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S1. Materials and Methods 

S1.1. Standards and reagents 

EnviCarb cartridges (500 mg, 6 mL) were provided from Sigma-Aldrich (St. Louis, MO, USA) 

and Oasis WAX cartridges (500 mg, 6 mL) from Waters (Milford, MA, USA). 

Other chemicals used as Ammonium acetate, ammonium hydroxide, sodium acetate, acetic acid, 

methanol, acetonitrile were purchased from Scharlau (Barcelona, Spain). 

S1.2. Chemical analysis 

Water samples (2 L) filtered by glass fiber filters and spiked with MPFAC-MXA, N-d3-

MeFOSA and N-d5-EtFOSA (Wellington Laboratories Inc.,Guelph, Canada) were extracted 

with Oasis WAX preconditioned with 12 mL of 0.1% ammonium hydroxide in methanol and 12 

mL of Milli-Q water. After sample loading, the cartridges were rinsed with 12 mL of 25 mM 

sodium acetate buffer (pH 4). After drying, the analytes were eluted with 8 mL of 0.1% 

ammonium hydroxide in methanol and purified with EnviCarb cartridges. The final extracts 

were concentrated to 140 µL under a gentle nitrogen stream, reconstituted with 240 µL of 

methanol and 240 µL of 2 mM ammonium acetate in Milli-Q water and spiked with 13C9-PFNA 

solution (Wellington Laboratories Inc.,Guelph, Canada). A 20-μl aliquot of the extract was 

injected into an ACE C18-PFP (50 x 2.1 mm, 3 µm) analytical column on a Varian HPLC 212 

Liquid Chromatograph connected to a Varian 320 MS-TQ mass spectrometer. 

S1.3. Calculations and Statistical evaluation 

S1.2.1. Calculation of the environmental exposure assessment parameters 

The environmental risk in the aquatic ecosystem was conducted following the recommendations 

of the European Chemicals Bureau at Technical Guidance Document on Risk Assessment 

(European Commission, 2003) and recommendations of European Chemicals Agency at 

Guidance on information requirements and chemical safety assessment (ECHA, 2008, 2016a; 

2016b).  
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The predicted environmental concentrations (PEC) in surface water was calculated considering 

the maximum environmental concentration detected (MECwater), the weight fraction of organic 

carbon in suspended solids (Focsusp) and the partition coefficient organic carbon-water (Koc) (Di 

Toro et al., 1991; Von der Ohe et al., 2011; Du et al., 2013).  

PECwater=
MECwater

Focsusp × Koc + 1
 

PEC for the sediment compartment (PECsed) was derived from the concentration estimated in 

surface (PECwater), the suspended matter-water partitioning coefficient (Ksusp-water) and the bulk 

density of suspended matter (RHOsusp). 

PECsed=
Ksusp-water

RHOsusp
× PECwater × 1000 

The assessment of secondary poisoning via the aquatic food chain (PECoral,predator (Aq)) was 

estimated considering the concentration in water (PECwater), the bioconcentration factor (BCFfish) 

and biomagnification factor in fish (BMF).  

PECoral,  predator (Aq)= PECwater × BCFfish × BMF 

The predicted no effect concentration (PNEC) in water (PNECwater), sediment (PNECsediment) and 

for secondary poisoning of birds and mammals aquatic organisms (PNECoral) was obtained from 

laboratory toxicity tests (Table S10). In some cases, PNECsed was derived from PNECwater, Ksusp-

water and RHOsusp. 

PNECsed=
Ksusp-water

RHOsusp

× PNECwater × 1000 

The risk characterization for the surface waters was calculated by dividing the PEC by the 

PNEC for the single compounds. It is accepted that RCR values higher than 1 represent a 

significant risk while RCR values lower than 1 are considered negligible risks. 

RCR=
PEC

PNEC
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Table S1. Concentration of PFAAs (ng/L) in Tagus River in the different sampling points and campaigns. 

 

Location SC 
Sampling 

Date 
Season 

FR 

(m3/s) 
PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA ΣPFAAs 

P1 1 14/02/2013 Winter 3.3 <0.06 <0.03 1.76 <0.02 1.59 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 3.35 

P2 1 10/03/2013 Winter 19 <0.06 <0.03 20.38 <0.02 <0.10 <0.02 <0.05 8.24 0.70 1.25 <0.04 30.57 

P3 1 11/03/2013 Winter 56 1.64 1.95 12.34 <0.02 <0.10 <0.02 <0.05 4.97 0.62 0.88 <0.04 22.41 

P4 1 28/02/2013 Winter 193 <0.06 <0.03 0.91 <0.02 <0.10 <0.02 <0.05 0.67 <0.02 <0.01 <0.04 1.58 

P1 2 23/05/2013 Spring 3.3 <0.06 <0.03 <0.01 <0.02 <0.10 0.09 <0.05 <0.01 <0.02 <0.01 0.95 1.04 

P2 2 20/05/2013 Spring 7.7 1.07 9.37 12.26 5.30 <0.10 <0.02 2.44 8.93 1.09 2.22 <0.04 42.68 

P3 2 12/05/2013 Spring 26 1.53 6.70 18.21 <0.02 <0.10 <0.02 <0.05 5.77 0.68 0.90 <0.04 33.80 

P4 2 30/05/2013 Spring 149 0.37 0.90 1.87 2.69 <0.10 0.60 0.62 1.60 0.30 <0.01 <0.04 8.94 

P1 3 29/08/2013 Summer 1.1 <0.06 <0.03 <0.01 <0.02 <0.10 0.09 <0.05 <0.01 <0.02 <0.01 <0.04 0.09 

P2 3 27/08/2013 Summer 5.1 2.73 12.37 16.12 <0.02 <0.10 <0.02 1.86 9.37 1.33 <0.01 <0.04 43.78 

P3 3 26/08/2013 Summer 17 2.36 5.32 7.50 <0.02 2.41 2.61 1.26 6.53 0.39 <0.01 <0.04 28.39 

P4 3 21/08/2013 Summer 156 0.29 0.84 0.97 <0.02 0.31 1.11 0.61 1.27 <0.02 <0.01 <0.04 5.41 

P1 4 28/11/2013 Autumn 1.9 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 4 26/11/2013 Autumn 4.2 2.02 5.34 7.77 <0.02 1.71 4.26 1.23 4.17 0.54 <0.01 <0.04 27.05 

P3 4 25/11/2013 Autumn 29 1.16 11.46 15.97 <0.02 2.13 <0.02 2.01 5.79 1.61 2.07 0.65 42.85 

P4 4 20/11/2013 Autumn 474 <0.06 <0.03 3.08 <0.02 <0.10 1.28 <0.05 1.49 <0.02 0.05 <0.04 5.90 

P1 5 13/02/2014 Winter 18.4 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 5 11/02/2014 Winter 61 1.54 5.10 3.76 <0.02 <0.10 <0.02 <0.05 3.52 <0.02 <0.01 <0.04 13.92 
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P3 5 10/02/2014 Winter 141 <0.06 5.37 4.09 <0.02 <0.10 <0.02 <0.05 3.50 <0.02 <0.01 <0.04 12.96 

