and sheep; however whether this occurs in cetaceans is unknown. 

Furthermore, the effects of chronic exposure in cetaceans is also not known. 

 

5. Methyl mercury and tributyltin (TBT) were below the limit of reporting 

 

Further contaminants results are pending, with results available in January (possibly earlier). 

 


