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Abstract 

The aim of this project was to compare two methods for the extraction of perfluoroalkyl 

substances (PFASs) in water samples. The methods compared were solid phase extraction 

(SPE) and supramolecular solvents (SUPRAS). Solid phase extraction is a sample preparation 

process where the desired compound passes through a solid phase and the method uses the 

affinity for the compound of interest to retain it in the solid phase while the undesired 

compounds pass through. Supramolecular solvents are an alternative approach for extraction 

of contaminants, for example PFASs. Supramolecular solvents are liquids that generates from 

compounds known as amphiphiles. The desired compound is extracted by binding with ionic 

bond, hydrogen bond, dipole-dipole bond, or other depending on the desired compound. A 

comparison of methods was evaluated based on method detection limits (MDL), recovery, 

matrix effects and repeatability. The recoveries for SPE (n=11) were best for short-chain 

PFASs with recoveries between 81-128%. The recoveries decreased with increasing carbon 

chain length, probably due to the sorption of analytes to the wall of the container or the 

reservoir that were not washed thoroughly. The matrix (e.g. surface water) for the solid phase 

extracted samples were concluded to slightly suppress the signal of most PFASs. The 

repeatability for the SPE samples had values between 8-59%, with an average of 18%. The 

recoveries of PFASs (n=4) when using SUPRAS for the extraction of PFASs from water 

samples were generally lower than those of the SPE method. Especially the short-chain 

PFASs have poor recoveries in SUPRAS extraction. For longer carbon chain PFASs the 

recovery for the samples extracted with SUPRAS showed better values (58-135%) but with 

decreasing chain length the recoveries also decreased. For SUPRAS method to be a feasible 

option, extraction efficiency of 50-120% would be needed. The matrix effects indicated that 

the matrix of the SUPRAS extracted samples enhanced the signal of most PFASs. The 

repeatability could not be calculated for the environmental (SUPRAS Method 1) SUPRAS 

samples since no replicate blanks were extracted. Spiking experiments on Milli-Q water was 

performed and had RSD values between 22-85% with a mean value of 39 %. This preliminary 

test of using SUPRAS as extraction method of PFASs in water need to be further developed. 

At present SUPRAS is not as efficient for the extraction of PFASs from water as using solid 

phase extraction. Screening of solvents and possibly salting out need to be tested to increase 

the efficiency of the extracted compounds. 
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1. Introduction 

1.1. Per and polyfluoroalkyl substances 

Per- and polyfluoroalkyl substances, also known as PFASs, are a group of man-made chemicals 

that have had a wide use since the 1950s (Kissa, 2001). They are highly fluorinated substances, 

having all (perfluorinated) or multiple (polyfluorinated) hydrogen atoms that are bound to a 

carbon atom replaced by fluorine atoms. The strong fluorine-carbon bond renders the chemical, 

biological and thermal stability of the PFASs. It is a group that includes perfluoroalkyl acids, 

(e.g., perfluoroalkyl sulfonates (PFSAs) and perfluoroalkyl carboxylates (PFCAs)) as well as 

polyfluorinated telomer alcohols and others. The PFASs are highly useful in a lot of different 

applications because of their unique properties, such as being highly stable as well as being 

both lipo- and hydrophobic. The small size of the fluorine atom is considered to contribute to a 

shielding of the carbon atom, without steric stress, preventing it from getting attacked (Järnberg 

et al. 2006). Applications include, amongst others, surface repellant coatings on textiles and 

cookware, surfactants in firefighting foam (e.g., aqueous film forming foam (AFFF)) and in 

cleaning agents (Yeung, Stadey and Mabury, 2017). 

The stability of fluorinated compounds does not only mean that they can be of important use in 

industries, but also that some of them have a potential to be persistent in the environment, which 

is one of the reasons behind the concern regarding these compounds (Järnberg et al. 2006). By 

analyzing tissue samples from fish, birds and other wildlife from different areas of the globe, it 

has been established that some PFASs, the most prominent being perfluorooctanesulfonate 

(PFOS), and some longer chain (having more than eight perfluorinated carbons) PFCAs, 

bioaccumulate, which is another reason to the concern (Giesy and Kannan, 2001).  

Exposure to humans can occur through for example contaminated food (mainly fish) and 

through water sources (Järnberg et al. 2006; Ericson, et al. 2008, 2009). The Swedish food 

agency has set a guideline value of the sum of eleven PFASs, which includes PFSAs (C4, C6 

and C8), PFCAs (C4-C10) and 6:2 fluorotelomer sulfonate (6:2 FTSA), for safe use of drinking 

water to 90ng/L (Livsmedelsverket, 2001). The toxicity of different PFASs is currently under 

investigation. It is considered contributing to problems with immunodeficiency, the liver and 

blood fats, if humans are exposed to these PFASs for an extended period of time (Glynn, 2013). 

In some animal exposure study, PFOS has also been noted causing neonatal and prenatal 

mortality in rodents as well as reducing postnatal growth (Fuentes, 2007). A survey conducted 

by the Swedish Chemical Agency (KEMI, 2015) indicated that over 3000 highly fluorinated 

substances were circulating on the global market. There are regulations regarding some of these 

PFASs, for examples PFOS (UNEP/POPS/POPRC.8/10. 2012) and perfluorooctanoic acid 

(PFOA) (US EPA, 2015) and compounds that can degrade to PFOA or long-chain PFCAs, 

regarding their production, application and waste management. It has on the other hand been 

observed that the long-chain PFASs (for examples, PFOS and C9 - C18 PFCAs) have been 

replaced in industries for short-chain PFASs (C4-C6) and ultra-short chain PFASs (C1-C3) 

(KEMI, 2015). One of the reasons behind the replacement is because it has been demonstrated 

that the short-chain PFSA (i.e., perfluorobutane sulfonate (PFBS)) can be eliminated from the 

human body at a fast rate compared to the long-chain PFASs (e.g., PFOS and perfluorohexane 

sulfonate (PFHxS)). This means that it does not bioaccumulate to the same extent as PFOS and 

PFHxS, and is thereby considered to be better to use in various applications (Olsen et al. 2009). 
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This on the other hand does not mean that short-chain PFASs are not as persistent in nature as 

long-chain PFASs. Some PFASs (e.g., FTSAs) will degrade to stable end products and are very 

persistent in the nature (Cousin et al. 2016).  

1.2. Solid-phase extraction 

One way of extracting PFAS is through solid phase extraction (SPE) (ISO25101, 2007). This 

method separates compounds that are suspended or dissolved in a liquid mixture. It is a sample 

preparation process where the separation occurs due to the compounds physical and chemical 

properties; it can be used to concentrate and purify samples prior to analysis. The desired 

compound passes through a solid phase and SPE uses the affinity for the compound of interest 

to retain it in the solid phase while the undesired compounds pass through (Simpson, 2000). 

