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Abstract 

Per- and polyfluoroalkyl substances (PFAS) are a group of highly fluorinated compounds 

which comprises of more than 4700 substances. A smaller number of those substances is rou-

tinely measured, usually the short (C4-C7) and long chain PFAS (>C7). Detection of PFAS in 

different water matrices including wet precipitation have been done previously in a limited 

number of studies, including ultra-short chain compounds (C1-C3). Ultra-short chain com-

pounds have however not been investigated to a larger extent. In this study, twelve rainwater 

samples from Råö have been analysed, each representing a composite sample of one month. 

Long (C8-C18), short as well as ultra-short chain PFAS have been included in the analysis. Long 

and short chain compounds were analysed with ultra-performance liquid chromatography tan-

dem mass spectrometer (UPLC-MS/MS) and ultra-short chain compounds with ultra-perfor-

mance convergence chromatography tandem spectrometer (UPCC-MS/MS). Long and short-

chain PFAS had a total detectable concentration of 5.1-110 ng/L. A seasonal trend was also 

studied, which showed a significant difference when performing a Kruskal Wallis test in meas-

ured total mean long and short chain PFAS concentration. Dunnet´s test indicated a significant 

difference between all the seasons. Highest concentrations were measured during summer and 

lowest during winter. Ultra-short chain compounds analysed by UPCC MS/MS had a total 

concentration between 16-410 ng/L. No significant difference in total ultra-short PFAS mean 

concentration could be seen between different seasons using a Kruskal Wallis test. The total 

PFAS concentration in the rain samples ranged from 28 to 540 ng/L, where ultra-short chain 

PFAS contributed to 58-92 % of the total concentration. Which makes them an important group 

to include in future measurements of PFAS in water samples and especially in rainwater sam-

ples. 
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Introduction  

Per- and polyfluoroalkyl substances (PFAS) include a large group of fluorinated compounds. 

Those compounds exist in various forms with different chain lengths and functional groups. 

Classification can divide them into two main groups: neutral volatile nPFAS which include 

compounds like fluorotelomer alcohols (FTOHs) and perfluoroalkyl sulfonamides and sul-

fonaminoethanols (FASAs/FASEs). The second group is acidic PFAS referred to as perfluoro-

alkyl acids (PFAAs) which includes perfluoroalkyl carboxylic acids (PFCAs) and perfluoroal-

kyl sulfonic acid (PFSAs) (Müller et al., 2012). The nPFAS can, to some extent, be degraded 

to PFAAs. PFAS can also be classified into long chain, short chain or ultra-short chain com-

pounds. Long chain compounds are referred to as PFAS with carbon chains composed of >C7 

for PFCA and >C6 for PFSA (Buck 2011) and short-chain PFCA C4-C7 and PFSA C4-C6. Ultra-

short-chain PFASs are referred to as PFAS <C3.  

 

Regardless of the grouping, PFAS are composed of a carbon chain where the hydrogen atoms 

are replaced with fluorine to different extents. The C-F bond is a strong covalent bond which 

makes PFAS thermally inert (Zhao et al., 2016). Besides high resistance towards heat, PFAS 

are also water as well as oil repellents. They are widely used in many different products, for 

example firefighting foams (Barzen-Hanson and Fields 2015) and non-stick coatings because 

of their unique properties. Usage for many decades has caused a widespread distribution of 

these chemicals in nature, since they are released to the environment during production, usage 

as well as disposal (Ahrens et al., 2014), which creates problems since many of the existing 

PFAS are mobile, toxic, persistent and bioaccumulative (ITRC 2017). Physicochemical prop-

erties of PFAS are in a large extent determined by the length of the carbon chain as well as 

their functional groups. Short chain and ultra-short chain PFAS are in general more mobile and 

hydrophilic. Whereas long chain compounds are more hydrophobic, have substantial bioaccu-

mulation and bind to particles (Higgins and Luthy 2006).   

