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Highlights 

 Grab samples were collected in the Brisbane River system following major flooding.  

 The first data for a range of PFASs was determined for the Brisbane River system. 

 We estimate the contribution of flooded urban areas to the loads of PFOA and PFOS. 

 Flooded urban areas are important contributors of PFASs into the surrounding 

environment. 

Abstract 

Perfluorinated chemicals including PFOA and PFOS have been widely used in consumer 

products and have become ubiquitous pollutants widely distributed in the aqueous 

environment. Following a major flood event in 2011, water samples were collected along a 

spatial gradient of the Brisbane River system to provide an initial estimate of the release of 

PFASs from flooded urban areas. PFOA (mean concentrations 0.13 – 6.1 ng L
-1

) and PFOS 

(mean concentrations 0.18 – 15 ng L
-1

) were the most frequently detected and abundant 

PFASs. Mean total PFASs concentrations increased from 0.83 ng L
-1

 at the upstream 

Wivenhoe Dam to 40 ng L
-1

 at Oxley Creek, representing an urban catchment.  Total masses 

of PFOA and PFOS delivered into Moreton Bay from January to March were estimated to be 

5.6 kg and 12 kg respectively. From this study, urban floodwaters appear to be a previously 

overlooked source of PFASs into the surrounding environment.     

 

Introduction 

Perfluorinated chemicals or perfluoroalkyl substances (herein referred to as PFASs) are 

ubiquitous pollutants detected globally in a wide range of environmental samples including 

aquatic and terrestrial biota, humans, air and household dust, with perfluorooctanoate (PFOA) 
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and perfluorooctanoate sulphonate (PFOS) the most commonly detected, well-known and 

best studied (Giesy and Kannan, 2002; Gewurtz et al. 2009; Butt et al.2010; Thompson et al. 

2011; Zhang et al. 2011). The strong carbon-fluorine bonds in these compounds make them 

very resistant to degradation processes (Remde and Debus, 1996; Key et al, 1998; Liou et al, 

2010) and as a result, they have the potential to bioaccumulate in the food web (Giesy and 

Kannan, 2001; Aherns et al. 2010a). The unique physicochemical properties of PFASs (being 

chemically inert, able to withstand high temperatures and excellent surfactants) have been 

exploited particularly for use in waterproofing and stain resistant formulations which have 

been applied to a wide range of consumer products such as carpet, paper, textiles, non-stick 

cookware, sports and wet weather clothing (Kissa, 2001; Schultz et al. 2003; Carloni, 2009). 

The sources of PFASs into the environment are numerous and can be a result of point 

(wastewater treatment plants (WWTP) or landfill leachate) and non-point (surface runoff) 

releases or through the degradation of other perfluorinated precursors (Ma et al. 2010; Busch 

et al. 2010; Sun et al. 2011).  

 

Evidence of the global ubiquity, persistence and potential toxicity of these chemicals, 

prompted the voluntary phase out of PFOS production by the 3M Company, a major global 

producer, in the year 2000 and its inclusion onto the Stockholm Convention for Persistent 

Organic Pollutants (POPs) in 2009 (OECD, 2002; UNEP, 2009). Although the use of 

fluorochemical products containing PFOA and PFOS has been abandoned in consumer 

products, they continue to be produced for restricted use in several countries, primarily in 

industrial processes (such as semiconductors and metal plating) for which suitable 

replacements have not yet been found (Carloni, 2009; Lim et al. 2011; Xie et al. 2013). 

Despite the phase out of PFOS from all non-essential uses in consumer products over a 

decade ago, it is likely that many Australian households still contain older items (such as 

carpets and furniture) that were once treated with a fluorochemical formulation containing 

numerous PFASs including PFOS. Whilst the focus is now on developing products that 

contain perfluorinated alternatives to PFOA and PFOS (such as shorter chain-length PFASs 

which still retain the properties of PFOS and PFOA but without the bioaccumulation 

potential), understanding the environmental fate and toxicity of these alternative compounds 

is still ongoing (US EPA, 2012).  

 

Flooding is a common natural phenomena, occurring seasonally particularly in North 

Queensland, having both benefits and harmful effects on the environment. However, as cities 
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and human activities continue to grow in flood-prone areas, the impact of floods to the 

natural environment is becoming increasingly negative. Floodwaters are well known to carry 

loads of nutrients, pesticides and sediment over vast distances (Brodie et al. 2012; Kroon et 

al. 2012), however the composition of other pollutants carried by urban floodwaters has not 

been well characterised.  