Weak anion exchange (WAX) cartridge is stable in organic solvents and is used to retain and 

release strong acids with different eluents, which makes them a good choice for extraction of 

PFAAs. The weak anion exchanger interacts with the analytes acidic functional group when the 

analyte is loaded and thereby retains the analytes. It is a mixed mode sorbent (it has both an 

ion-exchange functional group as well as hydrophobic group) meaning it can also retain more 

neutral species (Waters, 2017). To elute the desired compound, the solid phase is rinsed with 

an appropriate eluent which interrupts the retention mechanism (Simpson, 2000). Separate 

fractions can be collected, for example depending on polarity (Waters, 2017). In this case, 

neutral fraction is eluted with organic solvent (MeOH) and the anionic fraction is eluted by a 

NH4OH in MeOH to interrupt the ion exchange site.  

1.3.Extraction using supramolecular solvents 

An alternative approach for the extraction of contaminants, for instance PFASs, from different 

matrices is the use of supra molecular solvents, also known as SUPRAS. SUPRAS are 

generated from compounds with both hydrophilic and lipophilic properties, so called 

amphiphiles. The process of creating SUPRAS occurs through a spontaneous self-assembly 

process (see Figure 1) that when amphiphiles exceed a certain concentration arrange in 

structures commonly referred to as coacervate droplets. These structures can have the form of 

single layer vesicles, reversed micelles or water micelles, and will then arrange in larger 

aggregates separated from the bulk solution in a process known as coacervation and the 

SUPRAS phase can be collected, as illustrated in Figure 1 (Melnyk, Namiesnik and Wolska, 

2014). This method is considered environmentally friendly and is low in cost since it uses low 

amount of solvent (e.g. tetrahydrofuran). The entire process should only take about 15-20 

minutes and the method reduces sample handling which possibly could lower the risk of 

contamination (Luque et al. 2012). Using an extraction method with such short sample 

preparation time could greatly enhance the throughput of PFAS analysis when analyzing large 

numbers of samples. 
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Figure 1: The self-assembly process and some possible types of coacervate droplets (aqueous 

micelles, reveres micelles, vesicles) created when supramolecular solvents are being formed. 

Supramolecular solvent for extraction of compounds have mainly been applied on 

environmental and biological liquid samples. Since SUPRAS have both hydrophobic and 

hydrophilic parts, there are regions of different polarities where a variety of analytes can 

interact. The number of binding sites (= the amount of amphiphiles), determines the extraction 

efficiency along with the binding energy of the SUPRAS (ionic > hydrogen bond > dipole-

dipole). By changing the amphiphiles chain length or functional group, the size of the 

coacervate droplets and what analyte that will be extracted can be altered (Ballesteros-Gómez, 

Sicilia and Rubio, 2010).  

Instances of previous applications are extraction of cationic surfactants (dialkyldimethyl, 

alkylbenzyldimethyl and alkyltrimethyl ammonium) from sewage sludge. Since these 

compounds strongly retain to the negatively charged organic matter in sludge, it can take up to 

a week for the extraction to be successfully performed using organic solvent extractions, but 

researchers have managed to perform extraction in one hour using dodecylsulphonate-based 

SUPRAS with recoveries ranging from 91% to nearly 100% (Merino, Rubio and Perez-Bendito, 

2003). Another example is the octanol-based SUPRAS for extraction of veterinary medicines 

(oxolinix acid and flumequine acid) in fish samples where recoveries were between 99-102% 

(Costi, Sicilia and Rubio, 2010). Other solvents that have been used for SUPRAS extractions 

are, for examples, decanoic acid in THF and H2O (for extraction of bisphenol A in canned fruit 

and vegetables), Triton X-100 and cetyltrimethylammonium bromide (for extraction of an 

anionic dye called Orange II) as well as sodium dodecane sulfonic acid and 4.2 M hydrochloric 

acid (HCl) (for extraction of vitamin E in water samples), as reviewed by Ballesteros-Gómez 

et al. (2010).  Previous experiments for extraction of PFASs using supramolecular solvents have 

been made using hexanoic acid-based SUPRAS to extract PFASs from blood serum; recoveries 

ranged from 75-89% for C6-C14 PFASs (Luque et al. 2012). Initial spike experiments with 

SUPRAS for the extraction of PFASs in water have been carried out by a research group in 
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Spain showing good initial results (good recovery) for long-chain PFASs (see Table 7 in 

Appendix). 

1.4. Aim 

The aim of this project was to compare two different methods for the extraction of PFASs in 

water samples. The two methods used were the commonly used solid phase extraction (SPE) 

method and a newly developed method using supramolecular solvents (SUPRAS). A 

comparison was made to see if the less time consuming and considerably more environmentally 

friendly SUPRAS method can be an alternative sample preparation method for the extraction 

of PFASs in water samples. Both methods were applied to surface water samples from one 

military airport (Bråvalla), one hard chromium plating facility (Iggesund) and downstream from 

a hazardous waste management facility (Näsbygraven and Frommestabäcken) as well as 

solutions containing commercial PFAS salts (PFOS and PFOA) prepared in Milli-Q water of 

unknown concentration. Furthermore, spiking experiments with Milli-Q spiked with native 

compounds of different concentrations were also performed using the developed SUPRAS 

method with some modifications. The methods were evaluated based on method detection 

limits (MDL), recoveries, matrix effects and repeatability. 

2. Materials and Methods 

2.1.  Materials 

The materials used were Millipore filtration system, vacuum pump from Gast manufacturing 

(Michigan, USA), glass microfiber filter (pore size 1.2 µm and D 47mm) from Whatman 

(Maidstone, United Kingdoms), Oasis weak anion exchange 6cc cartridges 150mg 30µm from 

Waters Corporation (Milford, USA) and polypropylene tubes from Sigma-Aldrich 

(Switzerland). Also, SPE reservoirs from Agilent Technologies (Santa Clara, USA) and 

Supleco, Sigma-Aldrich (Bellefonte, USA) and LC-vials with and without inserts, 12x32mm, 

glass, screw neck, from Waters Corporation (Milford, USA) were used during the study. 

Acquity Ultraperformance Convergence chromatography (UPC2) system with a Torus DIOL 

column, 3.0 mm inner diameter, 150 mm length, 1.7 µm particle size from Waters Corporation 

(Milford, USA) and Acquity UPLC BEH C18 1.7µm, 2.1x100mm column from Waters 

Corporation (Milford, USA) were used for analysis. 

