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Summary 

This study measured the concentrations of thirteen Per- and Polyfluoroalkyl Substances (PFAS), including 

perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), and perfluorohexane sulfonate (PFHxS) in aquatic 

sediment and biota from creeks and coastal waters in and around Darwin, Northern Territory. The biota are used for 

human consumption (aquatic foods). PFAS chemicals have been used in firefighting foams, hydraulic fluids and stain 

repellents. These chemicals have historically been used at airports across Australia, including Darwin Airport.  

 

PFAS levels in aquatic foods and sediment 

Periwinkles (Nerita balteata) and Long bums (Telescopium telescopium),the two aquatic food species most rigorously 

tested, as well as sediment from Ludmilla Creek (LC) and Rapid Creek (RC) had substantially higher mean PFOA and 

PFOS concentrations (the two dominant PFAS chemicals) compared to samples from the reference site at Fright 

Point (FP). Mean concentrations in LC and RC were up to 2 orders of magnitude higher than at FP. The highest were 

measured in samples from the upper tidal sites in LC and lower tidal sites in RC. PFAS levels in a small number of 

samples of red claw yabbies, cockles, oysters and mud mussels are also reported. 

There were large variations in PFAS levels between sites within each sampling area and between site duplicates 

indicating that PFAS chemicals are heterogeneously distributed within sediment and biota on a small scale (metres). 

 

Dietary exposure of PFAS chemicals (human health assessment) 

The intake of PFAS via consumption of the aquatic foods tested was calculated based on both a worst case scenario 

(i.e. maximum PFAS concentrations reported and maximum intake rate) and on the median case (median 

concentrations and intake rate) across five sites.  

Estimated worst case daily intakes for adults of both PFOS+PFHxS (sum total) and PFOA are less than 17% of the 

European Food Safety Authority (EFSA) tolerable daily intake (TDI) and this value drops substantially under the 

median scenario to below 1% of TDI. There are no defined TDI for other PFAS chemicals, however on average 

PFOS+PFHxS+PFOA accounted for 80% of all PFAS measured in aquatic foods. 

 

PFAS levels in sediment (ecosystem health assessment) 

Ecosystem screening guidelines are not available for PFAS chemicals in Australia. However, PFOS concentrations in 

marine sediment in LC and lower RC are classified as in “good” ecological health when compared to a Norwegian 

marine sediment criterion (Bakke et al. 2010, PFOA criterion not available) and both PFOA and PFOS concentrations 

in upper RC are well below terrestrial soil screening levels adopted by the Department of Defence. 

Further data will assist in assessing ecological risk relating to PFAS concentrations in the aquatic environment. This 

may include analysis of existing data as well as future measurements of PFAS in surface and ground water, sediment 

and aquatic organisms. 

 

Sources of PFAS in sediment and biota 

Analysis of site-specific PFAS levels show that the composition of PFAS in both biota and sediment at the FP reference 

site, and in particular a lack of PFOS/PFOA, differentiates samples at this site from all others. This observation, in 

conjunction with the low levels of all PFAS at the FP site, suggests that PFOS/PFOA sources are linked to anthropogenic 

activities in the catchments of LC and RC.  
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1. Introduction and background 

Per- and Polyfluoroalkyl Substances (PFAS), formerly referred to as Perfluorinated Chemicals (PFCs), are a class of 

synthetic compounds that have been widely used in industrial applications e.g. in firefighting foams, hydraulic fluids 

and stain repellents. These PFAS chemicals may enter waterways via waste treatment plants and activities in the 

catchment. Their numerous uses and chemical characteristics have hindered the understanding of how they are 

distributed in the environment and how people may become exposed. Concerns about these compounds have 

developed as they can be toxic, resistant to degradation and may bio-accumulate in food chains (1). 

The Northern Territory Department of Health (DoH) recently commissioned a survey of PFAS levels in local creeks in 

regards to their potential presence in aquatic food and sediment. Earlier testing of PFAS levels in water did not 

exceed recommendations for recreational water, however some water samples from Rapid Creek and Ludmilla Creek 

had PFAS levels that were elevated compared to other parts of the catchments. The NT Environment Protection 

Authority and the ‘Save Rapid Creek’ community group also both released results which showed elevated 

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) levels in Rapid and Ludmilla Creeks. These 

chemicals have historically been used in firefighting foam at Darwin Airport which lies within the Rapid Creek and 

Ludmilla Creek catchments. 

The heightened awareness of PFAS in the environment has prompted the DoH in conjunction with the NT EPA, to 

start a program of testing seafood commonly eaten by members of the community and by Indigenous people in 

particular, in both Rapid and Ludmilla Creeks. In general, concentrations of PFAS are expected to be low in lower 

trophic-level organisms such as mussels and relatively higher in higher trophic level organisms. However, higher 

concentrations of PFAS have been reported in some lower trophic levels (2, 3). Sediments may be a source of PFAS, 

possibly due to the sorption of perfluorinated acids or neutral PFAS to organic matter, followed by sedimentation 

and subsequent uptake by benthic invertebrates such as shrimp, molluscs, and crabs (3). These and other 

observations suggest food web analyses are important because higher organisms may not necessarily have higher 

contaminant loads. In the present study we targeted popular aquatic food species, some of which are benthic or 

algae feeders. Since they are consumed year round (D. Jackson pers. com.), it is important to determine whether 

they are a potential source of ingested PFAS. 

 

2. Study aims and design 

This study aimed to measure the concentrations of a range of PFAS in aquatic sediment and biota for human 

consumption and assess the concentrations in relation to ecosystem and human health guideline levels.  

Specifically the objectives were:  

1. To quantify levels of PFAS in aquatic foods and sediment 

2. Assess dietary exposure of PFAS from the specific aquatic foods tested for which guideline levels have been 

defined 

3. Assess levels of PFAS chemicals in sediment in relation to environmental guideline levels 

4. Assess sources of PFAS in sediment and biota  

The study was designed as a control-impact comparison with sample replication at multiple sites within each study 
area. The potential impact areas are two creek systems whose catchments include Darwin Airport and other 
potential sources of PFAS. Fright Point, a remote reference (control) site, was also selected to provide background 
reference data. Equal sample numbers of two biota species and sediment were sought at all collection sites but were 
subject to variation in availability. A smaller number of additional aquatic food species were collected 
opportunistically. 
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Aquatic foods and target biota were selected following discussions with Ranger Team Leaders and Senior Rangers 
from the Larrakia Nation Aboriginal Corporation (LNAC) (Table 1) who were instrumental in choosing the reference 
site at Fright Point and specific locations in Ludmilla and Rapid Creeks. These locations are commonly used by the 
community to collect aquatic foods. The knowledge of these rangers of typical marine harvest at these sites and 
daily intake of the target species underpins the calculations used to determine if the dietary exposure to 
contaminants represents an unacceptable risk to public health. 

 

Table 1: Target biota species (aquatic foods) 

Biota species (common name) Image Comments 

Telescopium telescopium (Long bum) 

 

This snail rasps over the surface of 
sediment, feeding on algae and rotting 
leaf material. It is a common food source 
and is numerous in estuarine mangrove 
creeks.  

Nerita balteata (Periwinkle) 

 

 

This snail feeds on algae and is numerous 
in estuarine mangrove creeks. It is a 
common food source.  

Cherax quadricarinatus (Red claw 
yabby) 

 

This freshwater yabby is frequently eaten 
and can be found in the upper reaches of 
Rapid Creek. 

Polymesoda erosa (Mud mussels) 

 

 

These are large shells and represent a big 
feed but are fairly rare. They can be found 
at Fright Point and will provide baseline 
data for opportunistic collections 
elsewhere. 

Saccostrea cucullata (Oyster) 

 

Oysters are found at Fright Point and 
provide important baseline data for 
opportunistic collections elsewhere. 
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3. Sampling and analysis methods 

Three areas were selected for the main sampling program: Rapid Creek, Ludmilla Creek and Fright Point (Figure 1). 

Fright Point provided a reference site with minimal anthropogenic inputs to provide data for background PFAS levels. 

A few samples were obtained from an additional food gathering site at Milners Creek. 

 

 

Figure 1: Locations of Ludmilla Creek, Rapid Creek, Milners Creek and Fright Point. 

 

3.1 Main study site - Rapid Creek 

Two zones were sampled in Rapid Creek: lower tidal and the upper freshwater regions (Figure 2). Periwinkles (Nerita 

balteata) and Long bums (Telescopium telescopium) were collected at all sites in the lower tidal region (RCL). There 

were two replicate samples at each site and 6 individual specimens were combined to comprise each sample for 

analysis (where available). Red claw yabbies (Cherax quadricarinatus) were collected at all three sites in the upper 

freshwater region (RCU). Sediment was collected at each collection point.  