 

A voluntary phase out of perfluorooctanesulfonyl fluoride (POSF) and PFOS related chemicals 

started year 2000 (3M and EPA 2000). PFOS and PFOS related compounds became part of the 

Stockholm convention on persistent organic pollutants (POP) in 2009 (Stockholm convention 

2009). Another voluntary phase out of perfluorooctanoate (PFOA), precursor chemicals, re-

lated homologue chemicals as well as product content levels of these chemicals where started 

2006. In the framework of the PFOA stewardship program initiated by US EPA in cooperation 

with eight major companies in the PFAS industry (EPA 2009). The goal of this program was 

reduction to 95% in 2010 and elimination of these chemicals in emission and products by 2015. 

This resulted in an introduction of alternatives to PFAS on the global market and today there 

are more than 4700 different PFAS in use (OECD 2018). As a result of the phase out of longer 

chain compounds perfluorobutane sulfonyl fluoride have for example been introduced as alter-

native to perfluorooctanesulfonyl fluoride (POSF) (Olsen et al., 2009).  

 

Sources of the ultra-short-chain compounds have not yet been determined. Photochemical deg-

radation of chlorofluorocarbons is one of the proposed alternatives (Berg et.al, 2000, Wujcik 

et.al, 1999, Luecken et al., 2010). Other possible sources are from use of firefighting foams, 



where levels of ultra-short PFAS recently have been discovered (Barzen-Hanson and Fields 

2015). Detection of ultra-short-chain PFAS have been done in multiple water matrices such as 

rain and snow but they have not been investigated to a larger extent. Possible reasons for this 

lack of investigation are that ultra-short PFAS are less bioaccumulative than the long-chain 

compounds and are therefore not included in the analysis. This can also be related to difficulties 

with analytical chromatography of these compounds using a reverse phase liquid chromatog-

raphy (LC) method. Ultra-short chain PFAS have been documented to contribute substantially 

to the sum of PFAS analysed. In a previous study, ultra-short chain PFAS contributed up to 

40% of the total detected PFAS (Yeung et al., 2017) in a total of four samples.  

 

In order to reduce emissions of PFAS, identification of sources as well as understanding of 

distribution is crucial knowledge (Müller et al., 2012). Four major sources for PFAS are iden-

tified: wastewater treatment plants, landfills, industrial sites and fire training sites (ITRC 2017). 

Sources of PFAAs in aquatic environments, industrial production, application and disposal are 

well studied and identified as important emission sources (Müller et al., 2012). Aqueous film 

forming foams (AFFF) contain PFAS which are released into the environment when they are 

used (Barzen-Hanson and Fields el al. 2015). This can contaminate water as well as soil. Con-

taminated soil and water might experience redox conditions which can oxidize and degrade 

PFAS precursors to PFAAs. Long chain PFAAs are because of its chain length less volatile, 

tend to associate with soil and sediment but are to some extent transported with airborne parti-

cles. Industries can release PFASs in many ways, both on and off site. It can be through 

wastewater, leaks, spills and stack emission. Long as well as short range transport for PFAS 

can be caused by stack emission (ITRC 2017).  

 

PFAS present in particle or aerosol phase are less likely to be transported over a long range 

compared to PFAS vapours. Landfills can also be a source of PFAS through air contamination 

mainly in the form of FTOH and PFBA. An efficient way of removing PFAS from the atmos-

phere is wet or dry deposition (Kwok et al., 2010). Resulting in contamination of terrestrial and 

aquatic systems both close as well as far from the emission source. Which makes it difficult to 

determine if environmental contaminations at Råö are caused by local, regional or remote 

sources. PFAS have been measured in snow as well as in rain samples, both nearby PFAS 

sources and in remote areas. PFAAs are not expected to be found in remote areas due to their 

low volatility as well as high water solubility which does not benefit long range atmospheric 

transport. They have despite this still been detected in remote areas such as the Arctic and the 

Antarctic (Young et al., 2007). Oceanic transport has been postulated as an explanation to this 

which could give a yearly flux. This transport of PFAS would not contribute in a significant 

way to the biota contaminations in those areas. Since oceanic contaminations will end up deep 

in the ocean, whereas PFAS from deposition will be found on the surface. Additional to this 

would also an oceanic transport be estimated to take longer time and therefore create a lag in 

between production and observed contamination. An explanation of these findings is atmos-

pheric oxidation of volatile FTOHs which can lead to degradation and formation of long-chain 

PFAS especially in the form of PFAA (Ellis et al., 2004). 