P4 5 27/02/2014 Winter 757 <0.06 <0.03 1.43 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 1.43 

P1 6 22/05/2014 Spring 2.5 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 6 18/05/2014 Spring 4.4 <0.06 <0.03 12.56 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 12.56 

P3 6 13/05/2014 Spring 23 <0.06 <0.03 8.60 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 8.60 

P4 6 29/05/2014 Spring 147 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P1 7 28/08/2014 Summer 1.3 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 7 27/08/2014 Summer 5.4 <0.06 <0.03 7.88 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 7.88 

P3 7 25/08/2014 Summer 20 2.21 7.58 7.05 <0.02 1.04 <0.02 <0.05 5.38 <0.02 <0.01 <0.04 23.25 

P4 7 21/08/2014 Summer 194 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P1 8 20/11/2014 Autumn 1.2 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 8 05/11/2014 Autumn 7.7 <0.06 <0.03 34.42 <0.02 <0.10 <0.02 <0.05 11.16 1.71 <0.01 <0.04 47.30 

P3 8 06/11/2014 Autumn 35 <0.06 6.64 17.76 <0.02 <0.10 <0.02 <0.05 8.83 1.44 <0.01 <0.04 34.68 

P4 8 27/11/2014 Autumn 52 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P1 9 26/02/2015 Winter 3.7 <0.06 <0.03 <0.01 <0.02 <0.10 0.10 <0.05 <0.01 <0.02 <0.01 <0.04 0.10 

P2 9 03/02/2015 Winter 28 1.88 <0.03 4.44 <0.02 <0.10 <0.02 <0.05 2.70 <0.02 <0.01 <0.04 9.02 

P3 9 05/02/2015 Winter 100 1.87 1.72 5.80 <0.02 <0.10 <0.02 1.05 2.32 <0.02 <0.01 <0.04 12.75 

P4 9 12/02/2015 Winter 176 <0.06 <0.03 1.72 <0.02 <0.10 1.12 <0.05 0.39 <0.02 <0.01 0.36 3.60 

P1 10 28/05/2015 Spring 0.5 <0.06 <0.03 1.62 <0.02 <0.10 0.88 <0.05 <0.01 <0.02 <0.01 <0.04 2.50 

P2 10 10/05/2015 Spring 6.9 <0.06 8.56 4.97 <0.02 <0.10 <0.02 1.58 3.22 0.51 <0.01 <0.04 18.84 

P3 10 13/05/2015 Spring 22 <0.06 6.44 5.33 <0.02 2.87 <0.02 2.68 5.22 0.52 <0.01 <0.04 23.07 

P4 10 07/05/2015 Spring 31 <0.06 0.94 1.59 <0.02 0.42 1.04 <0.05 1.14 <0.02 <0.01 <0.04 5.13 

P1 11 27/08/2015 Summer 1.2 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 
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P2 11 17/08/2015 Summer 4.6 3.80 <0.03 7.36 <0.02 2.12 <0.02 1.84 6.03 0.79 1.26 <0.04 23.19 

P3 11 06/08/2015 Summer 19 3.26 <0.03 7.38 <0.02 2.21 4.11 1.51 6.05 0.48 0.47 <0.04 25.48 

P4 11 18/08/2015 Summer 3.5 <0.06 <0.03 2.00 <0.02 0.79 1.35 <0.05 2.01 <0.02 0.19 <0.04 6.33 

P1 12 19/11/2015 Autumn 0.8 <0.06 <0.03 <0.01 <0.02 <0.10 0.07 <0.05 <0.01 <0.02 <0.01 <0.04 0.07 

P2 12 16/11/2015 Autumn 5.9 3.03 5.46 8.60 4.02 4.64 5.59 1.86 5.57 0.54 1.11 <0.04 40.41 

P3 12 22/11/2015 Autumn 29 1.75 5.10 6.51 <0.02 2.24 2.96 1.66 4.31 0.42 0.59 <0.04 25.54 

P4 12 25/11/2015 Autumn 122 0.63 0.58 1.48 <0.02 0.34 1.75 0.51 1.26 0.34 0.43 <0.04 7.31 

P1 13 25/02/2016 Winter 5.2 <0.06 <0.03 <0.01 <0.02 <0.10 0.07 <0.05 <0.01 <0.02 <0.01 <0.04 0.07 

P2 13 02/02/2016 Winter 6.3 <0.06 4.53 5.20 <0.02 1.89 3.12 1.51 3.97 0.42 1.01 <0.04 21.64 

P3 13 24/02/2016 Winter 30 <0.06 5.80 5.61 <0.02 1.74 3.44 1.31 4.09 0.35 0.68 <0.04 23.01 

P4 13 10/02/2016 Winter 19 <0.06   0.91 1.11 <0.10 0.35 <0.05 0.73 <0.02 <0.01 <0.04 3.10 

P1 14 25/04/2016 Spring 4.7 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 14 19/04/2016 Spring 20 <0.06 3.10 2.53 <0.02 3.06 2.36 1.44 4.07 0.75 0.99 <0.04 18.30 

P3 14 02/05/2016 Spring 37 <0.06 <0.03 6.87 <0.02 2.69 2.49 1.29 2.55 0.36 0.60 <0.04 16.85 

P4 14 04/05/2016 Spring 320 <0.06 <0.03 <0.01 <0.02 <0.10 0.16 0.31 0.34 <0.02 <0.01 0.30 1.11 

P1 15 13/09/2016 Summer 1.1 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 15 26/08/2016 Summer 5.0 3.61 7.05 8.21 <0.02 4.69 <0.02 1.68 5.49 0.75 0.76 <0.04 32.25 

P3 15 01/08/2016 Summer 20 5.31 5.66 7.09 4.00 4.28 1.53 2.73 5.35 0.44 0.40 <0.04 36.79 

P4 15 24/08/2016 Summer 241 <0.06 1.04 1.41 <0.02 1.04 <0.02 0.90 1.57 <0.02 <0.01 <0.04 5.97 

P1 16 28/11/2016 Autumn 1.2 <0.06 <0.03 <0.01 <0.02 <0.10 0.14 <0.05 <0.01 <0.02 <0.01 <0.04 0.14 

P2 16 18/11/2016 Autumn 6.8 2.80 6.19 4.61 <0.02 1.22 <0.02 <0.05 3.70 0.48 0.72 <0.04 19.71 

P3 16 18/11/2016 Autumn 31 <0.06 <0.03 5.07 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 5.07 

P4 16 15/11/2016 Autumn 57 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 
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P1 17 27/02/2017 Winter 1.8 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 17 16/02/2017 Winter 31 2.04 <0.03 2.50 <0.02 0.85 <0.02 <0.05 2.30 <0.02 0.37 <0.04 8.05 

P3 17 27/02/2017 Winter 40 1.54 2.62 3.76 <0.02 0.90 3.07 <0.05 2.12 <0.02 0.30 <0.04 14.30 

P4 17 28/02/2017 Winter 92 <0.06 <0.03 0.63 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 0.63 

P1 18 30/05/2017 Spring 1.3 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 18 26/05/2017 Spring 6.3 0.84 3.62 4.33 <0.02 1.35 6.21 0.67 1.81 0.33 0.67 <0.04 19.83 