2.2. Chemicals and reagents 

The chemicals and reagents deployed in this study were methanol from Fisher Scientific 

(Bishop, United Kingdoms), Milli-Q water, deionized water, ammonium acetate from Sigma-

Aldrich (Darmstadt, Germany), acetic acid purchased from Merck (Darmstadt, Germany), 

ammonium hydroxide from Fisher Scientific (Bishop, United Kingdoms), tetrahydrofuran from 

Sigma-Aldrich (Darmstadt, Germany), heptanol from Acros Organics (New Jersey, USA) and 

nitrogen gas. Analytical standards of native PFAS, 13C mass labelled internal standard (IS) as 

well as 13C mass labelled recovery standard mix (RS) (see Table 8 in Appendix for details) were 

obtained from Wellington Laboratories (Guelph, Ontario, Canada). 

 

 

https://www.google.se/search?rlz=1C1AVNE_svSE648SE649&biw=1517&bih=735&q=Maidstone+Storbritannien&stick=H4sIAAAAAAAAAOPgE-LSz9U3MDHOzc0wUOIEsQ0ti8oKtLSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFACC-o9FFAAAA&sa=X&ved=0ahUKEwiSy8ivz6zYAhXBalAKHVqXDyQQmxMIoAEoATAN
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2.3.  Sample preparation 

2.3.1. Filtration 

Before extraction of the PFASs, the water samples, including process blanks, were filtered. All 

sample containers were ultrasonicated for 10 minutes prior to filtration so that the target 

compounds did not stick to the inner surface of the sample containers. The filtration system 

used was a Millipore filtration system connected to vacuum pump with glass microfiber filters 

(1.2 µm). The system was washed using first deionized water, then methanol (MeOH) and 

finally Milli-Q water. The filters were washed with Milli-Q and placed on the filtration system. 

Between each sample, the filtration unit was washed thoroughly using deionized water, MeOH 

and Milli-Q. 

2.3.2 Solid phase extraction 

The method used was ISO25101 (ISO25101, 2007) with some alterations. Water samples were 

extracted by weak anion exchange solid-phase extraction (WAX-SPE) (Water Oasis WAX). 

All SPE accessories were rinsed with MeOH. Details regarding the preparation of acetate buffer 

solution, pH 4, acetate solution, 0.1% NH4OH in MeOH solution, 1 % formic acid in MeOH 

solution and 1 % NH4OH in MeOH solution can be found in Appendix. The cartridges were 

cleaned with 12 mL 1 % NH4OH in MeOH, then 3 mL of MeOH and 6 mL of 1 % formic acid 

in MeOH. The cartridges were then conditioned with 3 mL of MeOH followed by 3 mL of 

Milli-Q water. Procedural blanks, a Milli-Q water reference sample with native compounds 

added, samples of commercial salts and high contaminated samples (70 mL; i.e., samples from 

one military airport (Bråvalla), one hard chromium plating facility (Iggesund) and solutions 

containing commercial PFAS salts (PFOS and PFOA) prepared in Milli-Q water of unknown 

concentration) as well as low contaminated samples (500 mL; i.e., downstream from a 

hazardous waste management facility (Näsbygraven and Frommestabäcken) were loaded onto 

reservoirs attached onto the cartridges. All samples were spiked with 10 µL internal standard 

(IS) containing 13C mass labelled PFASs (0.2 ng/µL) prior to extraction. The reference sample 

was also spiked with 10 µL native standard containing native PFASs (0.2 ng/µL). The samples 

were set to pass at a speed of ~1 drop/second. After loading the samples, 4 mL of the acetate 

buffer was used to wash the cartridges, and the cartridges were then dried under vacuum for 30 

min. Two fractions were collected, one containing neutral PFASs and one containing ionic 

PFASs. The first fraction, hereby referred to as F1, containing the neutral analytes, was eluted 

using 4 mL of MeOH and the second fraction (F2) containing the anionic PFASs, was eluted 

using 4 mL of 0.1 % NH4OH in MeOH. The fractions were collected in 15 mL polypropylene 

tubes. The samples were placed under a gentle stream of N2 gas and evaporated to 

approximately 1 mL, then transferred to LC-vials and evaporated to approximately 200 µL. The 

samples were removed from the gas stream and spiked with 10 µL mass labelled standard (0.2 

ng/µL). To the vials containing the neutral fraction (F1), 200 µL of MeOH and 100 µL of 2 

mM NH4Ac mobile phase were added and aliquots of 10 µL were injected in the UPLC system 

for analysis. Of the ionic fraction (F2), 50 µL was transferred into separate vials and aliquots 

of 2 µL were injected in the UPC2 system for the quantifications of C1-C5 PFASs 

(trifluoroacetic acid (TFA), perfluoropropanoic acid (PFPrA,) perfluorobutanoic acid (PFBA), 

perfluoropentanoic acid (PFPeA), perfluoromethane sulfonate (PFMeS), perfluoroethane 
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sulfonate (PFEtS), perfluoropropane sulfonate (PFPrS), perfluorobutane sulfonate (PFBS) and 

perfluoropentane sulfonate (PFPeS)). To the remaining 150 µL of F2, 225 µL of 2 mM NH4Ac 

mobile phase was added and aliquots of 10 µL were injected in the UPLC system for the 

quantifications of C6-C18 PFASs. 

2.3.3. Supramolecular solvent extraction 

In this study, heptanol-based SUPRAS was synthesized to perform the extraction of PFAS from 

water samples. When adding water to a solution of heptanol in tetrahydrofuran (THF), the 

previously mentioned (section 1.3) self-assembly process is promoted and coacervate droplets 

are formed. The droplets have a slightly lower density than the solution in which they are 

formed which leads to separation from the bulk solution as a supernatant. The SUPRAS can 

then be removed and injected onto the chromatographic system.  

The apparatus was rinsed with MeOH. The following method is hereby referred to as Method 

1. The heptanol-based SUPRAS extraction of water samples was performed in glass flasks with 

a narrow neck (see figure 8 in Appendix) enabling collection of the low volume SUPRAS phase. 