Sample details are shown in Appendix 1.  
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Figure 2: Locations of sampling sites in Rapid Creek. RCL = Rapid Creek Lower (tidal); RCU = Rapid Creek Upper 

(freshwater); P = periwinkle; LB = long bum, Y = red claw yabby; S = sediment. 

 

 

3.2 Main study site - Ludmilla Creek 

Two zones were sampled in Ludmilla Creek: lower and upper estuarine regions, both tidal (Figure 3). Periwinkles 

(Nerita balteata) and Long bums (Telescopium telescopium)1 were collected at all sites in both lower and upper 

Ludmilla Creek. There were two replicate samples at each site and 6 individual specimens were combined to 

comprise each sample for analysis (where available). Sediment was collected at each collection point.  

Sample details are shown in Appendix 1. 

 

                                                           
1 At one site the related species Terebralia semistriata was collected instead of Long Bums (insufficient numbers available) 
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Figure 3: Locations of sampling sites in Ludmilla Creek. Periwinkles, long bums and sediment were collected at all 

sites except at site LCL-OY where only oysters were collected and LCL-C where only cockles were collected. LCL = 

Ludmilla Creek Lower (tidal); LCU = Ludmilla Creek Upper (tidal) 

 

 

3.3 Main study site – Fright Point (reference site) 

Periwinkles (Nerita balteata) were collected at all three sites at Fright Point (Figure 4). Long bums (Telescopium 

telescopium) could be collected at only two of the three sites. There were two replicate samples at each site and 6 

individual specimens were combined to comprise each sample for analysis (where available). Oysters (Saccostrea 

cucullata) and mud mussels (Polymesoda erosa) were collected at one site. Sediment was collected at each 

collection point. Sample details are shown in Appendix 1. 

 

 

3.4 Additional information site – Milners Creek 

Red claw yabbies (Cherax quadricarinatus) were collected at two sites at Milners Creek (Figure 5). Sample details are 

shown in Appendix 1. 
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Figure 4: Locations of reference sampling sites at Fright Point (tidal). Periwinkles, long bums and sediment were 

collected at all sites. In addition, oysters and cockles were collected at site FP1 and mud mussels were collected at 

site FP3. 

 

 

Figure 5: Locations of sampling sites at Milners Creek. Red claw yabbies were collected at both sites. 
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3.5 Sampling of biota and sediment 

With the exception of the Rapid Creek Upper sites, sediment was collected from an area within a metre of where 

biota samples were collected. Six scoops of sediment were combined to constitute one sample for analysis at each 

sampling site. Sediments were placed in 375 mL capacity solvent washed glass jars, bagged in a zip lock bags and 

kept on ice until returned to the lab and then refrigerated. Sediment was sampled in the same way and at the same 

depth (depth where biota is found) at all sites to ensure consistency between sites. Biota samples were collected by 

hand and placed in double zip lock bags and kept on ice, until their return to the lab at the Environmental Chemistry 

and Microbiology Unit (ECMU) at Charles Darwin University, where they were prepared for analysis on the same day 

they were received. Shells were not opened in the field. 

 

 

3.6 Sample preparation (ECMU, CDU) 

Sediment samples were prepared at the ECMU and then sent to the National Research Centre for Environmental 

Toxicology (Entox) laboratory at the University of Queensland with no further processing.  

Shells and implements were rinsed with methanol before extraction of each sample. Each sample was measured and 

weighed before the extraction of soft tissue. The extracted soft tissue was weighed after extraction. Six samples 

were pooled per site, placed in solvent washed glass jars and frozen for dispatch to the Entox laboratory. 

 

 

3.7 PFAS analysis (Entox, UQ) 

Extraction: Sediments were freeze-dried and 1 g was weighed into a 15 ml PP centrifuge tube and spiked with 4 ng of 
13C-labelled PFAS mixture. PFAS were extracted twice from the samples with Methanol/NH3 (aq) in an ultrasonication 

bath. Biota samples were homogenized and 1 g was weighed into a 15 ml PP centrifuge tube and spiked with 4 ng of 
13C-labelled PFAA mixture. Samples were digested using 200 mM NaOH/Methanol and then extracted twice with 

acetonitrile in an ultrasonication bath. Sediments and biota were cleaned up using Bond Elut Carbon cartridges (100 

mg). The eluates were blown down to 400 µl under a gentle nitrogen stream at 40 °C and topped up with 5 mM 

ammonium acetate in water to 1 ml. Performance standards 13C8-PFOS (2 ng) and 13C8-PFOA (2 ng) were added to 

the samples as a last step to account for volume corrections and compensate for instrumental drift. 

Analysis: The PFAS of interest were analysed using high performance liquid chromatography coupled to a tandem 

mass spectrometer operating in negative electrospray ionisation mode and using scheduled multiple reaction 

monitoring (SMRM). The following PFAS were measured: 

Perfluorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid (PFHxA), 

perfluoroheptanoic acid (PFHpA), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), 

perfluorodecanoic acid (PFDA), perfluoroundecanoic acid (PFUnDA), perfluorododecanoic acid (PFCA), 

perfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHxS), perfluorooctane sulfonate (PFOS), 

perfluordecane sulfonate (PFDS); 
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For separation a volume of 5 µl was injected onto a Gemini NX C18 column (50 x 2 mm, 3 µm, 110 Å) held at a 

constant temperature of 50 °C. A pre-column (C18, 50 x 4.6 mm, 5 µm, was installed between the solvent reservoirs 

and the injector to trap and delay the background of PFAS originating from the HPLC system. PFAS were separated 

by gradient elution on the HPLC using mobile phase 10 % (A) and 90 % (B) methanol, respectively, with 5 mM 

ammonium acetate. Identification and confirmation of peaks was done using retention times and comparing the 

ratios of MRM transition intensity between the samples and the calibration standards in the same batch of analysis. 

Quantification was conducted using 13C-labelled PFAS. Calibration standards were made up in 1000 µl (400 μl 

methanol/600 μl using 5 ml ammonium acetate in water). The concentration range of the eight prepared calibration 

standards was 0.1 – 100 ppb (0.1; 0.4; 1; 4; 10; 20; 40; 100).  

QC/QA: Calibration standards were injected three times in each batch of samples. Quality control standards, 

including duplicate samples, native spikes and deionized water procedural blanks and instrument blanks were added 

to the batch and treated in the same way as real samples. No PFAS were measured in procedural and instrument 

blanks. Quantification of PFAS was performed using a linear regression fit analysis weighted by 1/x of the calibration 

curve. Quantitation of PFAS was done by comparison with calibration curves constructed using only the linear isomer 

of each compound. Instrumental detection limits (LOD) were set according to three times the standard deviation of 

the concentration of the lowest standard after eight injections of this standard. Limits of reporting (LOR) were set at 

10 times the standard deviation of the lowest standard after 8 injections. All values reported are corrected for 

recovery of the surrogate standards. 

 

 

4. Results and Discussion 

4.1 PFAS concentrations in aquatic foods and sediment 

All analytical results are provided in Appendix 2 (aquatic foods) and Appendix 3 (sediment). Statistical summaries of 

Perfluorooctanoic acid (PFOA) and Perfluorooctane sulfonate (PFOS) + perfluorohexane sulfonate (PFHxS) 

concentrations in periwinkles, long bums and sediment which were systematically sampled in most areas are shown 

in Table 2 and Figure 6. Exposure assessment is focussed on PFOA and PFOS+PFHxS as tolerable daily intake (TDI) 

limits have been defined for these compounds only (see assessment below). The combined PFOA+PFOS+PFHxS 

concentrations accounted for an average of 67% of all analysed PFAS in biota samples and 84% in sediment 

samples2.  

There were large variations in PFAS levels between sites within each sampling area and in some instances also 

between duplicates at a single site. This indicates that PFAS contaminants in impacted areas are heterogeneously 

distributed within sediment and biota on a small scale (replicate samples were collected approximately 10-20 m 

apart). 

Periwinkles and long bums as well as sediment from Ludmilla and Rapid Creeks had substantially higher mean PFOA 

and PFOS+PFHxS concentrations compared to samples from the Fright Point reference site. In some cases mean 

PFOS concentrations in Ludmilla and Rapid Creek samples were ≈ 2 orders of magnitude higher than Fright Point 

samples. The highest concentrations of PFOA and PFOS+PFHxS, as well as total measured PFAS, were measured in 

aquatic food samples from the upper tidal sites in Ludmilla Creek (LCU) and lower tidal sites in Rapid Creek (RCL). 