P3 18 26/05/2017 Spring 18 5.24 0.38 3.91 1.84 1.13 0.45 0.87 2.30 0.26 0.36 <0.04 16.75 

P4 18 08/06/2017 Spring 40 0.29 <0.03 <0.01 <0.02 0.33 0.25 <0.05 0.59 <0.02 <0.01 <0.04 1.46 

P1 19 30/08/2017 Summer 0.03 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 19 30/08/2017 Summer 6.8 1.26 3.48 6.37 <0.02 3.63 8.31 2.87 9.51 2.12 2.65 0.39 40.58 

P3 19 17/08/2017 Summer 18 2.05 1.33 3.09 2.17 1.79 1.27 <0.05 2.82 <0.02 <0.01 <0.04 14.52 

P4 19 28/08/2017 Summer 21 0.29 <0.03 0.56 <0.02 <0.10 0.15 <0.05 0.88 <0.02 <0.01 <0.04 1.87 

P1 20 24/11/2017 Autumn 0.03 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 20 24/11/2017 Autumn 4.0 1.14 4.53 4.49 <0.02 2.43 0.77 0.61 2.14 <0.02 0.43 <0.04 16.55 

P3 20 23/11/2017 Autumn 27 1.31 3.40 4.11 <0.02 2.32 1.30 0.67 2.40 <0.02 0.41 <0.04 15.91 

P4 20 29/11/2017 Autumn 164 0.94 <0.03 0.86 <0.02 0.49 0.57 0.48 1.20 0.25 <0.01 <0.04 4.78 

P1 21 13/02/2018 Winter 0.03 <0.06 <0.03 <0.01 <0.02 <0.10 <0.02 <0.05 <0.01 <0.02 <0.01 <0.04 <0.10 

P2 21 23/02/2018 Winter 4.9 1.08 2.90 3.37 <0.02 3.04 <0.02 0.88 2.30 <0.02 0.34 <0.04 13.90 

P3 21 01/02/2018 Winter 27 0.78 1.73 2.71 <0.02 1.92 1.49 0.71 2.48 <0.02 0.42 <0.04 12.24 

P4 21 13/02/2018 Winter 0.01 0.47 0.41 1.38 <0.02 0.98 0.84 <0.05 1.47 <0.02 <0.01 <0.04 5.55 

P1 22 04/06/2018 Spring 4.5 <0.06 <0.03 <0.01 <0.02 <0.10 0.02 <0.05 <0.01 <0.02 <0.01 <0.04 0.02 

P2 22 24/05/2018 Spring 7.8 0.99 4.86 5.98 <0.02 2.52 1.99 0.59 3.51 0.59 0.83 0.24 22.09 

P3 22 03/05/2018 Spring 40 1.78 3.34 3.44 <0.02 1.49 1.73 0.99 2.23 <0.02 0.38 <0.04 15.39 
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P4 22 08/05/2018 Spring 192 <0.06 <0.03 0.57 <0.02 0.33 0.39 <0.05 0.59 <0.02 <0.01 <0.04 1.88 

P1 23 07/08/2018 Summer 2.0 <0.06 <0.03 <0.01 <0.02 <0.10 0.11 <0.05 <0.01 <0.02 <0.01 <0.04 0.11 

P2 23 16/08/2018 Summer 3.3 1.21 4.45 4.25 <0.02 2.27 12.77 1.45 3.67 0.58 0.61 <0.04 31.26 

P3 23 28/08/2018 Summer 22 1.45 2.81 3.22 <0.02 1.69 4.97 1.48 2.66 <0.02 0.24 <0.04 18.51 

P4 23 22/08/2018 Summer 296 0.29 <0.03 0.77 <0.02 0.50 2.63 0.65 0.94 <0.02 <0.01 <0.04 5.78 

PFDS, PFDoA, PFTrDA, PFTeDA, PFHxDA, PFODA, FOSA, N-MeFOSA and N-EtFOSA were not detected in any sample.   

SC: Sampling Campaign. FR: Flow Rate. < LOQ: below LOQ.   
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Table S2. Target PFAA compounds selected in the present study. 

Target compounds Name Molecular Formula 

  
  

Native compounds 
  

PFBS Perfluorobutanesulfonic acid CF3(CF2)3SO3H 

PFHxS Perfluorohexanesulfonic acid CF3(CF2)5SO3H 

PFOS Perfluorooctanesulfonic acid CF3(CF2)7SO3H 

PFDS Perfluorodecanesulfonic acid CF3(CF2)9SO3H 

PFBA Perfluorobutanoic acid CF3(CF2)2COOH 

PFPeA Perfluoropentanoic acid CF3(CF2)3COOH 

PFHxA Perfluorohexanoic acid CF3(CF2)4COOH 

PFHpA Perfluoroheptanoic acid CF3(CF2)5COOH 

PFOA Perfluorooctanoic acid CF3(CF2)6COOH 

PFNA Perfluorononanoic acid CF3(CF2)7COOH 

PFDA Perfluorodecanoic acid CF3(CF2)8COOH 

PFUdA Perfluoroundecanoic acid CF3(CF2)9COOH 

PFDoA Perfluorododecanoic acid CF3(CF2)10COOH 

PFTrDA Perfluorotridecanoic acid CF3(CF2)11COOH 

PFTeDA Perfluorotetradecanoic acid CF3(CF2)12COOH 

PFHxDA Perfluorohexadecanoic acid CF3(CF2)14COOH 

PFODA Perfluorooctadecanoic acid CF3(CF2)16COOH 

FOSA Perfluorooctanesulfonamide CF3(CF2)7SO2NH2 

N-MeFOSA N-methyl perfluorooctanesulfonamide CF3(CF2)7SO2NHCH3 

N-EtFOSA N-ethyl perfluorooctanesulfonamide CF3(CF2)7SO2NHC2H5 

   Mass labeled internal 

standards   

[18O2]-PFHxS Perfluorohexane [18O2]sulfonic acid CF3(CF2)5S18O2
16OH 

[13C4]-PFOS Perfluoro[1,2,3,4-13C4]octanesulfonic acid CF3(CF2)3(13CF2)4SO3H 

[13C4]-PFBA Perfluoro[13C4]butanoic acid 13CF3(13CF2)2
13COOH 

[13C2]-PFHxA Perfluoro[1,2-13C2]hexanoic acid CF3(CF2)3
13CF2

13COOH 

[13C4]-PFOA Perfluoro[1,2,3,4-13C4]octanoic acid CF3(CF2)3(13CF2)3
13COOH 

[13C5]-PFNA Perfluoro[1,2,3,4,5-13C5]nonanoic acid CF3(CF2)3(13CF2)4
13COOH 

[13C9]-PFNA Perfluoro[1,2,3,4,5-13C9]nonanoic acid 13CF3(13CF2)7
13COOH 

[13C2]-PFDA Perfluoro[1,2-13C2]decanoic acid CF3(CF2)7
13CF2

13COOH 
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[13C2]-PFUdA Perfluoro[1,2-13C2]undecanoic acid CF3(CF2)8
13CF2

13COOH 

[13C2]-PFDoA Perfluoro[1,2-13C2]dodecanoic acid CF3(CF2)9
13CF2

13COOH 

N-d3-MeFOSA N-methyl-d3-perfluorooctanesulfonamide CF3(CF2)7SO2NHCD3 

N-d5-EtFOSA N-ethyl-d5-perfluorooctanesulfonamide CF3(CF2)7SO2NHC2D5 

The components of MPFAC-MXA solution are [18O2]-PFHxS, [13C4]-PFOS, [13C4]-PFBA, [13C2]-PFHxA, [13C4]-PFOA, 

[13C5]-PFNA, [13C2]-PFDA, [13C2]-PFUdA and [13C2]-PFDoA. 
 