To the glass flasks, a magnetic stir bar was added followed by 0.3 mL of 1-heptanol and 15 mL 

of tetrahydrofuran (THF). The flasks were pre-weighed and approximately 60 mL of sample 

was added. The sample volume was recorded by weighing the flask again. The flasks were 

covered with aluminum foil after addition of 10 µL internal standard (0.2 ng/µL) and then 

stirred for 30 min followed by centrifugation for 5 min at 2000 rpm. By measuring the height 

of the upper SUPRAS phase and the inner diameter of the narrow neck, the cylinder volume 

and thereby the SUPRAS volume could be calculated. Of the SUPRAS phase (215 µL), 100 µL 

was transferred into LC-vials with inserts and 10 µL of recovery standard (0.2 ng/µL) was 

added before injection onto the chromatographic system. To perform spiking tests the method 

was slightly changed, hereby referred to as Method 2. To 15 mL polypropylene tubes, 0.6 mL 

1-heptanol, 2.5 mL THF and 10 mL Milli-Q water was added. The Milli-Q spiking experiments 

with native standards was performed as described in Table 1. Two procedural blanks containing 

50 µL of internal standard (added prior to extraction), 5 µL of recovery standard (added post 

extraction) in Milli-Q water were included. The tubes were vortexed for 30 seconds and 

centrifuged for 5 min (2000 rpm) to yield phase separation, and 100 µL of the SUPRAS phase 

was transferred to LC-vials with inserts and aliquots of 2 µL and 5 µL were injected onto the 

UPC2 system for analysis of C1-C5 compounds and the UPLC system for analysis of C6-C18, 

respectively. 

Table 1: The compositions and concentrations of the different spiked Milli-Q samples extracted 

in polypropylene tubes using SUPRAS Method 2.   

 

Time of spiking Native Standard (µL) Standard of Ultra-short PFASs (µL) Concentration (pg/µL)

1 Prior extraction 50 50 8.65

2 Prior extraction 100 100 17.3

3 Prior extraction - 500 86.5

4 Post extraction 5 5 10

5 Post extraction 10 10 20

6 Post extraction - 50 100
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2.4. Instrumental analysis 

2.4.1. Ultra-Performance Liquid Chromatograph coupled to a tandem mass 

spectrometer  

For the analysis of C6-C18 PFASs (see Appendix for details) an Acquity Ultra-Performance 

Liquid Chromatograph (UPLC) coupled to a Xevo TQ-S tandem mass spectrometer (MS/MS) 

from Waters Corporation (Milford, MA, USA) was used. The machine was operated in a 

negative electrospray ionization mode. To achieve chromatographic separation an Acquity 

UPLC BEH C18 1.7µm, 2.1x100mm column was kept at 50 °C. Mobile phase A consisted of 

70:30 H2O: MeOH with 2 mM NH4Ac and 5 mM 1-MP. Mobile phase B consisted of 100 % 

MeOH with 2 mM NH4Ac and 5 mM 1-MP. The flow rate was set to 0.3 mL/min. The capillary 

voltage was set to 0.70 kV, the source temperature used was 150°C, the cone gas flow was 150 

L/Hr, the desolvation temperature was 400°C, the desolvation gas flow was set to 800 L/Hr, the 

collision gas flow was 0.2 mL/min and the nebulizer was at 6.5 bar. 

 

2.4.2. Ultra-Performance Convergence Chromatograph coupled to a tandem mass 

spectrometer  

 

For the analysis of C1-C5 PFASs (see Appendix) PFASs, an Ultra Performance Convergence 

Chromatograph (UPC2), coupled to a Xevo TQ-S tandem mass spectrometer (MS/MS) (Waters 

Corporation, Milford, MA, USA) was used. This system was operated in negative electrospray 

ionization mode. The column, (Acquity UPC2 Torus DIOL column, 3.0 mm inner diameter, 

150 mm length, 1.7 µm particle size, from Waters (Milford, USA)) was kept at 35°C. 

Supercritical CO 2 was used as mobile phase A and mobile phase B consisted of 0.1% NH4OH 

in MeOH. To prevent overpressure a flow gradient was used: initially 1.3 mL/min, then it was 

decreased to 0.8 mL/min in 8 min and held for 1 min and finally increased to 1.3 mL/min in 1 

min. The active back pressure regulator was set to 1500 psi and the MeOH make-up flow was 

set to 0.5 mL/min.  

2.5. Quality Assurance and Quality Control 

For quantification of the surface water samples from one military airport (Bråvalla), one hard 

chromium plating facility (Iggesund), downstream from a hazardous waste management facility 

(Näsbygraven and Frommestabäcken) as well as solutions containing commercial PFAS salts 

(PFOS and PFOA) prepared in Milli-Q water of unknown concentration, 13C mass-labelled 

internal standards were used. Procedural blanks using Milli-Q water for each method as well as 

a reference sample with native compounds added in SPE analysis were analyzed to ensure that 

there was no contamination. The blanks were also used to calculate the MDL. The MDL was 

calculated as the average of the concentration in the blanks times three.  

 

To evaluate the recovery of the method, duplicate samples were used; one of the duplicate 

samples (pre-spike sample) was spiked with mass-labelled standards before extraction, while 

the other (post-spike sample) did not spike with any mass-labelled standards until after 

extraction. The recoveries were evaluated by comparing the peak area of the mass-labelled 

standards of pre-spike sample to those of the post-spike sample. Values between 50-120% 
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were considered acceptable and values above and below are also reported but with an asterisk. 

The recovery for the SUPRAS Method 2 (applied to Milli-Q samples spiked with native 

compounds) was calculated by dividing the signal of the samples spiked pre-extraction with 

the samples spiked post-extraction. The matrix effect was assessed by comparing the average 

sample recovery standard signal to the recovery standard signal of the batch standard; they 

were reported in percentage. The relative standard deviation (RSD) of internal standard 

signals in the blanks were used to evaluate repeatability.   

2.6. Quantification of PFASs in water samples 

Batch standards were prepared for each method and used for quantification. The SPE batch 

standards contained 10 µL of CS (0.2 ng/µL), 10 µL of C2-C3 native standard (0.2 ng/µL), 10 

µL of IS (0.2 ng/µL) and 160 µL of MeOH. Two concentrations were prepared for the SUPRAS 

batch standards. The first one with a concentration of 10 pg/µL containing 5 µL of CS (0.2 

ng/µL), C2-C3 (0.2 ng/µL), IS (0.2 ng/µL) and RS (0.2 ng/µL) as well as 80 µL of SUPRAS. 

The second one had a concentration of 20 pg/µL and contained 10 µL CS (0.2 ng/µL), C2-C3 

(0.2 ng/µL), IS (0.2 ng/µL) and RS (0.2 ng/µL) as well as 60 µL of SUPRAS. Due to lack of 

authentic standard for perfluoromethanol sulfonate (PFMeS) (a possibly discovered analyte), 

quantification was done assuming an extraction and ionization efficiency equivalent to that of 

PFEtS. Quantification was performed using the Masslynx 4.1. software from Waters. See Table 

9 in Appendix for details regarding the standards and what compounds that were analyzed.  