 

In January 2011, severe flooding occurred in urban areas of the city of Brisbane with an inner 

city population of approximately 1.1 million (ABS, 2012a). Dam releases combined with 

heavy rain in the upper Brisbane River catchment resulted in flood water travelling down the 

Brisbane River into urban areas containing tens of thousands of households and businesses, 

eventually discharging into the coastal bay area of Moreton Bay (Figure S1). Low-lying 

properties began to flood on the 11
th

 of January 2011, with flood waters peaking on the 13
th

 

of January, resulting in approximately 23 000 flooded properties (BCC, 2011). Over the 

month of January, 36% of the volume of Moreton Bay was discharged from the Brisbane 

River, with the discharge volume 18 times greater than the long-term January mean discharge 

of 197 GL (data obtained from DERM, 2013). The resulting flood plume covered an area of 

approximately 400 km
2
 in Moreton Bay (Yu, 2011) and approximately 1, 040,000 tonnes of 

sediment was deposited (Steven et al. 2012). In addition, nine out of Southeast Queensland’s 

28 WWTPs were affected by the flooding, resulting in critical failures of treatment systems 

and the discharge of untreated sewage through overflow relief structures into floodwaters 

(QFCI, 2012). Floodwaters persisted in some urban areas for up to a week following the peak 

of the flooding. 

 

The contamination of river and coastal waters in association with urban areas with PFASs has 

been studied worldwide (Loos et al. 2008; Nguyen et al. 2011; Thompson et al. 2011; Sun et 

al. 2011, Sakurai et al. 2010) however, to our knowledge, no data is available on the role of 

major floods on PFASs input into the environment. Flooding of urban areas has likely been 

overlooked as a significant source of PFASs released into the environment. 

 

With PFASs being associated with many consumer products commonly used in homes and 

businesses, the aim of this study was to investigate the impact of urban floodwaters on the 

concentrations of PFASs in the Brisbane River and coastal bay system. Water samples were 

collected along a spatial gradient from the upper Brisbane River catchment to the marine 

environment to provide an initial estimate of the release of PFASs from urban areas during 
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the flood. Samples were collected from (a) the origin of Brisbane River (i.e. Wivenhoe and 

Somerset Dams), (b) the Brisbane River, (c) Oxley Creek (a tributary of the Brisbane River 

and (d) Moreton Bay (which receives the water discharged from the Brisbane River). By 

monitoring upstream and downstream of intensive urban areas, the contribution of these areas 

to the amounts of PFASs entering the environment may be estimated for the first time. 

 

Materials and Methods 

Sampling sites  

Sampling sites were located from the two water reservoirs along a transect from the fresh 

water to estuarine area of the Brisbane River and extending up to a further 15 km from the 

River mouth out into Moreton Bay (Table S1). The locations of the ten grab water sampling 

sites are detailed in Figure 1. 

 

The Brisbane River is the longest in Southeast Queensland, stretching approximately 344 km 

in length. Approximately 150 km upstream from the Brisbane River mouth, the river is 

dammed by Wivenhoe Dam (Site D2), with a total storage capacity of 2.6 million ML and 

catchment area of 7020 km
2
 (SEQWater, 2013a).  Wivenhoe Dam was designed primarily to 

provide a reliable water supply for the city of Brisbane as well as flood mitigation. Somerset 

Dam (Site D1) is located on the nearby Stanley River, with a total storage capacity of 380 

000 ML and catchment area of 1340 km
2
 (SEQWater, 2013b). Somerset Dam is released into 

Lake Wivenhoe and also supplements Brisbane drinking water supplies.  

 

Three sites (R1, R2, R3; Jindalee, Orleigh Park, Bulimba) are located on the Brisbane River 

between 50 - 14 km upstream of the river mouth respectively. Population densities of the 

three suburbs in 2011 were 2053, 4259 and 3050 persons per km
2
 respectively with West End 

(Orleigh Park) one of the most densely populated areas in Brisbane city (ABS, 2012b). One 

site was located in Oxley Creek (Site C), a major tributary of the Brisbane River located 

approximately 38 km upstream of the river mouth. A more intensive sample collection 

program (samples collected at both high and low tide) was undertaken at Oxley Creek for 

four months following the flood, as prolonged sampling would give an indication of the 

recovery of a seriously flood-affected catchment over time. Oxley Creek is approximately 70 

km long and the Oxley Creek catchment is one of Brisbane City’s largest, covering an area of 

over 260 km
2
. This low-lying catchment (which contains a WWTP, general industry and 

areas of low to medium density housing) experienced some of the most devastating  flooding, 
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with the Oxley flood plain covering approximately 15 km
2
 (Figure S2). Four sites (B1 – B4) 

were located in Moreton Bay, extending between 6 to 15 km from the river mouth. 