 



The removal of PFAS contamination from water can be done by advanced techniques, such as 

granular activated carbon filters, which are the most frequently used due to its effective removal 

of PFOS as well as PFOA (Cousin et al., 2016). Problems with decreasing efficiency have been 

seen in removal of shorter chain compounds. It is not possible to remove substances like per-

fluorobutanesulfonic acid (PFBS) and other short-chain PFAS efficiently. This is a problem 

since PFAS can be replaced with short-chain PFASs or substances that can be degraded to 

short-chain PFAA. Those substances will also be spread into water since they absorb less to 

particles and have higher water solubility. They exhibit a high mobility in the environment due 

to their polarity and high water solubility. Ultra-short chain PFAS contamination in water and 

rainwater are interesting to study further since they previously have been detected and studied 

but only in a limited amount. (Kwok et al., 2010, Yeung et al.,  2017, Tainyasu et al.,  2008, 

Jordan et al.,  1999, Ericson Jogsten and Yeung 2017). 

Aim 

The aim of this project was to investigate the occurrence of PFAS in atmospheric wet deposi-

tion to study the contribution of atmospheric transport to environmental contamination. Sea-

sonal trends were also studied over a one-year period from the same sampling site. The study 

included regular monitored PFAS C4-C18 as well as ultra-short PFAS C1-C3. A method optimi-

zation directed towards ultrashort PFAS was also included in the project.  



Method and material  

Sampling and sample handling  

Sampling of rainwater included in this 

study was performed by IVL Swedish En-

vironmental Research Institute from Råö 

located at the west coast of Sweden (Figure 

1). This is one of four national stations 

measuring organic pollutants in wet deposi-

tion and air (Sjöberg et al., 2009). Measure-

ments of PFAS have been performed at Råö 

each month since July 2009. Rainwater 

samples included in this project were col-

lected monthly between January 2016 and 

December 2016 in 1 liter PE-bottles. They 

were then shipped to Örebro University and 

stored in a fridge prior to extraction. 
     

Figure 1. Map of Sweden with sampling location 

for rainwater sampling marked with an arrow.  
             

Chemicals and materials  

All standards that were used for the short and long chain PFAS came from Wellington Labor-

atories. The trifluoroacetic acid (TFA) originated from Sigma-Aldrich, Munich, Germany. Per-

fluoropropanoic acid (PFPrA) and trifluoromethane sulfonic acid (TFMS) was also from 

Sigma-Aldrich but purchased from Oakville, ON, Canada and Stockholm, Sweden respec-

tively.  Potassium salt of perfluoroethane sulfonate was obtained from Kanto Chemical Co., 

Inc., Portland, OR, USA.  Purity for all standards was above 97%. In the study were 35 analytes 

included, see Table 1. For possible comparison to extractable organic fluorine using ion chro-

matography, a large number of individual PFASs were included in the study. 

 

Acetic acid as well as ammonium acetate (purity ≥99.99%) came from Sigma Aldrich. Ammo-

nium hydroxide was prepared from a 25 % solution from Fischer Scientific. HPLC grade meth-

anol from Fischer Scientific were also used (purity 99.99%). 