 

 

Table S3. Recoveries (%) of isotopically labeled surrogate standards in water samples. 

 

Compound 
Recovery                             

(%; mean ± SD) 

[18O2]-PFHxS 85 ± 11 

[13C4]-PFOS 88 ± 13 

[13C4]-PFBA 64 ± 2 

[13C2]-PFHxA 67 ± 3 

[13C4]-PFOA 86 ± 7 

[13C5]-PFNA 87 ± 10 

[13C2]-PFDA 75 ± 5 

[13C2]-PFUdA 81 ± 14 

[13C2]-PFDoA 79 ± 2 

N-d3-MeFOSA 65 ± 2 

N-d5-EtFOSA 66 ± 4 
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Table S4. Limit of quantification (ng/L) in water samples and PFAA concentrations (ng/L) and 

frequency of detection (%) in blank samples (n=92). 

Compound LOQ (ng/L) Mean Blank (ng/L)                 

DF (%) 

      
PFBS 0.06 0.02 ± 0.01                               

(3%) 

PFHxS 0.03 0.01 ± 0.01                              

(3%) 

PFOS 0.01 0.01 ± 0.01                                    

(3%) 

PFDS 0.01 N.D. 

PFBA 0.02 N.D. 

PFPeA 0.10 N.D. 

PFHxA 0.02 0.81 ± 0.05                                

(73%) 

PFHpA 0.05 N.D. 

PFOA 0.01 N.D. 

PFNA 0.02 N.D. 

PFDA 0.01 0.04 ± 0.02                                

(10%) 

PFUdA 0.04 0.02 ± 0.01                          

(8%) 

PFDoA 0.01 0.02 ± 0.02                           

(5%) 

PFTrDA 0.01 N.D. 

PFTeDA 0.02 N.D. 

PFHxDA 0.01 N.D. 

PFODA 0.01 N.D. 

FOSA 0.01 N.D. 

N-MeFOSA 0.01 N.D. 

N-EtFOSA 0.01 N.D. 

LOQ: Limit of quantification; N.D.: not detected; Mean ± standard 

deviation; DF: detection frequency in blank samples (n=92)  
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Table S5. Comparison of PFAA concentrations (ng/L) in surface water from European Rivers. 

River (Location) PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrDA PFTeDA PFHxDA PFODA FOSA Σ PFAAs Reference

Tributaries rivers from Lake Maggiore (Italy) N.A. N.A. N.D.-38.5 N.A. N.A. N.A. 0.1-2.3 0.6-15.9 0.2-16.2 N.D.-10.8 0.1-38 N.D.-14.1 N.A. N.A. N.A. N.A. N.A. N.A. Loos et al., 2007

European Rivers (Europe) N.A. N.A. N.A. N.A. N.A. <1.4-32 0.20-6.6 <0.65-200 <0.14-1.50 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. McLachlan et al., 2007

Roter Main (Germany) N.A. N.A. 0.8-15 N.A. N.A. N.A. N.A. 0.9-14 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. Becker et al., 2008

Weiβer Main (Germany) N.A. N.A. <0.03-3.5 N.A. N.A. N.A. N.A. 0.8-1.7 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. Becker et al., 2008

Trebgast (Germany) N.A. N.A. 1.7-3.3 N.A. N.A. N.A. N.A. 1.0-1.3 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. Becker et al., 2008

Ebro (Spain) <0.27 0.40-0.43 1.29-2.47 N.A. N.A. <0.87 <0.61-0.72 1.9-1.45 0.36-0.44 <0.82 <0.43 <0.34 N.A. <0.90 N.A. N.A. <0.19 N.A. Ericson et al., 2008

Cortiella (Spain) <0.27 <0.18 <0.24 N.A. N.A. <0.87 <0.61 <0.22 <0.42 <0.82 <0.43 <0.34 N.A. <0.90 N.A. N.A. <0.19 N.A. Ericson et al., 2008

Francolí (Spain) <0.27 0.78 5.88 N.A. N.A. <0.87 3.38 24.9 0.64 0.49 <0.43 <0.34 N.A. <0.90 N.A. N.A. 0.2 N.A. Ericson et al., 2008

Po (Italy) N.A. N.A. N.D.-25 N.A. N.A. N.A. N.D.-18 1-1270 N.D.-13 N.A. N.D.-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A. Loos et al., 2008

Elbe (Germany) 0.9-3.4 0.3-1.3 0.5-2.9 N.A. 0.9-3.1 1.6-5.0 0.8-2.4 2.8-9.6 0.2-1.1 0.2-0.7 <0.004-0.1 <0.01-0.1 N.A. N.A. N.A. N.A. 0.1-1 7.6-26.4 Ahrens et al., 2009

European Rivers (Europe) N.A. N.A. 39 N.A. N.A. 4 1 12 2 1 <1 N.A. N.A. N.A. N.A. N.A. N.A. N.A. Loos et al., 2009

Rhine (Germany-The Netherlands) 0.59-118 <0.51-14.5 1.41-7.34 <1.60-188 <0.66-9.99 0.62-4.48 <0.12-0.97 0.61-4.07 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 4.08-268 Möller et al., 2010

Rhine-Tributaries (Germany -The Netherlands) 0.22-31.1 <0.51-2.93 0.89-10.1 <1.60-115 <0.66-59.3 <0.25-49.9 <0.12-5.78 0.87-42.1 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 6.32-309 Möller et al., 2010

Rhine-Meuse Delta (The Netherlands) 7.33-181 <0.51-9.75 1.07-24.8 5.84-335 1.62-69.5 0.86-17.4 <0.12-4.73 1.92-41.4 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 20.8-621 Möller et al., 2010

Muga (Spain) 0.67 0.16 1.4 N.A. N.A. N.A. N.A. 6.17 1.25 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 9.62 Sánchez-Ávila et al., 2010

Fluvià (Spain) 0.09 0.09 1.41 N.A. N.A. N.A. N.A. 1.26 0.23 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.07 Sánchez Ávila et al., 2010

Ter (Spain) 0.59 0.6 9.56 N.A. N.A. N.A. N.A. 4.83 0.69 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 16.3 Sánchez Ávila et al., 2010

Besòs (Spain) 0.74 <0.03 7.7 N.A. N.A. N.A. N.A. 8.12 <0.06 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 16.6 Sánchez Ávila et al., 2010

Llobregat (Spain) 0.88 0.64 9.13 N.A. N.A. N.A. N.A. 9.63 1.62 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 21.9 Sánchez Ávila et al., 2010