3. Result and Discussion 

3.1. Solid-phase extraction and supramolecular extraction of PFASs in water 

Extraction of PFASs in water samples were carried out using both WAX-SPE and SUPRAS 

methods, and the two methods were compared in terms of detection limits, recovery, matrix 

effects and repeatability.   
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Figure 2: Recovery results (%) from extraction of PFASs using solid phase extraction and 

SUPRAS. Red line indicates the range of acceptable recovery (50-120%). Green bars show 

the recovery for SPE, whereas blue bars show recovery for SUPRAS. PFBA, PFPeA and 

PFBS were analyzed using UPC2 and the other PFASs were analyzed using UPLC. 

The detailed values of the recovery results can be found in appendix (Tables 10-11). The 

results for SPE show good recoveries for short-chain PFASs (PFBS, PFBA, and PFPeA); 

their recoveries ranged between 81-128% (Table 10, Appendix). For longer chain PFASs, the 

solid phase extracted samples decrease in recoveries (Figure 2). The reason behind the 

difficulty to extract the long chain PFASs using solid phase extraction might be due to lack of 

washing step that some long-chain PFASs were still adsorbed onto the wall of the reservoir.  

As for the SUPRA, the recoveries of the short-chain PFASs are not as good as the SPE 

method; C4- C8 PFASs had recoveries below 40 % and even as low as 0,2 % (see Table 11 in 

Appendix). One noticeable trend for the SUPRAS extractions seems to be that with increasing 

chain length, the recoveries increase to some extent (Figure 2). The SUPRAS internal 

standards have good recoveries for C7-C14 PFASs, ranging from 39-135%. The longest 

analyzed internal standard (C16), the perfluorohexadecanoic acid (PFHxDA) had on the other 

hand lower recoveries at approximately 42%. This could also be due to chromatographic 

difficulties when analyzing this long chain compound. The two fluorotelomer sulfonates (4:2 

FTSA and 6:2 FTSA) also display very low recoveries, perhaps since they are polyfluorinated 

which might affect the interaction mechanism of the SUPRAS extraction. The recoveries of 

SPE, in general, are better than those of the SUPRAS (Figure 2). In order to have SUPRAS a 

feasible option, recoveries of 50-120% are needed. The reason behind the low recovery of the 

short-chain PFASs in the SUPRAS extraction is probably, because the short-chain PFASs are 

more polar and thereby may be more retained in the water phase.  

One interesting aspect is that the results for FOSA, see figure 2, the only neutral compound, is 

good for both SUPRAS and SPE extraction. This is most likely due to it being neutral and 



13 
 

thereby more easily extracted from the water phase into the SUPRAS phase. This indicates 

that heptanol-based SUPRAS might be very useful when extracting neutral analytes.  

A lot of the recoveries for the supramolecular extracted samples are lower than what would be 

preferred. The majority of PFASs expected to be found in water samples are not long-chain 

PFASs. Thereby the preferred method, when only taking recovery into accounting, would be 

using the WAX-SPE. By using SPE, short-chain PFASs and most other chain lengths, are better 

ensured to have a good extraction efficiency.  

During the extraction of PFASs in water samples using the SUPRAS method, some samples 

seemed to prevent the SUPRAS phase from being formed. Therefore, some water samples 

(collected from a downstream of a hazardous waste management facility (Näsby) and a hard 

chromium plating facility (Iggesund)) could not be analyzed using SUPRAS. Pictures of the 

sample preparation can be found in Appendix (Figure 7). The reason behind this was reflected 

on and factors such as pH of the water (ideal pH for extraction using SUPRAS is pH 4), 

centrifugation time and force as well as possible evaporation of THF before SUPRAS phase 

formation was considered. With the spiked Milli-Q samples (Method 2), the SUPRAS phase 

was effortlessly formed with a volume of 1150 µL. This led to the hypothesis that some of the 

environmental water samples might contain high concentration of particles, metals or chemicals 

that interfered with the SUPRAS phase formation. Additional experiments to determine metal 

content is suggested to be performed in order to draw better conclusions regards SUPRAS 

formation in samples with high metal content (might be the reason behind the failure of 

SUPRAS phase formation in the hard chromium plating facility sample, Iggesund). Another 

suggestion for future experiments is also to try to filter the samples with filters of smaller pore 

size (smaller than 1.2 µm, which was used for this project) before extraction to make sure that 

no particles can interfere with the SUPRAS phase formation (as might be the reason behind the 

failure of SUPRAS phase formation in the sample collected downstream from a hazardous 

waste management facility, Näsby).  

The recovery of supramolecular solvents for extraction of PFASs in water was also therefore 

investigated by series of spiking experiments using Milli-Q water (Method 2). As shown in 

Table 2 the recoveries are similar to those in Table 11 in Appendix (Table 11 displays recovery 

for IS in environmental samples, using Method 1 for extraction with SUPRAS). 
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Table 2: Recoveries (%) of Milli-Q water samples spiked with native compounds using SUPRAS 

Method 2 for extraction at three different concentrations (1=10 pg/µL, 2=20 pg/µL and 3=100 

pg/µL). Sample 3 was spiked with only ultra-short chain compounds (C2-C3), other analytes 

results are therefore not reported. PFBA, PFPeA and PFBS were analyzed using UPC2 and the 

other PFASs were analyzed using UPLC. 
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Figure 3: Recoveries of native compounds spiked into Milli-Q samples extracted with 

supramolecular solvents. C2-C5 is analyzed using UPC2 and C6-C18 is analyzed using UPLC. 

Red line indicates the limit for acceptable percentage (50%). 

Figure 3 demonstrates that the short-chain PFASs show very low recoveries (around 2-30%, 

Table z). The reason behind this is suggested to be because of the polarity of the short-chain 

PFASs. This leads the PFASs to be strongly retained in the water phase and not being extracted 

into the SUPRAS phase. As shown in Figure 3, the recovery seems to follow the same trend for 

the Milli-Q samples spiked with native compounds (SUPRAS Method 2) as for the other 

(environmental samples extracted using SUPRAS Method 1) SUPRAS samples, with 

increasing recoveries for increasing carbon chain length.  
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Table 3: Method detection limit for solid phase extraction (SPE) and supramolecular solvent 

extraction (SUPRAS extraction). Based on average blank concentration (ng/L) times three for 

SPE blanks and concentration (ng/L) times three of the single SUPRAS blank. C1-C5 is 

analyzed using UPC2 and C6-C18 is analyzed using UPLC.   