Table 3 and Figure 7 show PFOA and PFOS+PFHxS data for a small selection of samples of other biota that were 

collected opportunistically at a few sites. Red claw yabby muscles had PFOA and PFOS+PFHxS concentrations similar 

                                                           
2 0.5 x LOR values used 
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to periwinkles and long bums whereas levels in cockles, oysters and mud mussels were near background levels and 

mostly less than the limit of reporting (LOR). 

 

 

Table 2: Statistical summaries of PFOA and PFOS+PFHxS concentrations (ng/g wet weight (ww)) in periwinkles, 

long bums and sediment in the five study areas (LCL, LCU: Ludmilla Creek Lower, Upper; RCL, RCU: Rapid Creek 

Lower, Upper; FP: Fright Point (reference site)). Where concentrations were <LOR a value of 0.5*LOR was used. 

Periwinkles and long bums were not present in RCU. 

 

 

 

 

Table 3: Average and standard deviation of PFOA and PFOS+PFHxS concentrations (ng/g wet weight (ww)) biota 

obtained from the study areas (LCL, LCU: Ludmilla Creek Lower, Upper; RCL, RCU: Rapid Creek Lower, Upper; MC: 

Milners Creek; FP: Fright Point (reference site)). Where concentrations were <LOR a value of 0.5*LOR was used. 

 

Periwinkle

Areas Specimens Average St.Dev. Median 95%'ile Average St.Dev. Median 95%'ile

LCL 6 0.56 0.27 0.48 0.91 0.95 0.32 1.03 1.25

LCU 6 1.33 1.18 1.38 2.48 9.32 15.52 0.62 32.75

RCL 6 2.14 1.39 1.85 4.03 17.32 12.41 22.15 29.78

FP 6 0.10 1.39 0.11 0.12 0.07 12.41 0.07 0.07

0.5* LOR inserted

PFOS+PFHxS (ng/g ww)PFOA (ng/g ww)

Long Bum

Areas Specimens Average St.Dev. Median 95%'ile Average St.Dev. Median 95%'ile

LCL 6 4.38 1.30 3.85 6.23 4.34 2.40 4.09 7.04

LCU 6 12.02 17.32 6.70 37.18 6.45 4.97 5.72 12.88

RCL 6 4.28 3.58 3.70 8.63 9.07 7.33 8.51 17.55

FP 4 0.39 3.58 0.33 0.68 0.09 7.33 0.09 0.12

0.5* LOR inserted

PFOA (ng/g ww) PFOS+PFHxS (ng/g ww)

Sediment

Areas Specimens Average St.Dev. Average St.Dev.

LCL 3 0.11 0.05 1.33 0.91

LCU 3 0.20 0.23 10.30 16.28

RCL 3 0.35 0.42 8.69 11.48

RCU 3 0.11 0.07 4.35 2.29

FP 3 0.04 0.42 0.12 11.48

0.5* LOR inserted

PFOA (ng/g dw) PFOS+PFHxS (ng/g dw)

Other biota

Areas Sites Average St.Dev. Average St.Dev.

Red claw yabbies

RCU-RCY 3 0.49 0.12 18.79 11.43

MC-RCY 2 0.15 0.01 1.65 0.23

Cockles

LCL-C 1 0.02 0.33

FP-C 1 0.06 0.07

Oysters

LCL-OY 2 0.02 0.00 0.15 0.04

FP-OY 2 0.02 0.00 0.07 0.00

Mud mussels

FP-MM 2 0.02 0.00 0.07 0.00

0.5* LOR inserted

PFOA (ng/g ww) PFOS+PFHxS (ng/g ww)
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Figure 6: Average concentrations of PFOA and PFOS+PFHxS in periwinkles, long bums (ng/g wet weight (ww)) and 

sediment (ng/g dry weight (dw)) in the five study areas (LCL, LCU: Ludmilla Creek Lower, Upper; RCL, RCU: Rapid 

Creek Lower, Upper; FP: Fright Point (reference site)). Where concentrations were <LOR a value of 0.5*LOR was 

used. Periwinkles and long bums were not present in RCU. 
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Figure 7: Average concentrations of PFOA and PFOS+PFHxS in red claw yabbies (RCY), cockles (C), oysters (OY) and 

mud mussels (MM) collected from the study areas (LCL: Ludmilla Creek Lower; RCU: Rapid Creek Upper; MC: 

Milners Creek; FP: Fright Point). Where concentrations were <LOR a value of 0.5*LOR was used. 

 

 

4.2 Dietary exposure 

The general community are exposed to low levels of PFAS through many ordinary consumer products and eating 

food contaminated with low PFAS levels. Consequently, most people have a baseline level of PFAS in their blood (5). 

Other groups may be exposed to higher levels of PFAS through, for example, occupational exposure or higher 

ingestion rates of PFAS-contaminated food compared to the general population.  

A 2012 European Food Safety Authority (EFSA) report (4) stated that the main contributors to dietary exposure to 

PFOS and PFOA were fish and other seafood, fruits and fruit products and meat and meat products but high variation 

in contribution was observed across dietary studies and age classes reflecting differences in dietary patterns. Based 

on the available data with only very few quantified results, the chronic dietary exposure to other 25 single PFAS are 

expected to be in the low ng/kg b.w. per day range or even lower. The 2012 study (4) analysed occurrence data for 

PFAS collected in 13 European countries during the period 2006 to 2012. A total of 54,195 analytical results covering 

a list of 27 substances were included in the assessment. A conclusion was that chronic dietary exposure to PFOS and 

PFOA was in all age classes and for both average and high consumers well below the tolerable daily intake (TDI).  

A recent study by Food Standards Australia New Zealand (6) detected PFOS at low levels (maximum 1 ng/g) in two 

out of 50 foods tested for PFCs, in fish fillets and beef sausages. PFOA was not detected in any foods. The 

concentration of PFOS detected in fish in this study was generally much lower than levels reported in international 

studies. 
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4.3 Tolerable daily intake (TDI) of PFOS/PFOA 

A TDI is an estimate of the amount of a chemical in air, food or drinking water expressed on a body weight (b.w.) basis, 

which can be taken in daily over the lifetime of a human without appreciable health risk. TDIs are usually calculated 

on the basis of animal studies to which uncertainty factors are applied to account for, for example, inter- and intra-

species differences and general uncertainty. The TDI is derived using the most sensitive endpoint in the most relevant 

study as described below: 

 

TDI =
NOAEL or LOAEL

UF
                                                                                                 (1) 

  

where:  NOAEL  = no observable adverse effect level 

 LOAEL = lowest observable adverse effect level 

 UF  = Uncertainty factor 

 

The TDI is a conservative intake estimate which is based on relevant available toxicological information to which safety 

(uncertainty) factors are typically applied. Hence, if TDI is exceeded for short periods no negative effect should be 

expected. Short-term exposure to chemicals exceeding the TDI is therefore usually not a cause for concern, providing 

the person’s average long-term intake does not exceed this limit.  

 

The European Food Safety Authority (EFSA) has derived PFOS and PFOA TDIs based on data from sub-chronic studies 

(4). In June 2016, the Environmental Health Standing Committee of the Australian Health Protection Principal 

Committee (enHealth) released an Interim National Guidance report on PFAS human health reference values to be 

applied in Australian site investigations (7). enHealth recommended the use of the EFSA TDI values for PFOS and PFOA. 

enHealth also considered the available information on perfluorohexane sulfonate (PFHxS) and recommended that the 

EFSA TDI for PFOS also be applied to PFHxS exposures. In practice this means PFOS and PFHxS exposures should be 

summed and the total compared to the TDI for PFOS (7). The NT EPA has adopted the TDI for the sum of PFOS and 

PFHxS pursuant to this recommendation. An independent peer review conducted for the Federal Government and 

released in August 2016 upheld the interim health reference values for PFAS as recommended by enHealth (8). 

It should be noted that TDIs based on long-term studies are preferable to sub-chronic studies (on which EFSA TDIs are 

based) and would be expected to give more reliable limits. The TDI values adopted in this study should therefore be 

used and applied with caution. 

The TDIs for PFOS+PFHxS and PFOA are given in Table 4. Whilst other PFAS are reported for aquatic food in this study 

and may contribute to the contamination, we did not identify any formal assessments of TDIs for PFAS other than 

those given below. 