  



  

 

Table 1. Analytes included in the study and type of instrumental analysis 

Analytes Analysis 

Trifluoroacetic acid (TFA) UPCC-MS/MS 

Trifluoromethane sulfonic acid (TFMS) UPCC-MS/MS 

Perfluoropropanoic acid (PFPrA) UPCC-MS/MS 

Perfluoroethane sulfonic acid (PFEtS) UPCC-MS/MS 

Perfluoropropane sulfonic acid (PFPrS) UPCC-MS/MS 

Pentafluorobenzoic acid (PFBA) UPCC-MS/MS 

Perfluorobutanesulfonic acid (PFBS) UPCC-MS/MS 

Perfluorooctanesulfonamide (FOSA) UPLC-MS/MS 

Perfluoropentanoic acid (PFPeA) UPLC-MS/MS 

Perfluorohexanoate (PFHxA) UPLC-MS/MS 

Perfluoroheptanoate (PFHpA) UPLC-MS/MS 

Perfluoropentane sulfonate (PFPeS) UPLC-MS/MS 

Perfluorohexane sulfonate (PFHxS) UPLC-MS/MS 

Perfluoroheptane sulfonate PFHpS UPLC-MS/MS 

Perfluorooctanoate (PFOA) UPLC-MS/MS 

Perfluorononanoate (PFNA) UPLC-MS/MS 

Perfluorooctane sulfonate (PFOS) UPLC-MS/MS 

Perfluorodecanoic acid (PFDA) UPLC-MS/MS 

Perfluoroundecanoate (PFUnDA) UPLC-MS/MS 

Perfluorononane sulfonate (PFNS) UPLC-MS/MS 

Perfluorodecane sulfonate (PFDS) UPLC-MS/MS 

Perfluorododecanoate (PFDoDA) UPLC-MS/MS 

Perfluorotridecanoic acid (PFTrDA) UPLC-MS/MS 

Perfluorododecane sulfonate (PFDoDS) UPLC-MS/MS 

Perfluorotetradecanoic acid (PFTDA) UPLC-MS/MS 

Perfluorohexadecanoic acid (PFHxDA) UPLC-MS/MS 

Perfluorooctadecanoic acid (PFOcDA) UPLC-MS/MS 

4:2 fluorotelomer sulfonate (4:2FTSA) UPLC-MS/MS 

6:2 fluorotelomer sulfonate (6:2FTSA) UPLC-MS/MS 

8:2 fluorotelomer sulfonate (8:2: FTSA) UPLC-MS/MS 

5:3 fluorotelomer carboxylic acid (5:3FTCA) UPLC-MS/MS 

6:2 fluorotelomer carboxylic acid (6:2FTUCA) UPLC-MS/MS 

7:3 fluorotelomer carboxylic acid (7:3FTCA) UPLC-MS/MS 

10:2 fluorotelomer carboxylic acid (10:2FTUCA) UPLC-MS/MS 

Perfluoroethylcyclohexane sulfonate (PFECHS) UPLC-MS/MS 

 

Quality assurance (QA) and Quality control (QC)  

A quality control (QC) sample was extracted with every batch of samples to ensure the relia-

bility of the results of samples included in the study. A previously analysed rainwater sample 

from Fortum, a hazardous waste management facility, was used as a QC sample. In addition to 



this, three blank samples were also included in each batch of samples. Blank samples were 

included to monitor contamination resulting from the sample preparation procedure. Blank 

samples were used to calculate the method detection limit (MDL), listed in the Appendix, Table 

7A and 8A. The MDL was calculated by taking the average amount from blank samples in one 

batch plus three times the standard deviation. This was then normalized to the sample volume 

of 500 mL. Prior to extraction all samples were spiked with isotopically labelled internal stand-

ards (IS) (see Table 2). Before instrumental analysis, also recovery standard (RS) was added 

(see Table 2), which made it possible to calculate the recovery of the IS.  

Spike test 

A spike test was performed in order to evaluate a method to increase the recovery for ultra-

short chain compounds, especially TFA. TFA was hypothesised to form ion-pairs with basic 

compounds in the environment.  Those might not be captured by the cartridge and therefore 

those ion pairs could potentially result in low recovery of TFA even at low pH. The addition 

of acid was expected to increase the recovery by breaking the ion pairs and was tested during 

a spiking experiment. A native standard in form of C1-C3 (Table 2) was used to determine the 

recovery by doing each sample in duplicates where one was spiked before extraction and the 

other one after with volume of 100 µl standard. The sample spike before where then compared 

to the samples spiked after to calculate the recovery. 