 

 
 

Figure 4: Method detection limit (MDL) presented in ng/L. Green bars are results from SPE 

and blue bars are results from SUPRAS. SUPRAS results for C2-C5 carboxylic acids, C1-C3 

sulfonic acids and 4:2 FTSA, 6:2 FTSA, 8:2 FTSA are excluded in figure due to very low 

recovery (<10%). C1-C5 is analyzed using UPC2 and C6-C18 is analyzed using UPLC.  
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The MDLs were calculated as average concentration of blanks times three. The SPE MDLs 

ranged from 0,001-6,5 ng/L and the MDLs for the SUPRAS blank ranged from 0,001-11000 

ng/L (Table 3). The reason behind the high concentration MDLs of TFA, PFPrA, PFBA, PFPeA 

(Table 3) are explained by their internal standards PFBA and PFPeA; these internal standards 

show very low recovery (Table 11 in Appendix). Since the recoveries of these internal standards 

are so low and they are used as surrogate for TFA and PFPrA, the detection limits are very high 

(Table 3). Therefore, they are excluded in Figure 4. The SUPRAS MDLs are overall higher 

than the SPE MDLs (Figure 4).  

 

Table 4: Calculated matrix effect (%) based on average signal of recovery standards in the 

samples compared to the signal in the batch standard. If the result is 100%, the signal is not 

affected by the matrix. PFBA and PFPeA are analyzed using UPC2 and the other PFASs in the 

table have been analyzed using UPLC. SUPRAS samples are from SUPRAS method 1. 

 

 

Figure 5: Matrix effect. The SPE extracted sample compared to the SUPRAS extracted samples 

(Method 1). Green bars are SPE samples and blue bars are SUPRAS samples. If the results are 

100 %, the signal is not affected by the matrix, red line indicates 100 %. PFBA and PFPeA are 

analyzed using UPC2 and the other PFASs in the table have been analyzed using UPLC. 
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The matrix effect can be theoretically calculated using the signal of the recovery standards in 

the samples compared to the signal of the recovery standards in the batch standard. A value 

below 100 % indicates that the matrix of the sample suppresses the signal and a value above 

100 % indicates that the matrix of the sample enhances the signal. The overall trend for the SPE 

samples seems to be that the signal is slightly suppressed by the sample matrix (Figure 5). For 

the SPE method, two compounds (PFPeA and 4:2 FTSA) are above 100 %, meaning the signal 

have been enhanced by the sample matrix. The overall trend for the SUPRAS samples 

(indicated in blue bar Figure 5) seems to be that the sample matrix enhances the signal. The two 

compounds suffering exceptions of high matrix effects are PFBA (C4) and PFPeA (C5), the 

two short-chain PFASs which have a matrix effects of 59% and 95% respectively. The 

SUPRAS Method 2 had Milli-Q water as sample matrix and should therefore not have any 

matrix effect. When studying the results (Figure 5 and Table 4), the preferred method should 

be SPE since it seems to generally differ less from 100% compared to the results of 

supramolecular solvent extraction. 

Table 5: Calculated relative standard deviation (RSD, %) based on average signals of the 

recovery standards in samples compared to the signal in the batch standard. SPE n=4, 

SPIKED-SUPRAS n=2 (Method 2). 

 

When looking at repeatability, the relative standard deviation (RSD) was compared. The RSD 

is presented in percentage and based on the signals of the internal standards in the blanks. A 

low RSD value means a small spread in results from replicate blank samples and indicates 

good precision of data. The results from the SPE (n=4) show RSDs ranging from 8% to 51% 

with a mean value of 18% (Table 5). The RSD could not be calculated for the environmental 

SUPRAS samples (method 1 samples) due to lack of replicate of blank samples (only one 

blank was collected for SUPRAS Method 1 due to the extraction was done in another lab once 

(in Linköping) with a limited of time). Therefore, the RSD was calculated for the native 

compounds spiked into Milli-Q samples (SUPRAS Method 2) (Table 5) (n=2). Since the 

spiked samples that were extracted with SUPRAS method 2 did not contain any internal 

standards (they were measured against each other instead of against IS), the RSD for the 

spiked samples are based on the signals of the native standards.  The RSD ranged from 18-
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85% with a mean value of 38 %, as compared to an inferior value to the SPE mean value of 

18 % (Table 5) leading to the conclusion that the SUPRAS (heptanol based SUPRAS) used in 

this study are not as efficient as SPE for the extraction of PFAS in water samples. The 

precision, and thereby the repeatability, is better when using solid phase extraction than when 

using supramolecular solvents. More blanks for the environmental samples (using Method 1) 

would be needed to be able to draw a conclusion.  

The results indicate that there are many variables to improve for supramolecular solvent 

extraction of PFASs. For example, the use of other solvents instead of THF or using other types 

of amphiphiles instead of heptanol could be a good starting point for the development of 

SUPRAS as an extraction method of PFASs. Another aspect to improve is to increase the 

concentration factor. At the moment the concentration factor is 288 for the SUPRAS Method 1 

while the SPE has a concentration factor of 500. The SUPRAS methods will only work for 

highly contaminated samples. One aspect to improve the concentration factor could be using 

larger SUPRAS flasks (Figure 8 in Appendix) to be able to analyze less contaminated samples, 

which are in need of greater volume. Another suggestion is to develop a SUPRAS that can be 

evaporated to be able to improve the concentration factor.   

3.2.Comparison of PFAS concentrations in waters between SPE and SUPRAS  

The concentrations of the PFASs in the samples were also compared for the two methods. 

Samples having recoveries below 50% or above 120% are not reported. 
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Table 6: Concentrations (ng/L) of PFASs for SPE and SUPRAS Method 1. The values that are 

not reported had poor recovery (<50%, >120%). C1-C5 have been analyzed using UPC2 and 

C6-C18 have been analyzed using UPLC. Since the samples collected from Iggesund and Näsby 

as well as the sample called PFAS solution A x 10 dilution could not be extracted using 

SUPRAS, they are not displayed in the table.  