 

Table 4: Tolerable daily intakes (TDI) derived by the European Food Safety Authority (EFSA) and recommended by 

enHealth 

 PFOS+PFHxS PFOA 

TDI EFSA 150 ng/kg b.w. 1500 ng/kg b.w. 

 

 



16 
 

 

4.4 Exposure assessment - approach 

This exposure assessment considers only exposure via consumption of selected PFAS-contaminated aquatic foods 

(which includes a range of molluscs/shell fish but no other commonly eaten aquatic foods such as fish). Estimation of 

chemical intake requires the adoption of several assumptions in order to calculate potential human exposure. The 

assumptions used are conservative and are likely to over- rather than under-estimate potential exposures. Exposure 

estimates for ingestion of aquatic food were calculated using the following equation. The symbol definitions and values 

adopted are listed in Table 5. 

Daily PFAS intake (ng/kg b. w./day) =
∑  IS × CS × RASAll species,S

BW
                            (2) 

  

 

 

Table 5:  Exposure parameters adopted 

Parameter/definition 
(unit) 

Adopted value Symbol Source 

Species* 

Long Bum (LB) 
Mud mussel (MM) 

Oyster (OY) 
Periwinkle (P) 

Red Claw Yabby (RCY) 

S  

Ingestion/consumption 
rate for species, S 

(g/day) 

Calculated as: 
No. of molluscs/shell fish 

consumed per day (day-1, see 
Table 6) x weight per 

mollusc/shell fish (g, Table 7) 

IS 

Consumption data from 
Donna Jackson, Ranger 

Team Leader LNAC; weights 
measured, this study 

Concentration of PFAS 
in species, S (ng/g wet 

weight) 

Derived from Appendix 2, 
median and maximum 

concentrations across all sites 
(excluding reference site, FP, 
except for MM for which only 
data from FP were available) 

were used to calculate median 
and maximum daily intakes 

CS Measured, this study 

Bioavailability or 
relative absorption of 
PFAS from species, S 

(unit less) 

1 RAS 

No available data.  
Conservative assumption 

assumes complete 
bioavailability from food 

Body Weight (kg)** 70 BW  

*Note: cockles were not included in the exposure assessment as consumption data were not available 

**Note: A body weight of 70 kg was used for adults (male and female) as per EFSA guidelines 
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Table 6: Number of molluscs/shell fish consumed per day (no. per day) 

Species No. per sitting 
No. per day (based on 1-2 sittings per week) 

Minimum Maximum Average 

LB 10-12 1.4 3.4 2.4 
MM 5 0.71 1.4 1.1 
OY 1 0.14 0.29 0.21 
P 5-10 0.14 2.9 1.6 

RCY 1 0.71 0.29 0.21 

 

 

 

Table 7: Weights of molluscs/shell fish measured in this study (across all sites, including reference site) (g) 

Species n Minimum Maximum Average Median 

LB 22 3.37 15.71 9.31 8.87 

MM 2 1.97 3.96 2.97 2.97 

OY 4 0.33 0.79 0.48 0.40 

P 25 0.74 6.41 2.48 2.29 

RCY 5 4.29 8.55 5.97 5.67 

 

 

 

 

4.5 Exposure assessment - results 

The intake of PFAS via aquatic food consumption was calculated based on both a worst case scenario (i.e. maximum 

PFAS concentrations reported in this study and maximum IS) and based on the median consumption (median 

concentrations and IS), across the five sites: Lower Ludmilla Creek, Upper Ludmilla Creek, Lower Rapid Creek, Upper 

Rapid Creek and Milners Creek. Given that food can be collected across all sites, site-specific assessments were not 

performed; data were averaged across all non-reference sites. Where measured PFAS values were below the limit of 

reporting (LOR), half the LOR concentration was used as the value of CS for the exposure assessment. 

Estimated worst case daily intakes for both PFOS+PFHxS and PFOA are less than 17% of the tolerable daily intake (Table 

8), and this value drops substantially under the most likely scenario (below 1% of TDI, Table 9). To validate PFOS daily 

intakes presented in Tables 8 and 9, a probabilistic simulation tool was used to derive the probability distribution for 

PFOS+PFHxS intake from aquatic food consumption across these sites. Probability distributions were applied to each 

input value in equation (2) using Oracle Crystal Ball (see Table 10 for distribution assumptions).  

A forecast of daily intakes was run using 1,000 trial iterations to derive a PFOS+PFHxS intake probability density 

function (pdf). Daily PFOS+PFHxS intake was predicted to following a log normal probability distribution (Figure 8), 

showing close agreement with the estimated median and worst case values (from Tables 8 and 9). 
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Table 8: Estimated worst case daily PFAS intake (ng/kg b.w./day) (maximum CS and IS) by species and in total, and 

compared to Tolerable Daily Intake (ng/kg b.w./day) for PFOS+PFHxS and PFOA 

 

 Daily intake (ng/kg b.w./day) TDI 
(ng/kg 

b.w./day) 
% of 
TDI  

LB MM OY P RCY Total 

n 18 2* 2 19 5    
PFBA 0.56 0.013 0.00016 0.44 0.0017 1.0   

PFPeA 0.07 0.0028 0.00011 0.068 0.0098 0.15   
PFHxA 0.53 0.0024 0.00010 0.0078 0.059 0.60   
PFHpA 2.5 0.0012 0.000048 0.039 0.011 2.6   
PFOA 36 0.0016 0.000064 1.1 0.022 37 1,500 2.5% 

PFNA 3.2 0.0020 0.000081 1.0 0.049 4.3   
PFDA 0.35 0.00081 0.000032 0.063 0.0066 0.42   
PFBS 0.18 0.0036 0.00014 0.012 0.016 0.21   

PFHxS 2.0 0.0036 0.00014 1.3 0.45 3.7   
PFOS 12 0.0016 0.00042 9.2 0.52 22   

∑PFHxS,PFOS 14 0.0052 0.00056 10 0.98 26 150 17% 

PFUnDA 0.13 0.0028 0.00011 0.0092 0.0084 0.15   
PFDoDA 0.25 0.0020 0.000081 0.22 0.010 0.48   

PFDS 0.027 0.0028 0.00011 0.0092 0.0012 0.041   
* Only data from reference site available 

 

Table 9: Estimated median daily PFAS intake (ng/kg b.w./day) (median CS and average IS) by species and in total, 

and compared to Tolerable Daily Intake (ng/kg b.w./day) for PFOS+PFHxS and PFOA 

 

 Daily intake (ng/kg b.w./day) TDI 
(ng/kg 

b.w./day) 
% of 
TDI  

LB MM OY P RCY Total 

n 18 2* 2 19 5    

PFBA 0.088 0.0048 0.000062 0.063 0.00087 0.16   

PFPeA 0.010 0.0016 0.000043 0.0018 0.00061 0.015   

PFHxA 0.0090 0.0014 0.000037 0.0016 0.0069 0.019   

PFHpA 0.17 0.00068 0.000019 0.0008 0.0024 0.17   

PFOA 1.4 0.00091 0.000025 0.042 0.0071 1.5 1,500 0.10% 

PFNA 0.29 0.0011 0.000031 0.010 0.0038 0.30   

PFDA 0.018 0.00045 0.000012 0.00053 0.00017 0.019   

PFBS 0.013 0.0020 0.000056 0.0024 0.0028 0.021   

PFHxS 0.08 0.0020 0.000056 0.0068 0.043 0.13   

PFOS 1.2 0.00091 0.00013 0.048 0.061 1.3   

∑PFHxS,PFOS 1.2 0.0030 0.00019 0.055 0.10 1.4 150 0.93% 

PFUnDA 0.022 0.0016 0.000043 0.0018 0.0033 0.028   

PFDoDA 0.0075 0.0011 0.000031 0.0013 0.00043 0.010   

PFDS 0.010 0.0016 0.000043 0.0018 0.00061 0.015   

* Only data from reference site available 
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Figure 8: Predicted probability density function (pdf) for daily PFOS+PFHxS (sum total) intake from aquatic food 

consumption. 

