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PFCs comprise a large group of compounds widely used in industrial applications since 40s. They have unique properties to 
make materials stain, oil, and water resistant, and are widely used in several applications such as stain and water resistant textiles, 
food packaging, in fire extinguishing formulations, pesticides, paints, personal care products and surfactant agents, among others. 
PFCs are resistant to breakdown, ubiquitous environmental contaminants, which persist and may be accumulated attached to proteins 
and biomagnified through the food chain. In recent years, an increasing scientific interest has raised due to their widespread 
distribution. The main direct routes of exposure of PFCs to humans are in their diet and drinking water. Although fish is one of the 
main sources of PFCs in diet [1].

This work presents the study of three selected PFCs (Table 1). The analyzed samples corresponded to three 
different species from different markets in Barcelona: salmon, turbot and gilthead bream. The samples were from two 
origins (Figure 1): I) farm fish (n = 9) and, II) open sea fish (n = 9). A total of 54 samples were analyzed in triplicate.

I) Introduction:

Figure 2: fish species analyzed in this study
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II) Analytical Process:  (The method was developed under the frame of the CONffIDENCE project [2] and validated according to Commission Decision 2002/657/EC [3].)

1. Added into 50mL PP tube
2. Surrogates addition

3. Shaked into vortex 1min

4. Shaked into vortex 1min
5. 3ml into PVDF centrifuge filter
6. Centrifugation at 4000rpm for

10min
7. 1ml evaporated under N2
8. Reconstituted in 20:80 

MeOH:H2O and internal 
standards addition

Ion [13C8]-Perfluorooctanesulfonate (M8PFOS (13C8))[13C8]-Perluorooctanesulfonamide (MPFOSA (13C8))Perfluorooctanesulfonamide (FOSA)
Ion [13C8]-Perfluorooctanesulfonate (M8PFOS (13C8))Ion [13C4]-Perfluorooctanesulfonate (MPFOS (13C4))Perfluorooctanesulfonate ion(PFOS)

[1,2-13C2]-Perfluorooctanoic acid (MPFOA (13C2))[13C4]-Perfluorooctanoic acid (MPFOA (13C4))Perfluorooctanoic acid (PFOA)

Internal StandardSurrogateAnalyte
Table 1: Analytical compounds

2g fish

6 mL Methanol

340mg Activated Charcoal

LC-MS/MS
Liquid Chromatograph: 
• LC system: Thermo Scientific Aria TLX-1 
(Thermo Fisher Scientific, Franklin, MA)
• Column: Hypersil GOLD PFP (50 x 3) 
(Thermo Scientific)
• Column before injection: BDS Hypersil C8 (50 x 3)
• Flow rate: 0.4ml/min
• Injection volume: 20µl
• Gradient elution mode: 
Water : MeOH (20mM Ammonium Acetate)
Mass Spectrometer: 
• Mass Spectrometrer: Thermo Scientific TSQ Vantage
(Thermo Fisher Scientific, San Jose, CA)
• Ionization mode: orthogonal electrospray (ESI)
in negative mode

• SRM mode
• Analysis time: 7.5 min

A) B)
c:\xcalibur\...\160111_12 16/01/2011 12:32:20 0.15

RT:0.00 - 7.51 SM:9G

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Time (min)

0

50

100

150

0

10

20

In
te

ns
ity

0

50

100

150
3.89

2.71 6.750.95 5.16 7.214.28 6.225.983.221.26 5.824.321.470.27 1.84 2.430.58 3.47
4.21

0.54 4.91 6.50
6.004.661.00 2.560.29 2.32 3.37 7.365.021.54 4.091.98 5.50 7.313.18

5.43

6.48 6.625.584.650.12 5.902.33 3.992.04 7.113.191.75 3.43 5.022.540.33 4.421.621.13

NL: 1.57E2
TIC F: - c ESI SRM 
ms2 412.792 
[368.999-369.001]  
MS 160111_12

NL: 2.04E1
TIC F: - c ESI SRM 
ms2 498.720 
[79.986-79.988]  MS 
160111_24

NL: 2.00E2
TIC F: - c ESI SRM 
ms2 498.010 
[78.015-78.017]  MS 
160111_24

PFOA

PFOS

FOSA

C:\Xcalibur\...\160111_24 16/01/2011 14:08:30 SM 2

RT:0.00 - 7.51 SM:9G

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Time (min)

0

50

100

150

0

10

20

In
te

ns
ity

0

20

40

60

3.89

6.244.95 6.503.57 4.72 5.07 5.660.10 4.54 7.301.16 3.46 7.140.34 1.68 2.832.22

4.21

0.54 4.91 6.50
6.004.661.00 2.560.29 2.32 3.37 7.365.021.54 4.091.98 5.50 7.313.18

5.43

6.48 6.625.584.650.12 5.902.33 3.992.04 7.113.191.75 3.43 5.022.540.33 4.421.621.13

NL: 7.97E1
TIC F: - c ESI SRM 
ms2 412.792 
[368.999-369.001]  
MS 160111_24

NL: 2.04E1
TIC F: - c ESI SRM 
ms2 498.720 
[79.986-79.988]  MS 
160111_24

NL: 2.00E2
TIC F: - c ESI SRM 
ms2 498.010 
[78.015-78.017]  MS 
160111_24

PFOA

PFOS

FOSA

Figure 3: Extracted ion chromatograms of analyzed PFCs in: A) calibration 
point at 0.25 μg/l in vial and B) salmon sample from open sea (sample 2)
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Figure 1: Open sea and farm 
fish from different regions.
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III) Results

MLOD: method limit of detection established at 0.012 µg/kg (PFOA), 0.005 µg/kg (PFOS), 0.032 µg/kg (FOSA).
MLOQ: method limit of quantification established at 0.039 µg/kg (PFOA), 0.017 µg/kg (PFOS), 0.106 µg/kg (FOSA).

IV) Conclusions
The analysis of the selected PFCs concluded that 

this compounds were present in all analyzed samples 
but in most of the cases below MLOQ. 

The 100% of salmon samples from open sea were 
detected as positives regarding the highest levels. The 
most contaminated sample presented levels of 0.61 
µg/kg for PFOA, 0.19 µg/kg for PFOS and 18.18 µg/kg 
for FOSA. The 44% of the gilthead bream open sea 
samples were detected as a positives where FOSA 
presented the highest levels. In contrast, only two turbot 
samples (one from open sea and another one from farm) 
presented PFCs at quantifiable levels. Salmon and 
gilthead bream farm samples presented values <MLOQ, 
or even <MLOD, in most of the cases.

The differences of levels between same species of 
fish but with different origins could be explained due the 
presence of these PFCs in the environment. Once 
introduced in the environment, PFCs are transported, 
due to their physicochemical properties, to remote areas 
such as the Arctic and Antarctic oceans. Because of this, 
wild fishes might present PFCs levels even higher than 
farm fishes.
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