 

In Table 6 one can observe that not many values could be calculated for the SUPRAS since 

the recoveries were too low or the values fell below MDL. Since the samples collected from 

Iggesund and Näsby as well as the sample called PFAS solution A x 10 dilution could not be 

extracted using SUPRAS, they are not displayed in Table 6. Similar levels in the Frommesta 

and PFAS solution A samples can be observed for the SPE and the SUPRAS extraction 

(Table 6). In the sample collected from Frommesta, the level of PFHxS was observed to be 19 

ng/L for the SPE and 18 ng/L for the SUPRAS and the level of PFHpS was 1.5 ng/L for SPE 

and 1.0 ng/L for SUPRAS. The level of PFOS in the Frommesta sample was 63 ng/L for SPE 

and 58 ng/L for SUPRAS and the level of FOSA in the same sample was 0.8 ng/L for SPE 

and 0.1 ng/L for SUPRAS. The concentrations calculated for the PFAS solution A sample are 

(as with the Frommesta sample) similar between SPE and SUPRAS extraction. The level of 

PFHxS was 0.4 ng/L (SPE) and 3 ng/L (SPE), the level of PFHpS was 4.6 ng/L (SPE) and 3 

ng/L (SUPRAS) and the level PFOS was 220 ng/L (SPE) and 170 ng/L (SUPRAS) (in the 

PFAS solution A sample). However, some discrepancies were observed for the sample 

collected from Bråvalla. The levels observed were for PFHxS 1900 ng/L (SPE) vs 1000 ng/L 

(SUPRAS); PFHpS 470 ng/L (SPE) vs 280 ng/L (SUPRAS); PFOS 45000 ng/L (SPE) vs 

25000 ng/L (SUPRAS). These values differ a lot for the SPE and SUPRAS. Overall, the 

levels observed from the SUPRAS extraction were lower than the SPE. 
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3.3.Levels and composition of PFAS in water samples 

In Table 6 one can observe that not many values could be calculated for the SUPRAS since the 

recoveries were too low or the values fell below MDL. Therefore, the following section as well 

as Figures 6 and 7 only display the results from the SPE. 

 

Figure 6: PFAS compositions (%) of samples extracted with solid phase extraction (SPE) and 

analyzed with UPLC-MS/MS for C6-C18 as well as an UPC2-MS/MS for C1-C5. 

 

Figure 7: Total concentration of samples extracted using SPE. 

The two most contaminated samples were Iggesund and Bråvalla (Figure 7). In both samples, 

PFOS was found to be the major PFAS in the samples, 45000 ng/L (Bråvalla) and 22000 ng/L 

(Iggesund) (Table 6). The PFOS concentration in the sample Bråvalla is an estimate level due 

to too high concentration outside of the range of the calibration curve. The sample from 

Iggesund was collected near a hard chromium plating facility where PFOS was used as a mist 

suppressant in chromium baths, explaining the high relative concentration of PFOS compared 

to other PFASs (Figure 6). The sample from Bråvalla was collected nearby a military airport, 

contaminated from the use of aqueous film forming foams (Carlsson, A, 2016). As previously 

mentioned, some firefighting foams contained PFOS as a surfactant because of its unique 
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properties. The high concentration of PFOS measured in the sample collected from Bråvalla 

suggest that fire drills using PFOS-containing AFFFs had been carried out that resulted in PFOS 

contamination in the area.  

The two samples (called PFAS solution A and PFAS solution A x10 dilution) containing 

unknown concentrations of commercial salts of PFOS and PFOA clearly shows PFOA being 

the dominant PFAS, contributing to the majority of the total concentrations from the SPE 

(Figure 6). The concentrations of PFOA that were measured were approximately 11000 ng/L 

(PFAS solution A) and 1100 ng/L (PFAS solution A x10 dilution) (Table 6). The third highest 

concentration of PFAS was PFBS (approximately 2100 ng/L, Table 6) and can be found in the 

sample from Iggesund.  

Generally, low concentrations of PFASs were measured in samples collected from Frommesta 

and Näsby (downstream a hazardous waste management facility). However, relatively high 

concentrations (up to 50% of the total PFAS concentration) of perfluoromethane sulfonate 

(PFMeS) were measured with the highest concentration being 150 ng/L (Frommesta) (Table 6). 

Due to the lack of authentic standard, tentative quantification of PFMeS was performed using 

PFEtS as the surrogate standard and isotope dilution assuming equal extraction and ionization 

efficiency with PFBS as the internal standard. To the best of our knowledge, this is the first 

study to report environmental concentrations of PFMeS. This newly discovered ultra-short-

chain PFAS might be of great importance to consider in future analyses. Perfluoromethane 

sulfonate (also known as triflic acid) is used as a catalyst in organic chemistry and in production 

of cocoa butter. 

Different patterns in the homologue distribution are observed from different sites of water 

samples. Out of both of the highly contaminated environmental samples (Bråvalla and 

Iggesund), the major PFAS is PFOS, making up 90-95% of the total concentrations (Figure 

6). As previously mentioned both the samples from Bråvalla and from Iggesund were sampled 

close to facilities that might have used large amounts of PFOS, which is clear when studying 

the results in Figure 6. Regarding the lowly contaminated samples (Näsby and Frommesta) 

the PFAS composition were quite different from those of the highly contaminated samples. In 

these samples there were a lot of ultra-short and short-chain PFASs contributing to the total 

concentrations (Figure 6). PFMeS makes up approximately 50 % of the PFASs in the 

Frommesta sample and 20 % in the sample from Näsby; around 55 % of the Näsby sample is 

TFA. Both of these samples have been collected from downstream a hazardous waste 

management facility. This indicates the importance of including also ultrashort chain 

compounds in environmental studies. Figure 3 shows a clear difference between the highly 

contaminated samples and the lowly contaminated samples. Bråvalla contains the highest total 

concentration followed by Iggesund.  

 

4. Conclusion 

There are many aspects to improve for supramolecular solvent extraction for it to be as effective 

and accurate as solid phase extraction as a water extraction method. In all evaluated aspects 

(recovery, MDL, matrix effect and repeatability), solid phase extraction is to be preferred until 

supramolecular solvent extraction has been improved substantially. The ultra-short and the 



23 
 

short-chain PFASs are important compounds for improvements. The neutral analyte shows 

promising results for extraction (good recovery) using SUPRAS. Since the SUPRAS method is 

a lot more environmentally friendly, because of the use of less solvent and also less time 

consuming, it will be of great value to develop it further. A very significant development aspect 

is to increase the concentration factor. This could possibly be improved by for example using 

larger SUPRAS bottles or creating a SUPRAS that is able to be evaporated so that a larger 

volume of water can be used for extraction and thereby improving the concentration factor. 
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6. Appendix 

Preparation of solutions used in SPE: 

acetate buffer solution, pH 4, 0.1153 g of ammonium acetate was mixed with 60 mL of Milli-

Q. Of that solution 50 mL was mixed with 200 mL of acetate solution, which was prepared by 

adding 0.5 mL of acetic acid to 349 mL of Milli-Q. 0.4 mL of NH4OH (25 %) was added to 

100 mL MeOH to prepare a 0.1% NH4OH in MeOH solution. 4 mL of NH4OH (25 %) was 

added to 100 mL MeOH to prepare a 1 % NH4OH in MeOH solution. To make a 1 % formic 

acid in MeOH solution, 1 mL formic acid was added to 100mL MeOH.  

Table 7: Recovery results from a previous attempt to extract PFASs from spiked Milli-Q 

samples using supramolecular solvents. 