 

Grab sample collection 

1L water samples were collected using a solvent-rinsed stainless steel bucket at an 

approximate depth of 1 to 2 metres. High density polyethylene (HDPE) bottles were rinsed 

with analytical grade acetone and again with water collected at the site prior to collection. 

The steel bucket was rinsed with site water at each location prior to sample collection. 

Collected water samples were stored frozen in HDPE bottles prior to extraction. A total of 42 

grab samples were collected from the 10 sampling locations between the 22
nd

 of January and 

the 21
st
 April 2011. Dangerous river conditions prevented samples being collected at any 

earlier dates following the peak of flooding. Nine time points also had replicate grab samples 

collected.  

 

Grab sample extraction 

 PFASs investigated in this work were perfluorohexanoate (PFHxA), perfluoroheptanoate 

(PFHpA), perfluorooctanoate (PFOA), perfluorononanoate (PFNA) and perfluorodecanoate 

(PFDA), perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHxS), 

perfluorooctanesulfonate (PFOS) and 6:2 fluorotelomer sulfonate (6:2 FTSA).  

 

Methanol (HPLC grade) and ammonia solution (HPLC grade; 32 % w/w) were purchased 

from Merck (Darmstadt, Germany). Ultrapure water (Millipore, 0.22 μm filtered, 18.2 mΩ 

cm
-1

) was used in sample extraction and chemical analysis. Mobile phases were filtered using 

Phenex 0.20 μm 47 mm nylon filter membranes (Lane Cove, Australia). All laboratory 

glassware and equipment was rinsed with analytical grade acetone followed by methanol 

(HPLC grade) prior to use. Internal standards were added to all water samples prior to 

extraction (50 µL; 0.08 ng µL
-1

), consisting of mass labelled perfluoro[1,2,3,4-
13

C4]butanoic 

acid,  perfluoro[1,2-
13

C2]hexanoic acid, perfluoro[1,2,3,4-
13

C4]octanoic acid, 

perfluoro[1,2,3,4,5-
13

C5]nonanoic acid, perfluoro[1,2-
13

C2]decanoic acid, perfluoro[1,2-

13
C2]undecanoic acid, perfluoro[1,2-

13
C2]dodecanoic acid, sodium perfluoro-1-

hexane[
14

O2]sulfonate, sodium perfluoro-1-[1,2,3,4-
13

C4]octanesulfonate (mixture MPFAC 

MXA, Wellington Laboratories). A number of the target analytes had no corresponding 

internal standard, and so these were quantified using the mass-labelled compound closest in 

terms of functional group and size. A 
13

C-labelled instrument performance internal standard 
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perfluoro[
13

C8]octanoic acid (M8PFOA) was purchased from Wellington Laboratories 

(Guelph, Ontario, Canada). A seven-point calibration curve (0.5, 1, 5, 10, 25, 50 and 100ppb) 

was used to quantify PFASs. 

 

Grab samples from the two dams, Brisbane River and Oxley Creek were filtered using glass 

filter papers (GF/A, Whatman). All samples were extracted on a solid phases extraction 

(SPE) manifold using 100 mg Strata™ weak anion exchange (X-AW) SPE cartridges 

(Phenomenex) using methods previously described (Taniyasu et al. 2005; Thompson et al. 

2011).  The extract was made up to a final volume of 1 mL (1:1 methanol:water) for LC-

MS/MS analysis. The instrument performance standard (M8PFOA) was spiked into each vial 

just prior to analysis.  

 

The extracts were analysed by LC-MS/MS, using a Nexera HPLC (Shimadzu Corp., Kyoto 

Japan) coupled to an AB/Sciex 5500Q mass spectrometer (ABSciex, Concord, Ontario, Ca). 