 

 

Table 10: Assumptions for probability density functions assigned to input terms in equation (2) 

 

Parameter/definition (unit) Assumed distribution Parameters 

Ingestion rate of species, IS - no. 
of molluscs/shell fish consumed 

per day (day-1) 
Uniform distribution 

Max/min values determined as 
per data in Table 3 

Ingestion rate of species, IS - 
weight per mollusc/shell fish (g) 

Normal distribution (LB, 
P), triangular (others)  

Parameterised to fit reported 
data, this study 

Concentration of PFAS in 
species, S (ng/g wet weight) 

Fitted to measured data, 
this study (log normal) 

Parameterised to fit reported 
data, this study 

Bioavailability or relative 
absorption of PFAS from species, 

S (unit less) 
Fixed value 1 

Body Weight (kg) Normal distribution Mean 70, std. dev. 7 
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4.6 Assessment of PFAS concentrations in sediment 

To assess ecosystem health of Ludmilla and Rapid Creeks, PFAS concentrations in sediment are compared to marine 

and terrestrial screening criteria (Table 11). This assessment is limited to sediment quality; a full ecological risk 

assessment requires multiple approaches including sampling of water, sediment and biota. While marine sediment 

criteria are not available in Australia, the data from this study are compared to the Norwegian chronic exposure 

PNEC (predicted no effects level) i.e., the concentration above which long-term exposure may cause effects on 

sufficient number of species to damage community structure and function (9). The Norwegian study derived a PNEC 

of 220 ng/g for PFOS in marine sediments and classified PFOS concentrations below 0.17 ng/g as background levels. 

Levels of PFOS at Fright Point correspond to this marine background level. PFOS concentrations at marine sites in 

Ludmilla Creek (LCU and LCL) and Rapid Creek (RCL) are within the 0.17-220 ng/g range classified by the Norwegian 

study as in “good” environmental health (i.e. no toxic effects are expected on marine ecosystem from chronic 

exposure). Screening criteria for PFAS other than PFOS were not defined in the Norwegian study.  

Comparison to other marine/estuarine Australian data show that the maximum PFOA and PFOS concentrations 

measured in sediment samples from Ludmilla and Rapid Creek sites are ≈5 times the maximum values reported (10) 

for sediment from Parramatta River, Sydney Harbour (Table 11).  

The Australian Department of Defence has adopted terrestrial ecosystem screening levels for soils at Australian 

defence sites based on a draft technical report by the Cooperative Research Centre for Contamination Assessment 

and Remediation of the Environment (CRC CARE) (11, 12). Table 11 shows that PFOA and PFOS concentrations 

measured in the freshwater section of upper Rapid Creek (RCU) are well below the Department of Defence screening 

levels (by 3 and 2 orders of magnitude for PFOA and PFOS, respectively). 

 

 

Table 11: Maximum concentrations of PFOA and PFOS in sediment (ng/g dry weight (d.w.)) in the five study areas 

compared to maximum values measured in Sydney Harbour (10), Norwegian marine sediment criteria (9) and 

Dept. of Defence / CRC CARE terrestrial soil criteria (11, 12). (LCL, LCU: Ludmilla Creek Lower, Upper; RCL, RCU: 

Rapid Creek Lower, Upper; FP: Fright Point (reference site). 

Area 
n PFOA max 

ng/g d.w. 
PFOS max 
ng/g d.w. 

LCL 3 0.15 2.0 

LCU 3 0.46 28 

RCL 3 0.84 20 

RCU 3 0.18 5.8 

FP (reference) 3 0.05 0.10 

Sydney Harbour 
(10) 

 0.16 6.2 

Norwegian 
marine criteria (9) 

 nc 220 

Dept. of Defence / 
CRC CARE 

terrestrial criteria 
(11, 12) 

 3730 373 

nc: no criteria available 
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4.7 Comparison of PFAS profiles between sampling areas and species 

Principal component analysis (PCA, Figure 9) of species- and site-specific PFAS levels show that the composition of 

PFAS in both biota and sediment at the reference site at Fright Point (triangles in Figure 9), and in particular a lack of 

PFOS/PFOA, differentiates samples at this site from all others (orange cluster, Figure 9). This observation, in 

conjunction with the low levels of all PFAS at the FP site (all PFAS close to or below LOR, Appendix 2), suggests that 

PFOS/PFOA sources are linked to anthropogenic activities in the Ludmilla and Rapid Creek catchments.  

 

 

 

 

Figure 9: Principal component analysis (PCA) score plot (top) and loading plot (below) to compare PFAS levels 

(normalised to total PFAS) between different aquatic species and sites. 

 

LCL-P-1

LCL-P-2

LCL-P-3
LCL-P-4

LCL-P-5

LCL-P-6

LCL-LB-7

LCL-LB-8

LCL-LB-9
LCL-LB-10

LCL-LB-11

LCL-LB-12

LCL-P-13

LCL-LB-14

LCL-Sed-15

LCL-Sed-16
LCL-Sed-17

LCU-P-18

LCU-P-19

LCU-P-20

LCU-P-21

LCU-P-22

LCU-P-23

LCU-LB-24

LCU-LB-25

LCU-LB-26

LCU-LB-27

LCU-LB-29

LCU-Sed-30
LCU-Sed-31

LCU-Sed-32

MC-Y-33
MC-Y-34

RCL-P-35

RCL-P-36

RCL-P-37

RCL-P-38

RCL-P-39

RCL-P-40

RCL-LB-41

RCL-LB-42

RCL-LB-43

RCL-LB-44RCL-LB-45

RCL-LB-46

RCL-Sed-47

RCL-Sed-48

RCL-Sed-49

RCU-Y-50

RCU-Y-51

RCU-Y-52

RCU-Sed-53

RCU-Sed-54

RCU-Sed-55

FP-P-56

FP-P-57

FP-P-58
FP-P-59

FP-P-60

FP-P-61

FP-LB-62

FP-LB-63

FP-LB-64

FP-LB-65

FP-C-66 FP-MM-67FP-MM-68

FP-OY-69

FP-OY-70

FP-Sed-71FP-Sed-72

FP-Sed-73

LCL-C-74

LCL-OY-75

LCL-OY-76

-4

-3

-2

-1

0

1

2

3

4

5

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

F2
 (

1
9

.0
0

 %
)

F1 (47.55 %)

Observations (axes F1 and F2: 66.55 %)

Sediments and Yabbies

Long Bums

Periwinkles

Fright Point (reference site)
PLUS Oysters, Cockles and Mud Mussels

PFBA

PFPeA

PFHxA

PFHpA
PFOA

PFNA

PFDA

PFBS

PFHxS
PFOS

PFUnDA

PFDoDA

PFDS

-10

-8

-6

-4

-2

0

2

4

6

8

10

-4 -2 0 2 4 6 8

F2
 (

1
9

.0
0

 %
)

F1 (47.55 %)

Biplot (axes F1 and F2: 66.55 %)



22 
 

The profile of PFAS in red claw yabbies are highly consistent with those of sediments, specifically driven by higher 

PFOS and PFHxS levels compared to other food types. All mud mussel, oyster and cockle samples (regardless of 

source site) are clustered with the Fright Point samples, reflecting potentially low bioaccumulation of PFAS in these 

species (compared to long bums, periwinkles and yabbies). The PCA suggests small but distinct differences in PFAS 

profiles between periwinkles and long bums irrespective of site. PFAS in long bums (red cluster in Figure 9) are 

generally dominated by PFOA/PFNA to a greater extent than in periwinkles (green cluster in Figure 9), which may 

suggest slightly different uptake mechanisms for PFAS between these species. 
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5. Conclusions 

With reference to the study objectives we conclude: 

1. PFAS levels in aquatic foods and sediment 

Periwinkles, long bums (the two species most rigorously tested) and sediment from Ludmilla Creek (LC) and 

Rapid Creek (RC) had substantially higher mean PFOA and PFOS concentrations (the two dominant PFAS 

chemicals) compared to samples from the Fright Point (FP) reference site. Mean concentrations in LC and RC 

were up to 2 orders of magnitude higher than at FP. The highest were measured in samples from the upper tidal 

sites in LC and lower tidal sites in RC. 

There were large variations in PFAS levels between sites within each sampling area and between site duplicates 

indicating that PFAS chemicals are heterogeneously distributed within sediment and biota on a small scale 

(meters). 

2. Dietary exposure of PFAS chemicals (human health assessment) 

The intake of PFAS via aquatic food consumption was calculated based on both a worst case scenario (i.e. 

maximum PFAS concentrations reported and maximum intake rate) and on the median case (median 

concentrations and average intake rate) across five sites.  

Estimated worst case daily intakes for adults of both PFOS+PFHxS and PFOA are less than 17% of the tolerable 

daily intake (TDI) and this value drops substantially under the median scenario to below 1% of TDI. There are no 

defined TDI for other PFAS chemicals, however on average PFOS+PFHxS+PFOA accounted for 80% of all PFAS 

measured in aquatic foods. 