Ebro (Spain) <0.07 0.12 1.09 N.A. N.A. N.A. N.A. 0.79 0.23 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 2.24 Sánchez Ávila et al., 2010

Orge (France) 4.4 13.6 17.4 N.D. 8.9 11.3 4.5 9.4 1.3 1.1 0.1 0.1 <0.03 <0.05 N.A. N.A. N.A. N.A. Labadie and Chevreuil, 2011a

Seine (France) 0.6-2.6 3.9-12.0 9.9-39.7 N.D. 2.3-13.7 3.0-16.0 0.5-5.5 1.1-18.0 0.1-1.2 0.1-1.0 <0.06-0.2 <0.09 <0.08 <0.15 N.A. N.A. N.A. N.A. Labadie and Chevreuil, 2011b

German River (Germany) N.D. 0.06-5.6 0.04-4.6 2.4-23 0.76-9.4 0.23-13 0.23-24 0.16-6.5 0.03 0.19 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.A. Llorca et al., 2012

Spanish Rivers (Spain) N.D. 0.06-37 0.04-2709 2.4-125 0.76-13 0.23-31 0.23-27 0.16-68 0.03-52 0.19-213 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.A. Llorca et al., 2012

Spanish River (Spain) N.A. 7.3-8.6 2.4-171 0.8-1.3 N.D. N.D. 0.9-6.2 0.8-11 N.D. 1.2-1.5 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. Onghena et al., 2012

L’Albufera Natural Park (Spain) N.D.-5.50 N.A. 0.94-58.1 N.A. N.D.-5.40 N.D.-6.90 N.D.-18.4 0.99-120.2 0.02-18.5 N.D.-10.0 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 0.99-120 Picó et al., 2012a

Llobregat (Spain) 0.41-4.10 14.2-33.2 0.01-2710 0.07-111 0.08-2.50 0.63-25.2 0.63-30.9 0.07-146 0.77-52.4 0.07-4.25 0.09 N.D. 0.03-9.75 N.D. 4.25 N.D. N.D. 21.3-3130 Campo et al., 2015

Rhine (Germany-The Netherlands) 1.4-40.0 0.8-3.6 <0.001-2.7 0.2-2.7 3.4-10.7 1.8-5.4 1.2-2.9 3.5-7.1 0.1-0.6 0.02-0.3 N.A. N.D.-0.02 N.A. N.A. N.A. N.A. N.D.-0.1 15.9-111.7 Heydebreck et al., 2015

Elbe (Germany) 0.8-3.6 0.3-1.4 <0.01-10.5 <0.02-1.9 0.4-4.8 1.5-4.1 <0.18-1.8 0.8-3.6 0.3-1.0 <0.43-2.7 N.D.-1.5 N.D.-1.1 N.A. N.A. N.A. N.A. N.D.-0.3 4.6-27.2 Heydebreck et al., 2015

Elbe (Germany) 0.24-238 <0.03-1.0 0.26-3.0 <0.14-2.5 <0.05-4.4 0.50-5.2 N.A. 0.78-5.1 0.07-0.43 0.05-1.2 <0.02-0.11 N.A. N.A. N.A. N.A. N.A. <0.05-0.51 4.1-249 Zhao et al., 2015

Weser (Germany) 0.75-1.85 0.30-1.22 0.13-2.41 0.55-1.67 0.20-0.96 0.75-5.31 N.A. 0.99-3.13 0.04-0.17 0.01-0.10 N.A. N.A. N.A. N.A. N.A. N.A. <0.05-0.42 3.79-15.57 Zhao et al., 2015

Jucar (Spain) N.D. 12.07-36.7 0.01-128 5.21-644 0.08-2.82 1.44-18.7 0.64-20.1 0.07-52.2 0.85-19.8 0.09-213 0.04-0.62 N.D. 0.04 0.03-0.04 N.D. N.D. N.D. 21.1-1140 Campo et al., 2016

Guadalquivir (Spain) 15.0-228.3 1.5-88.5 0.01-42.6 8.0-742.9 0.1-67.8 N.D. 0.4-87.4 4.1-188.6 6.8-116.1 1.8-13 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.A. Lorenzo et al., 2016

Ebro (Spain) N.D. 1.1-5.8 0.1-27.0 9.8-251.3 0.1-12.5 9.6-31.4 13.7-17.2 2.0-125.0 4.8-7.9 0.1-6.5 N.D. N.D. N.D. 6.3 N.D. N.D. N.D. N.A. Lorenzo et al., 2016

The Netherlands River water (The Netherlands) 12-27 1.5-2.2 2.7-7.1 4.1-14 <4-9.2 4.0-6.4 1.5-2.2 2.8-12 0.49-1.0 0.23-0.86 N.A. N.A. N.A. N.A. N.A. N.A. N.A. 36-65 Gebbink et al., 2017

Swedish Rivers (Sweden) 0.030-19 0.051-18 0.040-6.9 0.47-3.7 N.D. 0.51-4.2 0.36-1.7 0.21-4.2 0.090-5.8 0.024-4.4 0.018-1.8 0.016-0.82 N.D. 0.093-1.5 N.D. N.D. 0.032-0.46 N.A. Nguyen et al., 2017

English Rivers (England) N.D.-41.4 N.A. 2.41-23.8 N.A. N.A. N.A. N.A. 2.33-24.6 2.75-32.5 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. Wilkinson et al., 2017

Tagus (Spain) <0.06-5.3 <0.03-12 <0.01-34 <0.02-5.3 <0.10-4.7 <0.02-13 <0.05-2.9 <0.01-11 <0.02-2.1 <0.01-2.6 <0.04-0.4 <0.01 <0.01 <0.02 <0.01 <0.01 <0.01 <0.37-47 The present study

N.A.: not available. N.D.: not detected.
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Figure S1. Mean contribution of each compound to the total PFAAs in Tagus River. Only 

compounds with a detection frequency > 10% and contribution > 5% were represented. 
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Table S6. Spearman Rho correlation matrix for PFAA concentrations in Tagus River. 

 

  

 PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA ΣPFAAs ΣPFSAs ΣPFCAs Flow rate SC
a

Season

PFBS 1

PFHxS 0.408* 1

PFOS 0.578** 0.784** 1

PFBA -0.2 0.886* 0.857* 1

PFPeA 0.437* 0.529** 0.704** 1.000** 1

PFHxA 0.345 0.571** 0.681** 0.943** 0.457** 1

PFHpA 0.634** 0.676** 0.705** 0.6 0.578** 0.659** 1

PFOA 0.636** 0.786** 0.911** 0.893** 0.753** 0.734** 0.868** 1

PFNA 0.128 0.495* 0.679** 1.000** 0.574** 0.534* 0.686** 0.779** 1

PFDA -0.081 0.567** 0.713** 1.000** 0.456* 0.595** 0.506* 0.777** 0.800** 1

PFUdA 0.5 0.5 0.8 . -0.5 -0.3 0.6 0.6 0.5 0.5 1

ΣPFAAs 0.556** 0.782** 0.837** 0.857* 0.741** 0.898** 0.835** 0.945** 0.748** 0.766** -0.029 1

ΣPFSAs 0.616** 0.872** 0.920** 0.821* 0.677** 0.826** 0.739** 0.921** 0.668** 0.686** -0.087 0.956** 1

ΣPFCAs 0.458** 0.504** 0.575** 0.857* 0.805** 0.895** 0.796** 0.842** 0.498** 0.626** -0.086 0.907** 0.830** 1

Fow rate -0.338* -0.301 -0.376** -0.429 -0.476** 0.181 -0.421* -0.496** -0.33 -0.265 -0.543 -0.058 0.2 0.157 1