 

The samples included in the spike test were: MilliQ (pH 7) one spiked before and one after 

extraction with native standard, ammonium acetate buffer (pH 4) one spiked before an one after 

extraction with native standard, ammonium acetate buffer with three different base:TFA molar 

ratios (0.2:1, 1:1, and 2:1) spiked before and after extraction with native standard and three at 

different acid:base:TFA molar ratios (0.5:1:1, 1:1:1, and 2:1:1) spiked before and after extrac-

tion with native standard. A non-spiked blank was also included. In the second spike test three 

blanks were included.  

 

Extraction of water samples were performed with solid phase extraction using Oasis WAX 

(weak anion exchange) (Waters Corporation, Milford, USA) cartridges. The sorbents were con-

ditioned with 4 mL of 0.1% NH4 in MeOH and 4 mL of MeOH followed by 4 mL MilliQ water. 

After the conditioning the samples were loaded (10 mL) onto the WAX cartridges. They were 

washed with 4 mL of MilliQ, followed by 4 mL of ammonium acetate buffer (pH 4) and 4 mL 

20% methanol in MilliQ. Elution was performed with 4 mL of MeOH resulting in fraction one 

(nPFAS). Fraction one was not collected. Fraction two (anionic PFAS) were eluted with 0.1% 

NH4OH in MeOH. After elution the samples were evaporated and transferred to vials and an-

alysed with Ultra Performance Convergence Chromatography tandem spectrometer (UPCC-

MS/MS) for determination of ultra-short-chain PFASs in the spike test. 

Preparation of rain samples 

Samples were sonicated in their sample bottles for 10 minutes and then shaken. Each sample 

was then transferred to a beaker and all bottles were washed with 3 times 3 mL of methanol. 



Samples were then transferred back into the original bottle and shaken. Each sample was 

poured into a new prewashed 500 mL PE bottle. 

Extraction 

Prior to the extraction, the samples were sonicated again for 10 minutes. A volume of 290 to 

500 mL of rainwater was used for all sample extractions. The pH was adjusted to 3 by addition 

of acetic acid based on the hypothesis that addition of acid would prevent ultra-short chain 

compounds from ion-pairing with matrix components. Three blanks were included, which con-

tained 10 mL of MilliQ water. A QC sample were also included which contained 10 mL of 

previously analysed rainwater sample collected close to a hazardous waste management facility 

(Fortum Waste Solutions). All samples, blanks and QC samples were spiked with 50 µL inter-

nal standard (IS), see Table 2. In addition to this, the QC sample was also spiked with 50 µL 

of five different native standard mixtures, see Table 2.  

 

Extraction was performed as previously described for the spike test. However, the cartridges 

were dried under vacuum for 30 min before elution since both fractions were collected. Fraction 

one was eluted with 4 mL of MeOH and collected in 15 mL PP-tubes. Fraction 2 was collected 

in separate tubes by addition of 4 mL of 0.1% NH4OH in MeOH.  

 

Both fractions were evaporated to a volume < 1 mL and transferred to LC vials and evaporated 

further to 500 µL. All the samples where spiked with 10 µL of recovery standard (RS), see 

Table 2. After addition of the RS, 100 µL were transferred from fraction one to new LC vials. 

Whereas from fraction two, 100 µL were transferred from each sample to two new LC vials. 

Those samples were then evaporated further to 40 µL. In the vials containing fraction one was 

40 µL MeOH and 20 µL 2 mM NH4Ac in MilliQ added which gives 80 % MeOH in the final 

extract for analysis of nPFASs. Whereas in half of the vials containing fraction two 40 µL of 

MeOH and 20 µL 2 mM NH4Ac in MilliQ was added which gives 80 % MeOH for analysis of 

ultra-short-chain PFASs using UPCC-MS/MS. In the remaining vials with fraction two, 60 µL 

of 2 mM NH4Ac in MilliQ was added which gives 40 % MeOH in the final extract for UPLC-

MS/MS analysis of PFASs.  

 

With every batch of samples extracted, two batch standards for quantification were prepared. 