3. PFAS levels in sediment (ecosystem health assessment) 

Ecosystem screening guidelines are not available for PFAS in Australia. However, PFOS concentrations in marine 

sediment in LC and lower RC are classified as in “good” ecological health when compared to a Norwegian 

marine sediment criterion (PFOA criterion not available) and both PFOA and PFOS concentrations in upper RC 

are well below terrestrial ecological screening levels (applicable to terrestrial soils) adopted by the Department 

of Defence. 

Further data will assist in assessing ecological risk relating to PFAS concentrations in the aquatic environment. 

This may include analysis of existing data as well as future measurements of PFAS in surface and ground water, 

sediment and aquatic organisms. 

4. Sources of PFAS in sediment and biota 

Analysis of site-specific PFAS levels show that the composition of PFAS in both biota and sediment at the FP 

reference site, and in particular a lack of PFOS/PFOA, differentiates samples from this site from all others. This 

observation, in conjunction with the low levels of all PFAS at the FP site, suggests that PFOS/PFOA sources are 

linked to anthropogenic activities in the catchments of LC and RC.  
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6. Recommendations 

Our finding that PFAS levels in shellfish from both creek systems are substantially elevated compared to shellfish 

from the reference site, combined with the possibility that PFAS levels are biomagnified at higher trophic levels, 

suggests that it would be prudent to assess PFAS levels in fish and crabs and the associated dietary exposure. 

Subsistence as well as recreational fishing is popular at Rapid Creek in particular. 

Further data should be collected to assess ecological risk relating to PFAS concentrations in the aquatic environment. 

This may include analysis of existing data as well as future measurements of PFAS in surface and ground water, 

sediment and aquatic organisms. 

To further explore the extent of PFAS contamination in the two creek systems, and to guide future investigations 

into remedial action, more specific tracking of PFAS sources could be undertaken by conducting a detailed sediment 

survey in the upper reaches of Ludmilla and Rapid Creeks. Measurement of PFAS should be combined with other 

analyses aimed at characterising key sediment parameters, such as grainsize distribution and total organic carbon 

content, which are likely to influence the accumulation of PFAS. 
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Appendix 1: Sample details 

 

 

 

 

 

 

 

 

 

Ludmilla Creek Lower samples (LCL)

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

LCL1-1-P Periwinkle 22/06/2016 -12.412117° 130.836700° 6 35 12.7 3.2

LCL1-2-P Periwinkle 22/06/2016 -12.412117° 130.836700° 6 34 11.1 3.4

LCL2-1-P Periwinkle 22/06/2016 -12.417558° 130.844862° 6 23 3.8 0.8

LCL2-2-P Periwinkle 22/06/2016 -12.417558° 130.844862° 6 25 4.4 1.2

LCL3-1-P Periwinkle 22/06/2016 -12.408450° 130.832467° 6 26 5.5 1.7

LCL3-2-P Periwinkle 22/06/2016 -12.408450° 130.832467° 6 32 9.9 2.1

LCL1-1-LB Long Bum 22/06/2016 -12.412117° 130.836700° 6 84 58.9 8.4

LCL1-2-LB Long Bum 22/06/2016 -12.412117° 130.836700° 6 83 55.2 8.6

LCL2-1-LB Long Bum 22/06/2016 -12.417558° 130.844862° 6 79 51.8 9.0

LCL2-2-LB Long Bum 22/06/2016 -12.417558° 130.844862° 6 84 57.4 9.2

LCL3-1-LB Long Bum 22/06/2016 -12.408450° 130.832467° 6 68 46.6 7.3

LCL3-2-LB Long Bum 22/06/2016 -12.408450° 130.832467° 6 93 74.5 9.9

LCL1-1-cockles Cockles 22/06/2016 -12.412117° 130.836700° 2 35 12.8 0.2

LCLOY-1 Oysters 1/07/2016 -12.408118° 130.832918° 10 30 nd 0.3

LCLOY-2 Oysters 1/07/2016 -12.408118° 130.832918° 10 26 nd 0.4

LCL-1-Sed Sediment 22/06/2016 -12.412117° 130.836700°

LCL-2-Sed Sediment 22/06/2016 -12.417558° 130.844862°

LCL-3-Sed Sediment 22/06/2016 -12.408450° 130.832467°

Ludmilla Creek Upper samples (LCU)

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

LCU1-1-P Periwinkle 23/06/2016 -12.418045° 130.844417° 6 32 9.0 2.1

LCU1-2-P Periwinkle 23/06/2016 -12.418045° 130.844417° 6 33 11.0 2.7

LCU2-1-P Periwinkle 23/06/2016 -12.417558° 130.844862° 6 33 10.5 2.9

LCU2-2-P Periwinkle 23/06/2016 -12.417558° 130.844862° 6 31 9.5 2.6

LCU3-1-P Periwinkle 23/06/2016 -12.417584° 130.848386° 6 19 2.5 0.7

LCU3-2-P Periwinkle 23/06/2016 -12.417584° 130.848386° 6 29 7.5 1.8

LCU1-1-LB Long Bum 23/06/2016 -12.418045° 130.844417° 4 99 72.3 13.3

LCU1-2-LB Long Bum 23/06/2016 -12.418045° 130.844417° 5 96 78.5 14.1

LCU2-1-LB Long Bum 23/06/2016 -12.417558° 130.844862° 6 96 72.9 11.5

LCU2-2-LB Long Bum 23/06/2016 -12.417558° 130.844862° 6 95 75.3 11.2

LCU3-1-Terebralia Terebralia 23/06/2016 -12.417584° 130.848386° 6 71 33.6 5.7

LCU3-2-LB Long Bum 23/06/2016 -12.417584° 130.848386° 3 80 47.0 8.3

LCU-1-Sed Sediment 23/06/2016 -12.418045° 130.844417°

LCU-2-Sed Sediment 23/06/2016 -12.417558° 130.844862°

LCU-3-Sed Sediment 23/06/2016 -12.417584° 130.848386°
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Appendix 1 continued 

 

Rapid Creek Lower samples (RCL)

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

RCL1-1-P Periwinkle 24/06/2016 -12.376270° 130.867870° 6 28 7.2 2.3

RCL1-2-P Periwinkle 24/06/2016 -12.376270° 130.867870° 6 27 6.2 1.8

RCL2-1-P Periwinkle 23/06/2016 -12.382470° 130.866090° 6 33 10.1 3.5

RCL2-2-P Periwinkle 24/06/2016 -12.382470° 130.866090° 6 30 6.8 2.3

RCL3-1-P Periwinkle 23/06/2016 -12.383470° 130.865830° 6 41 17.2 6.4

RCL3-2-P Periwinkle 24/06/2016 -12.383470° 130.865830° 6 29 6.6 2.4

RCL1-1-LB Long Bum 24/06/2016 -12.376170° 130.866260° 6 77 51.6 9.1

RCL1-2-LB Long Bum 24/06/2016 -12.376170° 130.866260° 6 68 34.7 5.8

RCL2-1-LB Long Bum 23/06/2016 -12.382470° 130.866090° 6 76 44.3 6.5

RCL2-2-LB Long Bum 24/06/2016 -12.382470° 130.866090° 6 72 32.2 5.5

RCL3-1-LB Long Bum 23/06/2016 -12.383630° 130.866320° 6 60 29.3 3.4

RCL3-2-LB Long Bum 24/06/2016 -12.383630° 130.866320° 6 68 34.8 4.8

RCL-1-Sed Sediment 24/06/2016 -12.376170° 130.866260°

RCL-2-Sed Sediment 24/06/2016 -12.382470° 130.866090°

RCL-3-Sed Sediment 24/06/2016 -12.383630° 130.866320°

Rapid Creek Upper samples (RCU)

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

RCU2-1-Y Red claw 6/07/2016 -12.389550° 130.867217° 1 120 40.0 5.7

RCU3-1-Y Red claw 6/07/2016 -12.397333° 130.873717° 2 115 33.7 4.3

RCU3-2-Y Red claw 6/07/2016 -12.403717° 130.880550° 1 125 54.1 5.2

RCU-1-Sed Sediment 5/07/2016 -12.389733° 130.867617°

RCU-2-Sed Sediment 5/07/2016 -12.397517° 130.873733°

RCU-3-Sed Sediment 5/07/2016 -12.404767° 130.881767°

Fright Point samples (FP)