SC
a

-0.289 -0.348* -0.381** -0.559 -0.019 0.104 -0.318 -0.355** -0.308 -0.402* -0.829* -0.135 -0.172 0.045 -0.126 1

Season 0.125 0.254 0.244 0.524 0.116 0.129 0.055 0.234 0.156 -0.012 0.395 0.249* 0.069 0.098 -0.127 0.073 1
aSC: sampling campaign; * (p < 0.05); ** (p < 0.01).
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Table S7. Estimated mass flow rate (kg/y) of PFAAs in Tagus River watershed.  

  PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA ΣPFAAs 

P1 --- --- --- --- --- 0.01 ± 0.005 --- --- --- --- --- 0.1 ± 0.1 

  --- --- --- --- --- (0.01) --- --- --- --- --- (0.01) 

  --- --- 0.03 - 0.2 --- --- 0.002 - 0.01 --- --- --- --- --- 0.002 - 0.4 

                          

P2 0.7 ± 0.8 1.7 ± 2.2 2.5 ± 2.9 --- 0.6 ± 0.4 1.0 ± 0.6 0.3 ± 0.2 1.7 ± 1.6 0.2 ± 0.2 0.3 ± 0.2 0.1 ± 0.02 7.0 ± 5.8 

  (0.4) (1.1) (1.4) --- (0.4) (1.0) (0.3) (0.9) (0.1) (0.2) (0.1) (5.1) 

  0.1 - 2.9 0.5 - 9.8 0.5 - 12 0.8 - 1.3 0.2 - 1.9 0.1 - 1.8 0.1 - 0.9 0.3 - 6.7 0.1 - 0.5 0.1 - 0.7 0.06 - 0.1 1.4 - 27 

                          

P3 2.0 ± 1.3 5.1 ± 5.1 7.8 ± 6.4 --- 1.6 ± 0.7 2.0 ± 1.2 1.3 ± 0.8 4.5 ± 3.4 0.6 ± 0.5 0.6 ± 0.5 --- 21 ± 13 

  (1.5) (4.2) (4.7) --- (1.6) (2.2) (1.2) (3.5) (0.4) (0.4) --- (18) 

  0.7 - 5.9 0.2 - 24 1.8 - 22 1.1 - 2.5 0.7 - 3.1 0.3 - 3.8 0.5 - 3.3 1.3 - 16 0.2 - 1.6 0.2 - 1.9 --- 5.0 - 57 

                          

P4 1.7 ± 1.6 3.9 ± 2.7 8.5 ± 13 --- 2.1 ± 2.5 4.9 ± 7.3 3.8 ± 1.9 5.0 ± 5.6 --- --- --- 21 ± 23 

  (1.6) (4.1) (4.8) --- (1.4) (2.3) (3) (3.6) --- --- --- (11) 

  0.0002 - 4.8 0.9 - 7.9 0.001 - 46 0.7 - 13 0.0004 - 7.9 0.0003 - 25 2.0 - 6.9 0.001 - 22 1.3 - 1.4 0.02 - 1.6 2.0 - 3.0 0.002 - 88 

                          

Total 1.4 ± 1.3 3.6 ± 4.2 5.9 ± 8 2.9 ± 4.3 1.3 ± 1.4 2.4 ± 4.5 1.4 ± 1.6 3.6 ± 4 0.5 ± 0.5 0.5 ± 0.5 1 ± 1.2 14 ± 16 

  (1.1) (2.2) (3.5) (1.2) (1.0) (1.1) (0.8) (2.5) (0.3) (0.4) (0.4) (8.7) 

  0.0002 - 5.9 0.22 - 24 0.001 - 46 0.7 - 13 0.0004 - 7.9 0.0003 - 25 0.1 - 6.9 0.001 - 22 0.1 - 1.6 0.02 - 1.9 0.06 - 3.0 0.002 - 88 
Mean ± standard deviation, (median), min-max. 

    
 

 

 



S17 
 

Table S8. Comparison of mass flow rates (kg/y) of PFAAs in surface water. 

  

River (Location) PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA Σ PFAAs Reference

Po (Italy) --- --- --- --- --- --- --- 2600 --- --- --- --- Loos et al., 2008

Elbe (Germany) --- --- --- --- --- --- --- --- --- --- --- 480-540 Ahrens et al., 2009

Danube (Austria) --- --- 186-208 --- --- 0-241 84-99 1059-1168 0 0 --- --- Clara et al., 2009

Schwechat (Austria) --- --- 0.16-4.7 --- --- 0-0.19 0-0.32 0.04-1.2 0-0.20 0-0.20 --- --- Clara et al., 2009

Liesing (Austria) --- --- 0.29-0.58 --- --- 0-0.15 0.04-0.08 0.16-0.34 0.03 0.02 --- --- Clara et al., 2009

Rhine (Germany-The Netherlands) 5100 --- 400 10500 300 200 --- 200 --- --- --- 17000 Möller et al., 2010

Rhine-Meuse Delta (The Netherlands) 90 --- 30 50 80 30 --- 70 --- --- --- 400 Möller et al., 2010

Chao Phraya (Thailand) --- --- 34.1 --- 34.4 --- --- 104 --- --- --- --- Kunacheva et al., 2011

Seine (France) --- --- --- --- --- --- --- --- --- --- --- 485 Labadie and Chevreuil, 2011b

Hun (China) --- --- 0.57-5.51 --- --- 3.01-8.92 0.80-6.12 3.01-15 --- --- --- Sun et al., 2011

L’Albufera Natural Park (Spain) --- --- --- --- --- --- --- --- --- --- --- 5672 Picó et al., 2012a

Hanjiang (China) --- --- 127 --- --- --- --- 107 31.4 44.4 19.4 --- Wang et al., 2013

Japanese Rivers (Japan) --- --- --- --- --- --- --- --- --- --- --- 33.5-8700 Takemine et al., 2014

Spanish Rivers (Spain) 0.01-2 0.05-9.4 0.0007-34 0.002-13 0.0003-1.3 0.002-0.8 0.1-26 0.01-21 0.004-0.6 0.003-3.6 0.003 --- Campo et al., 2015

Lambro (Italy) 65 --- 46 --- --- --- --- 60 --- --- --- --- Castiglioni et al., 2015

Yodo (Japan) --- --- --- --- --- --- 20.6-41.2 48.4-97.0 9.5-19.1 3.7-7.4 2.7-5.3 86.5-173.4 Niisoe et al., 2015

Elbe (Germany) 69 ± 46 19 ± 12 35 ± 14 29 ± 35 31 ± 18 71 ± 37 --- 83 ± 36 7.0 ± 3.8 7.7 ± 11 0.7 ± 1.3 335 ± 100 Zhao et al., 2015