Batch standard one was used for quantification of the UPCC samples and batch standard two 

for the LC samples. Batch standard one contained 290 µL MeOH and 100 µL 2 mM NH4Ac in 

MilliQ (80 % MeOH). Batch standard two contained 90 µL of MeOH and 300 µL 2 mM NH4Ac 

in MilliQ (40 % MeOH). Both batch standards were spiked with 10 µL of the same native 

standards as the QC sample and the same IS as all the samples.  As well as 10 µL of the same 

RS as the samples. 

  



 

Table 2. PFAS standards used for spiking samples. 

Type of standard Content Concentration 

Native  PFCA/PFSA/FTSA 0.2 ng/µL 

Native PFPA/PFPiA/FTCA/FTUCA 0.2 ng/µL 

Native DONA, -Cl etc 0.2 ng/µL 

Native PAPs/FOSAA 0.2 ng/µL 

Native TFA/PFPrA/TFMS/PFEtS/PFPrS 0.2 ng/µL 

Native (2nd spike test) TFA/PFPrA/PFEtS/PFPrS 0.2 ng/µL 

Internal  Mixture flask 464 0.04 ng/µL 

Recovery PFCA/PFSA/FTSA 0.2 ng/µL 

 

Instrumental analysis 

A large number of analytes were included in the project to enable study of mass balance anal-

ysis. Analysis of the ultra-short PFAS was performed using an UPCC-MS/MS operated in 

negative electrospray ionisation mode, both from Waters Corporation, Milford, USA. An 

SFC DIOL column was used for separation (3.0 mm i.d., 150 mm length, 1.7 µm particle 

size, Waters Corporation, Milford, MA, USA). The mobile phase A consisted of CO2 and 

mobile phase B of 0.1% NH4OH in methanol. Those were used in a gradient from 98 % to  

60 % CO2. 

 

Analysis of short and long chain PFAS (C4-C18) was performed using an UPLC-MS/MS oper-

ated in negative electrospray ionisation mode, both also from Waters Corporation, Milford, 

USA. Analysis was performed in revered phase with an ACUITY UPLC BEH C18 column 

(1.7 µm, 21 x 100 mm, Waters Corporation, Milford, MA, USA). Mobile phase A was com-

posed of 70 % MilliQ and 30 % MeOH with 2 mM NH4Ac. Mobile phase B was composed of 

100% MeOH with 2mM NH4Ac. Separation was performed using a gradient program. 

Results and discussion  

Quality control samples  

Results of the QC samples showed a relative standard deviation (RSD) between 0.3-88 %  

(0.3-49% excluding 7:3 FTCA and PFDS) for LC analysis in the two batches. The analytes in 

the UPCC had RSDs between 0.6-122 % (0.6-16% excluding TFMS). For some long chain 

PFAS a slightly higher RSD was observed this might be explained by non-homogenised QC 

sample where one of them contained more particles, which affected the concentrations espe-

cially for the longer chain compounds which were adsorbed to particles. The high RSD sug-

gested the low reliability of the method for some compounds.   



Recovery  

All recoveries of the UPCC analysis was in a range between 61 to 152 % except for samples 

from March and October which only had recovery between 1.3 and 4.8 % (Appendix, Table 

3A). Most recovery results were in an acceptable range in both fractions of the UPLC analysis, 

but some were low which gave a large variation of recovery (Appendix, Table 5A). The recov-

ery ranged between 11 and 156 % for fraction two when samples from March and October 

were excluded. March and October samples had recovery between 0.1-3.8 %. Recovery for 

fraction one (FOSA) was between 17-74 % when samples from March and October were ex-

cluded which had recoveries of 0.6 % and 2.7 % respectively. The analytes with low/high re-

covery (out of limit 50-120%) where still included but the results are tentative. Recovery per-

centage of the sample from August were also excluded from the recovery range in fraction one 

which showed a recovery of 130 000%. This was most likely explained by lack of RS after 

examining the obtained peak (Appendix, Figure 5A). The recovery was then calculated by 

comparing the areas of IS in the standard and that in the sample resulting in a recovery of 82%. 