Amphiphile 
Heptanol 

0.3mL
   

THF 15 mL 

Water 62 mL 

SUPRAS Volume 215 uL 

Concentration factor 288 

PFOAcDA c18 79,7 

PFHA c16 87,6 

PFTDA c14 93,2 

PFTrDA c13 87,2 

PFDoDA C12 77,8 

PFUnDA C11 66,3 

PFDA c10 62,4 

PFNA C9 51,6 

PFOA C8 53,7 

PFHPA C7 37,5 

PFHA C6 24,1 

PFPeA C5 (possible contamination 
during preparation) 

60,7 

PFBA C4 (possible contamination 
during preparation) 

122,8 

PFDS80 51,7 

PFOS80 73,6 

PFHS80 51,4 

PFBS80 30,8 
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Table 8: List of analyzed PFASs as well as list of standards used in project. 

 

 

 

 

 

 

 

 

 

 

 

 

Analyzed PFASs Internal and recovery standards Native standard Ultra-short chain standard

TFA IS PFBA PFBA TFA

PFPrA IS PFPeA PFPeA PFPrA

PFBA IS PFHxA PFHxA PFEtS

PFPeA IS PFHpA PFHpA PFPrS

PFHxA IS PFOA PFOA

PFHpA IS PFNA PFNA

PFOA IS PFDA PFDA

PFNA IS PFUnDA PFUnDA

PFDA IS PFTeDA PFDoDA

PFUnDA IS PFDoDA PFTrDA

PFDoDA IS PFHxDA PFTeDA

PFTriDA IS PFBS PFHxA

PFTeDA IS PFHxS PFODA

PFHxDA IS PFOS PFBS

PFOcDA IS 6:2 FTSA PFPeS

PFEtS IS 8:2 FTSA PFHxS

PFPrS IS FOSA PFHpS

PFBS RS PFBA PFOS

PFPeS RS PFPeA PFNS

PFHxS RS PFHxA PFDS

PFHpS RS PFOA PFDoDS

PFOS RS PFNA FOSA

PFNS RS PFDA 4:2 FTSA

PFDS RS PFUnDA 6:2 FTSA

PFDoDS RS PFHxS 8:2 FTSA

4:2 FTSA RS PFOS

6:2 FTSA RS 4:2 FTSA

8:2 FTSA

FOSA

PFMeS

Analyzed PFASs Internal and recovery standards Native standard Ultra-short chain standard

TFA IS PFBA PFBA TFA

PFPrA IS PFPeA PFPeA PFPrA

PFBA IS PFHxA PFHxA PFEtS

PFPeA IS PFHpA PFHpA PFPrS

PFHxA IS PFOA PFOA

PFHpA IS PFNA PFNA

PFOA IS PFDA PFDA

PFNA IS PFUnDA PFUnDA

PFDA IS PFTeDA PFDoDA

PFUnDA IS PFDoDA PFTrDA

PFDoDA IS PFHxDA PFTeDA

PFTriDA IS PFBS PFHxA

PFTeDA IS PFHxS PFODA

PFHxDA IS PFOS PFBS

PFOcDA IS 6:2 FTS PFPeS

PFEtS IS 8:2 FTS PFHxS

PFPrS IS PFOSA PFHpS

PFBS RS PFBA PFOS

PFPeS RS PFPeA PFNS

PFHxS RS PFHxA PFDS

PFHpS RS PFOA PFDoDS

PFOS RS PFNA PFOSA

PFNS RS PFDA 4:2 FTS

PFDS RS PFUnDA 6:2 FTS

PFDoDS RS PFHxS 8:2 FTS

4:2 FTS RS PFOS

6:2 FTS RS 4:2 FTS

8:2 FTS

PFOSA

PFMeS
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Figure 8: Samples that did not form a proper SUPRAS phase (Frommesta, Näsby and 

Iggesund), sample that did form a proper SUPRAS phase (Blank) and the look of the glass 

SUPRAS flask with narrow necks.  



29 
 

 

Table 10: Recovery of SPE samples. 

 

Table 11: Recovery of SUPRAS samples Method 1. 

 

 

 

 

 

 

 

Recovery Batch STD  Blank 4    Blank 5  Blank 6  Blank 7 Ref sample  Frommesta  Näsby   Iggesund  Bråvalla PFAS solution A PFAS solution A x10 dilution

PFBA 100 114 128* 119 84 101 97 88 81 110 118 110

PFPeA 88 112 116 108 82 107 87 91 95 93 105 111

PFHxA 102 128* 132* 123* 91 110 122* 96 102 93 140* 125*

PFHpA 92 118 132* 140* 86 101 108 94 109 88 346* 163*

PFOA 100 95 108 110 89 110 107 100 99 100 105 108

PFNA 99 66 85 100 88 105 102 97 59 73 80 78

PFDA 99 66 85 100 88 105 102 97 59 73 80 78

PFUnDA 95 40* 58 67 76 91 76 86 41* 51 38* 52

PFDoDA 89 16* 23* 32* 33* 35* 26* 33* 9* 33* 12* 21*

PFTeDA 110 15* 5* 12* 10* 13* 5* 4* 4* 17* 3* 11*

PFHxDA 109 60 2* 7* 4* 8* 3* 1* 6* 13* 1* 18*

PFBS 99 103 137* 120 87 106 87 92 65 121 113 124

PFHxS 106 109 125 101 85 114 96 113 98 101 120 106

PFOS 88 72 86 99 79 98 94 90 72 80 88 87

FOSA 92 92 102 99 100 101 82 111 101 101 76 88

6:2 FTSA 98 275 113 101 82 107 111 101 85 102 75 136*

8:2 FTSA 85 60 79 82 71 88 94 84 38 69 70 61

Recovery of internal standards SUPRAS standard Blank 1 Frommesta Bråvalla PFAS Solution A

PFBA 99 1* 2* 1* 2*

PFPeA 102 0,2* 1* 2* 0,2*

PFHxA 98 40* 37* 37* 37*

PFHpA 98 40* 40* 40* 40*

PFOA 99 40* 39* 40* 40*

PFOS 99 45* 43* 45* 45*

FOSA 114 83 68 82 127*

PFNA 96 54 52 54 54

PFDA 97 61 55 60 61

PFUnDA 111 69 59 76 95

PFTeDA 97 72 63 74 75

PFDoDA 110 79 80 95 135*

PFHxDA 99 45 43 43 43

PFBS 99 42* 39* 39* 39*

PFHxS 97 53 50 52 53

6:2 FTSA 106 2* 3* 3* 4*

8:2 FTSA 105 8* 5* 8* 11*