The target PFASs were separated using a 2.6 micron 50 x 2.0 mm Kinetex C18 column 

(Phenomenex) by gradient elution on the HPLC (A and B mobile phase 10% and 90% 

methanol respectively, with 5 mM ammonium acetate). The mass spectrometer operated in 

negative ESI mode using scheduled multiple reaction monitoring (SMRM). Identification and 

confirmation were achieved using retention time and by comparing MRM transition intensity 

ratios between the sample and an appropriate concentration standard from the same run. High 

purity solvents were purchased from Merck (Darmstradt, Germany).  

 

QAQC 

Instrumental detection limits (IDL) were set for each batch of samples according the 

concentration of the lowest standard with a signal to noise ratio >3, plus three standard 

deviations from seven injections of this standard. Limits of quantitation (LOQ) were set at ten 

times the IDL. The resulting LOQs ranged from 0.03 – 0.13 ng L
-1

 (Table S2). Procedural 

blanks (MilliQ water) were extracted with each batch of samples. Four PFASs (PFHpA, 

PFBS, PFOS and 6:2 FTSA) were detected in at least one of the blank samples, averaging out 

to low concentrations (0.004 – 0.65 ng L
-1

) (Table S2). PFASs concentrations detected in the 

blank samples were subtracted from the results of the grab samples, according to the batches 

they were extracted in. Results were only reported if they exceeded three times the blank 

level prior to blank subtraction. Results for 6:2 FTSA and PFBS were not reported (with the 

exception of PFBS at Oxley Creek and Brisbane River site) due to relatively high blank 
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levels, compared to levels detected in samples. Recoveries of labelled internal standards in 

the blank samples ranged between 89 – 97 % with mean recoveries for 
13

C-PFOA and 
13

C-

PFOS of 97% and 94% respectively (Table S2). 

 

The reproducibility of the combination of sampling and analysis was assessed through 

analysis of replicate samples collected from four sites covering the entire width of the 

sampling (i.e. Dam 1, Dam 2, Creek, Bay). The mean CV % for the PFASs that were 

detectable in the replicates from these locations were 68, 24, 9.6 and 18 % respectively, 

where the lower reproducibility reflects concentrations closer to the LOQ (see Table S3). For 

PFOA which was found at all sites, the CV % ranged between 3.9 % (Creek) – 56 % (Dam 

1). PFOS was not found above blank levels in all replicates, however in replicates where it 

was detected in both samples, CV % ranged from 8.6 – 21 %. Despite the range of CVs%, all 

data has been reported, however due to the lower reproducibility, the data from D1 should be 

interpreted with caution.  

 

Estimation of PFOA and PFOS masses delivered into Moreton Bay 

To evaluate the loads of PFOA and PFOS carried by the Brisbane River during the flooding, 

the daily load (g) was estimated based on the average concentration of PFOA and PFOS in 

river water samples (collected from sites R1, R2 and R3 and Oxley Creek at high tide) and 

the daily discharge of the Brisbane River (gauge located between site D2 and R1) (ML d
-1

) 

(see eq 1).  Daily river discharge data was obtained from Department of Environment and 

Resource Management (DERM) Streamflow Monitoring Network. 

 

            Daily Mass flow =  meanCw x D                 Equation 1 

      

Where meanCw is the average water concentration of grab samples (ng L
-1

) and D is the daily 

discharge of the Brisbane River (ML d
-1

). 

 

Furthermore, to estimate the masses (g) of PFOA and PFOS present in the water in Moreton 

Bay following the flooding, it was assumed that PFASs were distributed uniformly 

throughout the bay. The concentration of all four sites for PFOA and PFOS was averaged (ng 

L
-1

) for each sampling day. The volume of Moreton Bay was estimated to be 10 350 GL, 

based on an average depth of 6.8 m and surface area of 1523 km
2
 (EHMP, 2007). The mass 

in the bay was estimated using equation 2, 
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Estimated mass =  meanCw x V      Equation 2 

 

Where meanCw is the mean of all bay sites on a particular sampling day and V is the volume 

of the bay. 

 

Results 

PFASs concentrations 

A total of eight PFASs were detected in the grab samples (Table 1). The mean PFASs 

composition profiles of samples collected at each site is presented in the Supplementary 

Materials (Figure S3).  

 

PFASs concentrations in the samples collected from both dams were relatively low (Table 1), 

with PFOA consistently detectable but at concentrations typically lower than 1 ng L
-1

 (mean 

concentrations of 0.45 and 0.31 ng L
-1

). Other PFASs that were detected but at concentrations 

<1 ng L
-1

, included PFHxA at both dams, and PFOS (mean concentration 0.18 ng L
-1

) at 

Wivenhoe Dam. Mean total PFASs concentrations were 0.95 and 0.83 ng L
-1

 at Somerset 

Dam and Wivenhoe Dam respectively. 