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

FP1-1-P Periwinkle 6/07/2016 -12.153250° 131.046367° 6 23 4.3 1.2

FP1-2-P Periwinkle 6/07/2016 -12.153250° 131.046367° 6 26 5.5 2.0

FP2-1-P Periwinkle 6/07/2016 -12.152583° 131.046767° 6 34 10.4 3.6

FP2-2-P Periwinkle 6/07/2016 -12.152583° 131.046767° 6 34 11.5 3.7

FP3-1-P Periwinkle 6/07/2016 -12.147017° 131.050217° 6 28 6.8 1.0

FP3-2-P Periwinkle 6/07/2016 -12.147017° 131.050217° 6 27 6.2 1.7

FP2-1-LB Long Bum 6/07/2016 -12.152583° 131.046767° 6 83 51.2 7.2

FP2-2-LB Long Bum 6/07/2016 -12.152583° 131.046767° 6 89 66.5 8.6

FP3-1-LB Long Bum 6/07/2016 -12.147017° 131.050217° 6 97 87.9 15.7

FP3-2-LB Long Bum 6/07/2016 -12.147017° 131.050217° 6 90 71.5 12.6

FP-Cockles cockles 6/07/2016 -12.153250° 131.046367° 3 31 14.9 1.1

FP3-1-MM Mud mussels 6/07/2016 -12.147017° 131.050217° 8 55 41.5 2.0

FP3-2-MM Mud mussels 6/07/2016 -12.147017° 131.050217° 4 59 61.3 4.0

FP1-1-OY Oysters 6/07/2016 -12.153250° 131.046533° 10 35 nd 0.8

FP1-2-OY Oysters 6/07/2016 -12.153250° 131.046533° 8 27 nd 0.4

FP-1-Sed Sediment 6/07/2016 -12.153250° 131.046533°

FP-2-Sed Sediment 6/07/2016 -12.152583° 131.046767°

FP-3-Sed Sediment 6/07/2016 -12.147017° 131.050217°

Milners Creek (MC) samples

Site/Sample ID Sample type Date sampled GPS E* GPS S*

No of 

specimens av size (mm)

total av 

weight (g)

soft tissue av 

weight (g)

MC-Redclaw 1 Red claw 24/06/2016 -12.451333° 130.983383° 2 140 70.1 8.6

MC-Redclaw 2 Red claw 24/06/2016 -12.450967° 130.983733° 3 115 33.4 6.2

* Datum: WGS84
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Appendix 2: Analytical results – Biota (aquatic foods) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ludmilla Creek Lower samples (LCL)

Site/Sample ID Sample type Tissue Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

LCL1-1-P Periwinkle All soft tissue ng/g ww 1.40 <LOR <LOR <LOR 0.56 0.29 <LOR <LOR 0.19 0.92 <LOR <LOR <LOR

LCL1-2-P Periwinkle All soft tissue ng/g ww 1.70 <LOR <LOR <LOR 0.36 0.18 <LOR <LOR 0.13 0.82 <LOR <LOR <LOR

LCL2-1-P Periwinkle All soft tissue ng/g ww 1.60 <LOR <LOR <LOR 0.79 0.19 <LOR <LOR <LOR 0.43 <LOR <LOR <LOR

LCL2-2-P Periwinkle All soft tissue ng/g ww 1.20 <LOR <LOR <LOR 0.95 0.19 <LOR <LOR <LOR 0.63 <LOR <LOR <LOR

LCL3-1-P Periwinkle All soft tissue ng/g ww 1.10 <LOR <LOR <LOR 0.28 0.14 <LOR <LOR <LOR 1.20 <LOR <LOR <LOR

LCL3-2-P Periwinkle All soft tissue ng/g ww 0.94 <LOR <LOR <LOR 0.39 0.18 <LOR <LOR <LOR 1.20 <LOR <LOR <LOR

LCL1-1-LB Long Bum All soft tissue ng/g ww 0.39 <LOR <LOR 0.45 3.10 0.67 0.28 <LOR 0.37 6.70 0.16 <LOR <LOR

LCL1-2-LB Long Bum All soft tissue ng/g ww 0.36 <LOR <LOR 3.30 6.50 1.82 0.26 <LOR 0.55 6.40 0.15 <LOR <LOR

LCL2-1-LB Long Bum All soft tissue ng/g ww 0.31 <LOR <LOR 0.55 4.00 1.09 0.14 <LOR 0.22 3.10 <LOR <LOR <LOR

LCL2-2-LB Long Bum All soft tissue ng/g ww 0.27 <LOR <LOR 0.61 5.40 1.48 0.15 <LOR 0.25 4.60 0.15 <LOR <LOR

LCL3-1-LB Long Bum All soft tissue ng/g ww 0.44 <LOR <LOR 0.55 3.60 0.81 <LOR <LOR <LOR 1.00 <LOR <LOR <LOR

LCL3-2-LB Long Bum All soft tissue ng/g ww 0.31 <LOR <LOR 0.51 3.70 1.05 <LOR <LOR 0.20 2.60 <LOR <LOR <LOR

LCL-P-Validation* Periwinkle All soft tissue ng/g ww 1.40 <LOR <LOR <LOR 0.44 0.16 <LOR <LOR 0.11 0.70 <LOR <LOR <LOR

LCL-LB-Validation* Long bum All soft tissue ng/g ww 0.18 <LOR <LOR 0.30 2.20 0.58 <LOR <LOR 0.12 1.30 <LOR <LOR <LOR

LCL1-1-cockles cockles All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR 0.28 <LOR <LOR <LOR

LCL1-1-OY Oysters All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR 0.13 <LOR <LOR <LOR

LCL1-2-OY Oysters All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR 0.08 <LOR <LOR <LOR

Ludmilla Creek Upper samples (LCU)

Site/Sample ID Sample type Tissue Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

LCU1-1-P Periwinkle All soft tissue ng/g ww 0.53 <LOR <LOR <LOR 0.15 <LOR <LOR <LOR <LOR 0.17 <LOR <LOR <LOR

LCU1-2-P Periwinkle All soft tissue ng/g ww 0.58 <LOR <LOR <LOR 0.46 <LOR <LOR <LOR <LOR 0.91 <LOR <LOR <LOR

LCU2-1-P Periwinkle All soft tissue ng/g ww 0.37 <LOR <LOR <LOR 2.30 0.16 <LOR <LOR <LOR 0.24 <LOR <LOR <LOR

LCU2-2-P Periwinkle All soft tissue ng/g ww 0.52 <LOR <LOR <LOR 0.18 <LOR <LOR <LOR <LOR 0.22 <LOR <LOR <LOR

LCU3-1-P Periwinkle All soft tissue ng/g ww 1.50 0.26 <LOR 0.15 2.40 0.23 <LOR <LOR 3.40 35.00 <LOR <LOR <LOR

LCU3-2-P Periwinkle All soft tissue ng/g ww 1.10 0.11 <LOR 0.11 2.50 0.30 <LOR <LOR 2.80 13.00 <LOR <LOR <LOR

LCU1-1-LB Long Bum All soft tissue ng/g ww 0.19 <LOR <LOR 3.00 47.00 3.40 0.45 <LOR 0.33 5.60 0.16 0.33 <LOR

LCU1-2-LB Long Bum All soft tissue ng/g ww 0.20 <LOR <LOR 0.95 6.50 0.52 0.15 <LOR 0.31 5.20 0.14 0.20 <LOR

LCU2-1-LB Long Bum All soft tissue ng/g ww 0.14 <LOR <LOR 0.21 1.80 0.25 <LOR <LOR <LOR 0.74 <LOR <LOR <LOR

LCU2-2-LB Long Bum All soft tissue ng/g ww 0.22 <LOR <LOR 0.58 6.90 0.87 0.11 <LOR 0.17 1.80 <LOR <LOR <LOR

LCU3-1-Terebralia Terebralia All soft tissue ng/g ww 0.19 <LOR <LOR <LOR 2.20 0.21 <LOR 0.20 4.50 9.00 <LOR <LOR <LOR

LCU3-2-LB Long Bum All soft tissue ng/g ww 0.50 0.08 0.69 1.10 7.70 0.48 <LOR <LOR 1.60 9.40 <LOR <LOR <LOR
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Appendix 2 continued 

 

 

 

 

 

 

 

 

 

 

 

Rapid Creek Lower samples (RCL)

Site/Sample ID Sample type Tissue Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

RCL1-1-P Periwinkle All soft tissue ng/g ww 0.66 <LOR <LOR <LOR 0.84 0.68 <LOR <LOR 0.25 0.90 <LOR <LOR <LOR

RCL1-2-P Periwinkle All soft tissue ng/g ww 0.91 0.07 <LOR <LOR 0.80 0.57 <LOR <LOR 0.46 2.50 <LOR 0.56 <LOR

RCL2-1-P Periwinkle All soft tissue ng/g ww 1.70 0.18 <LOR <LOR 4.30 4.00 0.24 <LOR 4.80 27.00 <LOR 0.83 <LOR