The results from March and October were calculated with external calibration and included 

since a problem could be observed with the internal standard in those samples. Probably caused 

by air in the syringe during spiking. 

Spike test 

In the first spike test the following compounds were detected in the blank samples: Trifluoro-

acetic acid (TFA), trifluoromethane sulfonic acid (TFMS), PFPrA, perfluoroethane sulfonic 

acid (PFEtS) and perfluoropropane sulfonic acid (PFPrS). The concentrations in those blanks 

were in the same range as in the samples. Therefore, the results were not possible to use from 

the first spike experiments. This illustrates the analytical difficulties with these substances be-

ing both extremely water soluble as well as volatile, which means that blanks are easily con-

taminated by ultra-short chain compounds in the surrounding environment during sample prep-

aration, extraction and evaporation. For all sample extractions, method testing and sample anal-

ysis, the lowest blank concentrations were achieved when the extractions were performed when 

few other people were working with PFAS sample preparation in the same laboratory. A pre-

viously used method was applied when preparing the rain samples which included addition of 

acid (see extraction). Based on the hypothesis that addition of acid would prevent ultra-short 

chain compounds from ion-pairing with matrix components sample extraction were performed 

with addition of acid prior to SPE extraction, with poor recovery as a result. The hypothesis 

was also tested in the second spiking experiment. 

 

Results from the second spike test showed a recovery between 65-170 %. One sample was 

excluded since the recovery was twice that of the others’, which might be explained by a spill 

during evaporation (Appendix, Table 1A). Despite the variance of recovery, no difference be-

tween samples containing acid (65-170%) or base (69-154%) could be seen. This might be due 

to low concentrations of acid and base or that the analytes were unaffected by the addition. 

However, further tests are needed to draw any conclusions. Those tests might include addition 

of acid and base at higher concentrations. It is also possible that use of rainwater, representing 



a natural water sample, might contain other components than MilliQ water that will effect for 

example the extraction. 

Total PFAS concentration 

When the results for both long and short chain compounds were added with the ultra-short 

chain PFAS, total PFAS concentrations of 28-540 ng/L were obtained, where the highest con-

centration was detected in July and the lowest in December. Ultra-short chain PFAS contrib-

uted to 58-92 % of the total PFAS concentration (Figure 2) indicating a possible need to include 

these compounds in regular monitoring studies.  

 
 

Figure 2. Percentages of ultra-short chain PFAS in rainwater sample from the Swedish west coast 

relative to long and short chain PFAS in the samples. 

 

Previous measurements at Råö only included PFOS and PFOA (IVL 2019), which in the sam-

ples included in this study only contributes to between 2.1-22 % of the total detected PFAS 

concentration. This indicated that a more extensive analysis is needed to give a more accurate 

representation of the PFAS concentration in rainwater. Especially including ultra-short chain 

compounds since they contributed to such large amount of the total concentration. A previous 

study in Toronto indicated the same thing where 40 % of the total PFAS concentration were 

represented by TFA and PFPrA alone (Yeung et al., 2017).   

 

Looking at the total amount of PFAS reaching the ground in the area of Råö by rain during 

each month gave concentrations between 2100-28000 ng/m2 (Figure 3) (Appendix,  

Table 6A). The calculated PFAS amounts from wet deposition were based on values regarding 

total amounts of precipitation obtained by Swedish Meteorological and Hydrological Institute 

(SMHI 2017). Using these numbers, a yearly amount of 93 000 ng PFAS/m2 have reached the 

area around Råö by wet precipitation. A study performed in four cities located in Japan and 

USA between 2006 and 2007 measured total yearly PFAS concentrations of 11 000 to  

22 800 ng/m2 (Kwok et al., 2010). An explanation to this difference may be that the study in 
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Japan and USA only included C3-C12 PFAS; whereas in this study also C1 and C2 compounds 

were included.  

 

 
Figure 3. Total concentration of PFAS reaching the ground on the Swedish west coast by wet 

precipitation each month in 2016. 