 

Eight PFASs were detected in samples collected at both high and low tide at Oxley Creek 

(Site C) (Table 1). The highest concentrations of total PFASs in the study were detected at 

this location, reaching a maximum of 77 ng L
-1

 in one sample. Total concentrations of PFASs 

were typically higher at low tide (ranging from 24 to 77 ng L
-1

)
 
than at high tide (6.5 to 18 ng 

L
-1

). Regardless of the tide, PFOS, PFHxS, and PFOA were the most abundant PFASs 

detected, with mean concentrations at low tide of 15, 10 and 6.1 ng L
-1 

respectively.  

 

Seven PFASs were detected in samples collected at three Brisbane River locations (Jindalee, 

Orleigh Park and Bulimba) (Table 1). Concentrations of individual PFASs were similar 

between the three sites with the exception of PFBS at Orleigh Park, which was detected at 30 

ng L
-1

, 50 – 100 times higher than the other two river sites. With the exception of PFBS, and 

similarly to Oxley Creek, PFOS was the most abundant PFAS detected in the River, followed 

by PFHxS and PFOA with mean concentrations of the three sites being 4.1, 2.6 and 1.3 ng L
-1

 

respectively. 
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Five PFASs were detected in samples collected at the four Moreton Bay sites (Table 1). 

Three PFASs (PFHxA, PFOA and PFHxS) were detected in all samples collected at all four 

sites. PFOA and PFOS were both frequently detected with mean concentrations ranging from 

0.13 – 0.63 ng L
-1 

and 0.64 - 2.3 ng L
-1

respectively. The mean concentrations of all five 

PFASs were highest at site B1, which was located closest to the River mouth. Total PFASs 

concentrations in Moreton Bay ranged from 1.0 (Site B3) – 4.8 ng L
-1 

(site B1). 

 

Temporal trends in total PFASs concentration were assessed at the two dams, Oxley Creek 

and the four Moreton Bay sites for up to three months following the floods (until April 2011) 

(Figure 2). The PFC profile of all sites remained similar over the duration of sampling, 

dominated by PFOS, PFOA and PFHxS. Total PFASs concentrations at the two dams did not 

vary significantly over the two time points. Total PFASs concentrations at Oxley Creek also 

remained relatively stable (within a factor of 3) over the three months in samples collected at 

both high and low tide, with no significant decrease in total PFASs concentration from 

January to April. In Moreton Bay, mean total PFASs concentrations were the highest at B1 

(4.8 ng L
-1

), located closest to the River mouth.  Total PFASs concentrations at B1, B2 and 

B4 decreased from January to February sample collection, however an increase was observed 

again between the February and March sample collection at Sites B1, B2 and B4.  

 

The daily loads of PFOA and PFOS were estimated from samples collected from the 

Brisbane River (R1, R2, R3) and Oxley Creek (high tide) from January to March (Table 2). 

The Oxley Creek sampling site is located approximately 650 m upstream from where the 

creek and the River join. At high tide the creek is well flushed with river water and thus we 

concluded that it was appropriate to use to these samples to calculate river loads. Daily loads 

of PFOA and PFOS carried in the Brisbane River over the monitoring period ranged from 55 

- 2.9 g d
-1

 and 137 – 8.9 g d
-1

 respectively, with the highest daily load calculated for the day 

most closely following the peak of flooding on 22 January. 

 

Based on the total discharge of the river and the mean concentrations measured in the river 

and creek, the total loads of PFOA and PFOS delivered from the Brisbane River into Moreton 

Bay were estimated (Table 3) over the three sampling periods. As expected the period closely 

following the peak of the flooding (13– 27 January) had the greatest loads of PFOA (3.8 kg) 

and PFOS (9.4 kg), due to the substantial river discharge in that period. In total, an estimated 

5.6 kg and 12 kg of PFOA and PFOS respectively, were delivered into the bay over the two-
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month period following the peak of flooding. The estimated mass of PFOA and PFOS present 

in Moreton Bay was based on the mean concentration of samples collected at the four bay 

sites, and the total volume of Moreton Bay (Table 3). The total masses of PFOA and PFOS in 

the bay for the same periods ranged between 2.8 – 3.7 kg to 11 – 17 kg respectively.  