RCL2-2-P Periwinkle All soft tissue ng/g ww 1.50 0.13 <LOR <LOR 1.50 2.90 0.21 <LOR 3.70 20.00 <LOR 0.67 <LOR

RCL3-1-P Periwinkle All soft tissue ng/g ww 1.20 0.21 <LOR 0.14 3.20 3.50 0.18 <LOR 3.60 17.00 <LOR <LOR <LOR

RCL3-2-P Periwinkle All soft tissue ng/g ww 1.30 0.22 <LOR 0.11 2.20 2.10 <LOR <LOR 2.70 21.00 <LOR <LOR <LOR

RCL1-1-LB Long Bum All soft tissue ng/g ww 0.22 <LOR <LOR 0.34 1.50 1.10 <LOR <LOR 0.26 2.30 <LOR <LOR <LOR

RCL1-2-LB Long Bum All soft tissue ng/g ww 0.24 <LOR <LOR 0.18 1.30 0.53 <LOR <LOR 0.24 1.60 <LOR <LOR <LOR

RCL2-1-LB Long Bum All soft tissue ng/g ww 0.42 0.09 0.62 1.20 7.20 2.40 0.12 0.12 1.70 12.00 0.13 <LOR <LOR

RCL2-2-LB Long Bum All soft tissue ng/g ww 0.28 <LOR <LOR 0.13 0.67 0.49 <LOR <LOR 0.22 3.10 0.17 <LOR <LOR

RCL3-1-LB Long Bum All soft tissue ng/g ww 0.59 <LOR 0.40 1.20 5.90 2.20 <LOR 0.19 2.60 16.00 0.14 <LOR <LOR

RCL3-2-LB Long Bum All soft tissue ng/g ww 0.73 0.08 0.61 1.30 9.10 4.10 0.11 0.23 2.40 12.00 0.11 <LOR <LOR

Rapid Creek Upper samples (RCU)

Site/Sample ID Sample type Tissue Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

RCU2-1-Y Red claw yabbie Tail muscle ng/g ww <LOR <LOR 0.40 0.14 0.43 0.22 <LOR 0.16 2.50 3.50 0.19 <LOR <LOR

RCU3-1-Y Red claw yabbie Tail muscle ng/g ww <LOR <LOR 1.41 0.27 0.41 0.86 <LOR 0.36 13.00 15.00 0.24 <LOR <LOR

RCU3-2-Y Red claw yabbie Tail muscle ng/g ww <LOR 0.28 1.69 0.31 0.63 1.40 0.19 0.47 8.72 13.65 0.22 0.30 <LOR

Fright Point samples (FP)

Site/Sample ID Sample type Tissue Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

FP1-1-P Periwinkle All soft tissue ng/g ww 0.28 <LOR <LOR <LOR 0.11 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP1-2-P Periwinkle All soft tissue ng/g ww 0.43 <LOR <LOR <LOR 0.10 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP2-1-P Periwinkle All soft tissue ng/g ww 0.21 <LOR <LOR <LOR 0.06 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP2-2-P Periwinkle All soft tissue ng/g ww 0.25 <LOR <LOR <LOR 0.09 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP3-1-P Periwinkle All soft tissue ng/g ww 0.58 <LOR <LOR <LOR 0.11 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP3-2-P Periwinkle All soft tissue ng/g ww 0.34 <LOR <LOR <LOR 0.12 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP2-1-LB Long Bum All soft tissue ng/g ww 0.11 <LOR <LOR <LOR 0.15 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP2-2-LB Long Bum All soft tissue ng/g ww <LOR <LOR <LOR <LOR 0.24 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP3-1-LB Long Bum All soft tissue ng/g ww <LOR <LOR <LOR 0.22 0.73 0.37 <LOR <LOR <LOR 0.08 <LOR <LOR <LOR

FP3-2-LB Long Bum All soft tissue ng/g ww 0.13 <LOR <LOR 0.17 0.42 0.20 <LOR <LOR <LOR 0.06 <LOR <LOR <LOR

FP-Cockles Cockles All soft tissue ng/g ww 0.54 <LOR <LOR 0.03 0.06 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP3-1-MM Mud mussels All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP3-2-MM Mud mussels All soft tissue ng/g ww 0.16 <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP1-1-OY Oysters All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

FP1-2-OY Oysters All soft tissue ng/g ww <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR <LOR

Milners Creek (MC) samples - additional samples 

Site/Sample ID Sample type* Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

MC-Redclaw 1 Red claw yabbie Tail muscle ng/g ww <LOR <LOR <LOR 0.07 0.14 <LOR <LOR <LOR 0.19 1.30 <LOR <LOR <LOR

MC-Redclaw 2 Red claw yabbie Tail muscle ng/g ww <LOR <LOR <LOR 0.08 0.15 <LOR <LOR <LOR 0.31 1.50 <LOR 0.21 <LOR

Limit of Reporting (LOR) 0.10 0.07 0.06 0.03 0.04 0.05 0.02 0.09 0.09 0.04 0.07 0.05 0.07

Notes: ww: wet weight; dw: dry weight; *: extra samples for method validation
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Appendix 3: Analytical results - Sediment 

 

Ludmilla Creek Lower samples (LCL)

Site/Sample ID Sample type Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

LCL-1-Sed Sediment ng/g dw 0.12 <LOR <LOR <LOR 0.05 <LOR 0.02 <LOR <LOR 0.26 <LOR 0.45 <LOR

LCL-2-Sed Sediment ng/g dw 0.19 <LOR <LOR 0.03 0.15 <LOR 0.04 <LOR <LOR 1.60 <LOR 0.54 <LOR

LCL-3-Sed Sediment ng/g dw 0.29 <LOR <LOR <LOR 0.13 <LOR 0.03 <LOR <LOR 2.00 <LOR 0.08 <LOR

Ludmilla Creek Upper samples (LCU)

Site/Sample ID Sample type Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

LCU-1-Sed Sediment ng/g dw 0.18 <LOR <LOR <LOR 0.07 <LOR 0.02 <LOR <LOR 0.94 <LOR <LOR <LOR

LCU-2-Sed Sediment ng/g dw 0.21 <LOR <LOR <LOR 0.07 <LOR 0.02 <LOR <LOR 0.78 <LOR <LOR <LOR

LCU-3-Sed Sediment ng/g dw 0.42 <LOR 0.21 0.07 0.46 0.09 0.10 <LOR 1.10 28.00 0.09 <LOR <LOR

Rapid Creek Lower samples (RCL)

Site/Sample ID Sample type Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

RCL-1-Sed Sediment ng/g dw <LOR <LOR <LOR <LOR 0.08 <LOR 0.02 <LOR <LOR 0.41 <LOR 0.44 <LOR

RCL-2-Sed Sediment ng/g dw 0.33 0.31 0.65 0.23 0.84 1.10 0.28 0.09 1.80 20.00 0.19 0.30 <LOR

RCL-3-Sed Sediment ng/g dw <LOR 0.08 0.09 <LOR 0.14 0.10 0.03 <LOR 0.52 3.30 0.11 0.09 <LOR

Rapid Creek Upper samples (RCU)

Site/Sample ID Sample type Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

RCU-1-Sed Sediment ng/g dw <LOR <LOR <LOR <LOR 0.05 <LOR <LOR <LOR 0.24 1.70 <LOR <LOR <LOR

RCU-2-Sed Sediment ng/g dw <LOR <LOR 0.11 <LOR 0.09 <LOR <LOR <LOR 0.70 5.80 <LOR <LOR <LOR

RCU-3-Sed Sediment ng/g dw 0.14 0.08 0.26 0.06 0.18 0.20 <LOR <LOR 0.22 4.40 <LOR <LOR <LOR

Fright Point samples (FP)

Site/Sample ID Sample type Unit PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFBS PFHxS PFOS PFUnDA PFDoDA PFDS

FP-1-Sed Sediment ng/g dw <LOR <LOR <LOR <LOR 0.04 <LOR <LOR <LOR <LOR 0.09 <LOR <LOR <LOR

FP-2-Sed Sediment ng/g dw <LOR <LOR <LOR <LOR 0.05 <LOR <LOR <LOR <LOR 0.10 <LOR <LOR <LOR

FP-3-Sed Sediment ng/g dw <LOR <LOR <LOR <LOR 0.04 <LOR <LOR <LOR <LOR 0.04 <LOR <LOR <LOR

Limit of Reporting (LOR) 0.10 0.07 0.06 0.03 0.04 0.05 0.02 0.09 0.09 0.04 0.07 0.05 0.07

Notes: ww: wet weight; dw: dry weight