Weser (Germany) --- --- 10 ± 7 --- --- --- --- 23 --- --- --- 102 ± 22 Zhao et al., 2015

Cabriel (Spain) --- --- --- 1.26-1.27 0.02-0.27 0.71-1.63 0.16-0.17 0.01 1.1 --- --- --- Campo et al., 2016

Jucar (Spain) --- 5.09 0.001-17.8 0.97-74.4 0.01-0.18 --- 1.82 4 0.22-1.54 0.01-29.6 --- --- Campo et al., 2016

Bothnian Bay Basin (Sweden) --- --- --- --- --- --- --- --- --- --- --- 0.23-42 Nguyen et al., 2017

Bothnian Sea Basin (Sweden) --- --- --- --- --- --- --- --- --- --- --- 6.1-418 Nguyen et al., 2017

Baltic Proper Basin (Sweden) --- --- --- --- --- --- --- --- --- --- --- 0.54-78 Nguyen et al., 2017

Kattegat Basin (Sweden) --- --- --- --- --- --- --- --- --- --- --- 1.5-82 Nguyen et al., 2017

English Rivers (England) N.D.-0.7 --- 0.02-0.8 --- --- --- --- N.D.-0.7 0.02-0.6 --- --- --- Wilkinson et al., 2017

Chinese Rivers (China) 0.73-2400 0.24-21400 2.8-3000 20-5500 4.5-1100 5.8-5900 4.9-1300 20-15500 2.6-710 0.58-330 0.067-150 --- Pan et al., 2018

Tagus (Spain) 0.0002 - 5.9 0.22 - 24 0.001 - 46 0.7 - 13 0.0004 - 7.9 0.0003 - 25 0.1 - 6.9 0.001 - 22 0.1 - 1.6 0.02 - 1.9 0.06 - 3.0 0.002 - 88 The present study

N.D.: not detected.



S18 
 

Table S9. General parameters used in the environmental exposure assessment for the different compartments. 

 

Parameters 
   

RHOwater Density of the water phase kg/m3 1000 

RHOair Density of air kg/m3 1.3 

RHOsolid Density of the solid phase kg/m3 2500 

RHOsusp Bulk density of suspended matter kg/m3 9250 

Fwatersusp Fraction water in suspended matter m3/m3 9 

Fairsusp Fraction air in suspended matter (only relevant for soil) m3/m3 0.2 

Fsolidsusp Fraction solids in suspended matter m3/m3 0.1 

Focsusp Weight fraction of organic carbon in suspended solids kg/kg 0.1 

R Gas constant Pa m3/ mol k 8.314 

TEMP Temperature at the air-water interface K 285 

Data obtained by ECHA' recommendations (ECHA, 2016a). 
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Table S10. Specific parameters used in the environmental exposure assessment.  

 

Parameters 
 

PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA 

Log Kow --- 1.82a 3.16a 4.49a 2.14a 2.81a 3.48a 4.14a 4.81a 5.48a 6.15a 6.82a 

Koc L/kg 85.5a 471a 2562a 21.9a 51.3a 120a 283a 655a 1538a 3610a 8474a 

HENRY Pa m3/mol 1.46a 40.3a 3.19 x 10-4b 12.1a 63.4a 333a 1.75 x 103a 2.53c 4.84 x 104a 2.30 x 105a 1.34 x 106a 

BCFfish L/kg 3.16a 3.16a 3.16a 3.16a 3.16a 3.16a 3.16a 3.16a 10a 56a 56a 

BMF --- 1 1 2 1 1 1 1 2 10 10 10 

Kair-water m3/m3 6.16 x 10-4 0.02 1.34 x 10-7 5.11 x 10-3 0.03 0.14 0.74 1.10 x 10-3 20.4 97 566 

Ksusp-water m3/m3 11.1 20.8 73 9.55 10.3 12.0 16.2 25 51.5 119 334 

Kpsusp L/kg 8.55 47.1 256 2.19 5.13 12.0 28.3 65 154 361 847 

Log Kow: octanol-water partitioning coefficient; Koc: partition coefficient organic carbon-water; HENRY: Henry's law constant; BCFfish:  bioconcentration factor (fish); BMF: biomagnification factor in fish. 

Kair-water: air-water partitioning coefficient; Ksusp-water: suspended matter-water partitioning coefficient; Kpsusp: partition coefficient solid-water in suspended matter. 
   

Data obtained by ECHA' recommendations (ECHA, 2016a). 
        

aData obtained by EPISuite 4.1. bBrooke et al., 2004. cStemmler and Lammel, 2010. 
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Table S11. Predicted environmental concentrations in the aquatic environmental ecosystem studied: PECwater (mg/L), PECsed (mg/kg), and PECoral, predator (Aq) 

(mg/kg). 

  PFBS PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA 

P1                       

PECwater  --- --- 6.48 x 10-9 --- --- 6.90 x 10-8 --- --- --- --- --- 

PECsed --- --- 5.40 x 10-8 --- --- 8.98 x 10-8 --- --- --- --- --- 

PECoral, predator (Aq) --- --- 4.33 x 10-8 --- --- 2.18 x 10-7 --- --- --- --- --- 

P2                       

PECwater  3.98 x 10-7 2.49 x 10-7 1.34 x 10-7 1.66 x 10-6 7.67 x 10-7 9.97 x 10-7 9.91 x 10-8 1.68 x 10-7 1.36 x 10-8 7.18 x 10-9 4.71 x 10-10 

PECsed 4.79 x 10-7 5.60 x 10-7 1.06 x 10-6 1.72 x 10-6 8.53 x 10-7 1.30 x 10-6 1.74 x 10-7 4.60 x 10-7 7.56 x 10-8 9.21 x 10-8 1.70 x 10-8 

PECoral, predator (Aq) 1.26 x 10-6 7.89 x 10-7 8.46 x 10-7 5.26 x 10-6 2.42 x 10-6 3.15 x 10-6 3.13 x 10-7 1.06 x 10-6 1.36 x 10-6 4.04 x 10-6 2.65 x 10-7 

P3                       

PECwater  5.55 x 10-7 2.29 x 10-7 7.08 x 10-8 1.26 x 10-6 7.02 x 10-7 3.83 x 10-7 9.23 x 10-8 1.33 x 10-7 1.03 x 10-8 5.80 x 10-9 --- 

PECsed 6.68 x 10-7 5.14 x 10-7 5.59 x 10-7 1.30 x 10-6 7.80 x 10-7 4.99 x 10-7 1.62 x 10-7 3.64 x 10-7 5.76 x 10-8 7.44 x 10-8 --- 

PECoral, predator (Aq) 1.76 x 10-6 7.23 x 10-7 4.48 x 10-7 3.97 x 10-6 2.22 x 10-6 1.21 x 10-6 2.92 x 10-7 8.40 x 10-7 1.03 x 10-6 3.26 x 10-6 --- 

P4                       

PECwater  9.43 x 10-8 2.08 x 10-8 1.20 x 10-8 8.48 x 10-7 1.63 x 10-7 1.99 x 10-7 3.08 x 10-8 3.02 x 10-8 1.94 x 10-9 1.10 x 10-9 4.71 x 10-10 