 

Discussion 

Four major rivers discharge into the Moreton Bay area (South Pine River, Caboolture River, 

Logan River and the Brisbane River). Given the discharge of the Brisbane River was 

approximately 36 % of the volume of Moreton Bay over the month of January, and the 

combined discharges of the remaining three rivers was < 3 % (DERM, 2013), it was 

reasonable to assume that the Brisbane River was the major source of PFASs in Moreton 

Bay. 

 

A significant decrease in the mass of PFASs delivered was expected between the January and 

February sampling due to the significant (i.e. 100–fold) decrease in river discharge. Despite 

this decrease in river discharge in the months following the flooding, total concentrations of 

PFASs remained relatively stable in Moreton Bay (within a factor of 5), highlighting the 

persistent nature of these chemicals, the extended residence time of waters within the Bay 

area (110 – 120 days) (Dennison et al. 1999) and the potential of prolonged exposure of 

marine plants and animals to flood-borne pollutants.  

 

An increase in both the mass delivered and total concentrations of PFASs in Moreton Bay 

(Table 3) occurred between the February and March sampling. A Queensland Government 

decision to release further water from Wivenhoe Dam between the 18
th

 February to 3
rd

 March 

2011 saw a further 25 % of the dam’s capacity emptied into the Brisbane River, coinciding 

with the increased concentration of PFASs detected in grab samples collected on the 14
th

 of 

March in Oxley Creek and on the 18
th

 of March in Moreton Bay. Despite no further flooding 

of urban areas during this release, our interpretation of the observed increase is that the 

release from the dam may have had the effect of purging water that was sitting in the river 

system upstream.  

 

The relative proportions of PFASs can be useful in distinguishing differing sources of PFASs 

between sampling locations (Nguyen et al.2011; Simcik et al. 2005; Murakami  et al. 2009) 

and evaluating changes in concentration (eliminating the dilution effect due to increased 
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water volume). As the floodwaters engulfed many potential sources of PFASs simultaneously 

(flooded warehouses, factories, landfill sites, households, WWTPs etc) it was not possible to 

characterise distinct sources of PFASs contamination along the Brisbane River. Surface run-

off and waste water treatment plants have been identified as major sources of PFASs in urban 

areas (Murakami et al.2009) with perfluroalkyl sulfonates typically associated with road 

runoff and street dust.  Rainfall has also been identified as a source of PFASs with PFOA 

identified as a major constituent (Kim et al. 2007; Murakami et al. 2009; Nguyen et al. 2011). 

Torrential rainfall in excess of 300 mm was recorded at Wivenhoe Dam(D2)  (BOM, 2013) in 

the days leading up to the peak of flooding which may have contributed to the relatively high 

proportion of PFOA (37%) detected there (Figure S3).  

A comparison of PFOA and PFOS concentrations from selected international coastal and 

river locations are presented in Table 4. In the present study, PFOA and PFOS concentrations 

in the river and creek sites within urban areas (R1-3 and C) ranged between 0.92 – 11 ng L
-1 

and <LOQ – 34 ng L
-1

, respectively. These concentrations were typically below the range 

detected in the tributaries of a catchment in Singapore (Table 4) which has a population 

comparable to Brisbane of approximately 1 million people (Nguyen et al. 2011). The Hun 

River in China detected PFOA (maximum 9.1 ng L
-1

)
 
in similar levels to the current study 

(Sun et al. 2011) as did the three European rivers (maximum mean PFOA and PFOS 

concentrations of 20 and 8 ng L
-1

 respectively. The maximum levels of PFOA and PFOS 

detected in various rivers of Japan were well above those detected in the current study (456 

and 191 ng L
-1 

respectively). Concentrations of PFOA and PFOS detected in the Parramatta 

River, Australia were similar (maximums of 6.4 and 21 ng L
-1

) to those detected in the 

current study despite the population being approximately four times the size of Brisbane 

(Thompson et al. 2011).  