PECsed 1.13 x 10-7 4.67 x 10-8 9.46 x 10-8 8.75 x 10-7 1.81 x 10-7 2.59 x 10-7 5.39 x 10-8 8.29 x 10-8 1.08 x 10-8 1.42 x 10-8 1.70 x 10-8 

PECoral, predator (Aq) 2.98 x 10-7 6.57 x 10-8 7.57 x 10-8 2.68 x 10-6 5.16 x 10-7 6.30 x 10-7 9.73 x 10-8 1.91 x 10-7 1.94 x 10-7 6.21 x 10-7 2.65 x 10-7 

Total (mean)                       

PECwater  3.49 x 10-7 1.66 x 10-7 5.59 x 10-8 1.26 x 10-6 5.44 x 10-7 4.12 x 10-7 7.40 x 10-8 1.10 x 10-7 8.61 x 10-9 4.70 x 10-9 4.71 x 10-10 

PECsed 4.20 x 10-7 3.74 x 10-7 4.41 x 10-7 1.30 x 10-6 6.05 x 10-7 5.36 x 10-7 1.30 x 10-7 3.02 x 10-7 4.80 x 10-8 6.02 x 10-8 1.70 x 10-8 

PECoral, predator (Aq) 1.10 x 10-6 5.26 x 10-7 3.53 x 10-7 3.97 x 10-6 1.72 x 10-6 1.30 x 10-6 2.34 x 10-7 6.97 x 10-7 8.16 x 10-7 2.64 x 10-6 2.65 x 10-7 
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PECwater: Predicted environmental concentration in surface water (mg/L).                 

PECsed: Predicted environmental concentration in sediment (mg/kg)             

PECoral,predator (Aq): Predicted environmental concentration of contaminant in the food (fish) of fish-eating predators (mg/kg wet fish).           
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Table S12. Predicted no effect concentrations in the aquatic environmental ecosystem studied: 

PNECwater (µg/L), PNECsed (mg/kg) and PNECoral (mg/kg). 

  

PNECwater    

(µg/L) 
PNECsed   

(mg/kg) 
PNECoral 

(mg/kg) 
  

PFBS 372a 1.164b 0.0167c   

PFHxS 250d 1.46b 0.0167c   

PFOS 25e 0.067f 0.0167e   

PFBA 110g 0.295b 0.158h   

PFPeA 320d 0.925b 0.158h   

PFHxA 97i 0.328b 0.158h   

PFHpA 20h 0.091b 0.158h   

PFOA 20j 0.143b 0.158j   

PFNA 100i 1.45b 0.158h   

PFDA 10d 0.334b 0.158h   

PFUdA 33.84k 3.18b 0.158h   

PNECwater: Predicted no effect concentration in water (µg/L).     

PNECsed: Predicted no effect concentration in sediment (mg/kg).  

PNECoral: Predicted no effect concentration for secondary poisoning of birds and mammals (mg/kg). 

aNegrão et al., 2016.bValue calculated from PNECwater.
cValue based on PFOS data. dVon der Trenk et al., 2018.  

eBrooke et al., 2004. fMøskeland, 2010. gGredelj et al., 2018. hValue based on PFOA data. iHoke et al., 2012.  

jEnvironment Canada, 2012. kPicó, 2012b.       
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Table S13. The risk characterization ratios estimated for freshwater (RCRwater) and sediment (RCRsed) organisms and for fish-eating predators (RCRoral,fish) in 

the different sampling points. 

  PFHxS PFOS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUdA 

P1                     

RCRwater  --- 2.74 x 10-7 --- --- 7.12 x 10-7 --- --- --- --- --- 

RCRsed --- 8.07 x 10-7 --- --- 2.74 x 10-7 --- --- --- --- --- 

RCRoral, fish --- 2.59 x 10-6 --- --- 1.38 x 10-6 --- --- --- --- --- 

P2                     

RCRwater  9.98 x 10-7 5.35 x 10-6 1.51 x 10-5 2.40 x 10-6 1.03 x 10-5 4.96 x 10-6 8.39 x 10-6 1.36 x 10-7 7.18 x 10-7 1.39 x 10-8 

RCRsed 3.84 x 10-7 1.58 x 10-5 5.82 x 10-6 9.22 x 10-7 3.95 x 10-6 1.91 x 10-6 3.23 x 10-6 5.22 x 10-8 2.76 x 10-7 5.36 x 10-9 

RCRoral, fish 4.72 x 10-5 5.07 x 10-5 3.33 x 10-5 1.53 x 10-5 2.00 x 10-5 1.98 x 10-6 6.72 x 10-6 8.59 x 10-6 2.56 x 10-5 1.68 x 10-6 

P3                     

RCRwater  9.15 x 10-7 2.83 x 10-6 1.14 x 10-5 2.19 x 10-6 3.95 x 10-6 4.61 x 10-6 6.64 x 10-6 1.03 x 10-7 5.80 x 10-7 --- 

RCRsed 3.52 x 10-7 8.35 x 10-6 4.39 x 10-6 8.43 x 10-7 1.52 x 10-6 1.77 x 10-6 2.55 x 10-6 3.98 x 10-8 2.23 x 10-7 --- 

RCRoral, fish 4.33 x 10-5 2.68 x 10-5 2.51 x 10-5 1.40 x 10-5 7.67 x 10-6 1.85 x 10-6 5.31 x 10-6 6.54 x 10-6 2.06 x 10-5 --- 

P4                     

RCRwater  8.32 x 10-8 4.79 x 10-7 7.71 x 10-6 5.10 x 10-7 2.06 x 10-6 1.54 x 10-6 1.51 x 10-6 1.94 x 10-8 1.10 x 10-7 1.39 x 10-8 

RCRsed 3.20 x 10-8 1.41 x 10-6 2.96 x 10-6 1.96 x 10-7 7.91 x 10-7 5.92 x 10-7 5.81 x 10-7 7.45 x 10-9 4.25 x 10-8 5.36 x 10-9 

RCRoral, fish 3.94 x 10-6 4.53 x 10-6 1.70 x 10-5 3.27 x 10-6 3.99 x 10-6 6.16 x 10-7 1.21 x 10-6 1.23 x 10-6 3.93 x 10-6 1.68 x 10-6 

Total (mean)                     

RCRwater  6.65 x 10-7 2.23 x 10-6 1.14 x 10-5 1.70 x 10-6 4.25 x 10-6 3.70 x 10-6 5.51 x 10-6 8.61 x 10-8 4.70 x 10-7 1.39 x 10-8 

RCRsed 2.56 x 10-7 6.58 x 10-6 4.39 x 10-6 6.54 x 10-7 1.63 x 10-6 1.42 x 10-6 2.12 x 10-6 3.31 x 10-8 1.81 x 10-7 5.36 x 10-9 

RCRoral, fish 3.15 x 10-5 2.12 x 10-5 2.51 x 10-5 1.09 x 10-5 8.25 x 10-6 1.48 x 10-6 4.41 x 10-6 5.45 x 10-6 1.67 x 10-5 1.68 x 10-6 
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