Mean concentrations of PFOA and PFOS in Moreton Bay were 0.13 – 0.63 and 0.64 – 2.3 ng 

L
-1

 respectively. These levels were typically well below the maximum concentrations 

measured in water samples collected in coastal areas in proximity to urban areas in South 

Korea (PFOA and PFOS; 320 and 730 ng L
-1

) , China (16 and 12 ng L
-1

), Hong Kong (5.5 

and 3.1 ng L
-1

)  and Japan (192 and 25 ng L
-1

) (Table 4). In many cases in the literature, 

PFOA concentrations exceeded those of PFOS, which is in contrast to the observed 

concentrations in Moreton Bay. The increase in the amount of PFOS relative to PFOA 

measured in Moreton Bay is likely attributed to the release of PFOS from households, 
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businesses and WWTPs, whereas none of the locations in the literature were subject to urban 

flooding at the time of sampling. Systematic sampling of rivers upstream and downstream of 

urban areas also found similar patterns of increases in PFASs concentrations as those 

presented in the current study (Saito et al. 2003; So et al. 2004). While these systems were 

not under flooding conditions at the time of sampling, the contribution of urban activities to 

PFASs is evident with likely sources being WWTP, surface runoff and industrial discharge.  

 

Sediment is an important sink of persistent organic pollutants, including PFASs. It has been 

previously demonstrated that longer chain perfluroalkyl carboxylates (C ≥ 7), and 

perfluroalkyl sulfonates are more likely to sorb to particulate matter present in the water than 

perfluroalkyl carboxylates of the same chain length (Aherns et al. 2010b). Both PFOA and 

PFOS have been found as the dominant PFASs detected in urban-influenced river sediment 

worldwide from sub-ng g
-1

 up to a few ng g
-1

concentrations, including up to 6.2 ng g
-1

 in 

Sydney, Australia (Becker et al. 2008; Sakurai et al. 2010; Bao et al. 2010; Aherns et al. 

2010b; Thompson et al. 2011). Although approximately 97 % of PFASs remain in the 

dissolved phase (Aherns 2010b), given that 1,040,000 tonnes of sediment was flushed into 

Moreton Bay over the course of the flooding it is likely that the total loads of certain PFASs 

in addition to other pollutants sorbed to particulate matter deposited into Moreton Bay during 

this flood event, may still be underestimated.  

 

Following the phase out of PFOS production by 3M, China became the world’s major PFOS 

producer, with production dramatically increasing to meet demand for PFOS used in 

industries that lacked other suitable alternatives (Lim et al, 2011; Xie et al, 2013). Between 

2003 and 2008, China was also the largest PFOS consumer with an estimated 200 tonnes of 

PFOS consumed domestically, reportedly widely used in metal plating, fire-fighting foams, 

semiconductors, pesticides, textiles, leather products, papers, cleaning products and hydraulic 

fluids (Xie et al. 2013). During this time another 100 tonnes was exported to various 

countries including Japan and the EU with the metal plating, photographic and semiconductor 

industries accounting for most of the imported PFOS use (Carloni, 2009).  In comparison, in 

2008, Australia’s use of PFOS was largely limited to the metal plating industry (99 %) as 

mist suppressants (NICNAS, 2009), with only 1.35 tonnes of PFOS (technical grade and in 

products) estimated to have been imported in 2007 (Carloni, 2009). Australia’s consumption 

of PFOS and other perfluorinated chemicals has been relatively low in comparison with many 

countries however, an unknown quantity of products containing perfluorinated chemicals is 
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likely to have been imported. Whilst the contamination of the Australian environment is 

unlikely to reach the scale seen in many PFOS-producing and consuming countries, the lack 

of Australian monitoring data makes an assessment of PFASs contamination in Australian 

surface waters and wildlife difficult. 

 

Conclusions 

PFASs levels in the Brisbane River system were investigated following a major urban flood 

event. Grab water samples were collected along a spatial gradient from the origin of the River 

(i.e. two dams) to the coastal bay, into which the Brisbane River discharges. Eight PFASs 

were detected in this study with PFOA and PFOS the dominant PFASs detected most 

frequently. Total concentrations of PFASs were observed to increase after passing through 

areas of increased population density and urban development, indicating that cities are 

important contributors of PFASs. The amount of PFOS relative to other PFASs was higher in 

samples collected in close proximity to urban areas, which is in contrast to river and marine 

samples collected in the absence of flood conditions, indicating flooded properties are a 

potential source of PFOS once associated with consumer products. 

 

This study provides an initial estimate of the contribution of the urban areas of Brisbane to 

PFASs levels in the River system following a major flood event. With the phase out of 

products containing PFOA and PFOS, it would be expected that environmental levels of these 

chemicals would diminish over time, but conversely the emergence of PFOA and PFOS 

alternatives may be observed. Further investigation is needed to gain a comprehensive 

understanding of the distribution of PFASs in Australian rivers and coastal areas. 
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