Ultra-short-chain per- and polyfluoroalkyl substances (PFAS) analysed by Ultra 

Performance Convergence Chromatography (UPCC) 

Ultra-short chain PFAS could be detected in all the samples in total concentrations between 16 

and 410 ng/L (Figure 4). All the analytes in the UPCC analysis could be detected in all the 

samples, except for TFMS and PFPrS in December which were below the MDL as well as 

PFEtS and PFPrS in March and October. The sample from July had highest concentration and 

the lowest total concentration was measured in December. The highest individual compound 

concentration for most of the samples was TFA, ranging from 11 to 207 ng/L (Figure 4). But 

in February, June and November, PFPrA was higher in concentrations, ranging from 26 to  

42 ng/L; whereas in July the highest detected concentration was for TFMS at a concentration 

of 150 ng/L. The highest concentration of an individual compound was TFA detected in May 

in a concentration of 207 ng/L. Of all compounds, PFEtS had the lowest concentration for most 

of the samples. With the lowest concentration measured in June in a concentration of 0.9 ng/L 

(Appendix, Table 2A).  

 

TFA had a higher maximum concentration than previously detected concentrations in precipi-

tation in Japan which were in a range of 39.3 to 75.9 ng/L (Taniyasu et al., 2008). Also, for 

PFPrA concentrations in this study were higher than in previously published studies (Taniyasu 

et al., 2008). Possible reason for differences in concentration can be the geographic differences.  

TFA have also been detected in rainwater in east Antarctica, northern Canada, northern Swe-

den, western Ireland, central Poland, New Zealand, China (Beijing, Changchun, Guangzhov), 

North America, California and Nevada (Von Sydow 2000 et al, Zhang et al., 2005, Wang et 

al., 2014, Scott et al., 2006, Wujcik et al., 1999). Those concentrations are measured in a range 
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between 1-2400 ng/L, where most of the samples were in the same range as the samples from 

Råö even if they detected a higher maximum concentration. The samples from northern Swe-

den (9-18 ng/L) were however lower than the samples from Råö (Von Sydow et al., 2000). The 

study from North America also included PFPrA, detected at concentrations of <0.1-2.6 ng/L, 

which were lower than for most of the samples from Råö (Scott et al., 2006). Some of the 

studies also included lake/ground/river water which all contained lower concentrations than the 

rainwater, ranging between 9 and 472 ng/L (Wujcik et al., 1999, Wang et.al 2014). This indi-

cated that TFA transported with air contributed in a large extent to the levels in 

lake/ground/river water.  

 

A previous study of ultra-short chain PFAS have been performed in Sweden where one rain-

water sample from Örebro was analysed and a concentration of 1.4 ng/L of PFEtS was meas-

ured. One snow sample from Örebro was also analysed at concentrations of 2.9 ng/L PFEtS 

and 1.4 ng/L of PFPrS (Ericson Jogsten and Yeung, 2017). Detected concentration in the rain 

samples from Råö were in the same range except for July.  

 

 
Figure 4. Homologue distribution of ultra-short chain PFAS in rainwater samples from the Swedish 

west coast sampled during 2016. The total concentration in ng of ultra-short chain PFAS are added at 

the top of each bar.   

 

The samples were also grouped in to four groups representing each season. Winter was repre-

sented by December, January and February. Spring was represented by March, April and May, 

summer by June, July and August and autumn by September, October and November  

(Figure 5). The total mean concentration of ultra-short-chain PFASs were the highest during 

summer and lowest during winter. During summer, total mean concentration of 188 ng/L were 

detected and for winter 104 ng/L. No significant difference in concentrations could be seen 

between the seasons using a Kruskal Wallis test. The individual compound with the highest 

mean concentration was TFA in a range of 38-108 ng/L during all the seasons except during 
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summer where TFMS had the highest mean concentration measured to 53 ng/L; whereas PFEtS 

had the lowest mean concentration during all seasons except summer in a range of 1.3-3.4 ng/L. 

 

 

 
Figure 5. Seasonal trend of the total mean ultra-short chain PFAS during 2016 at the Swedish west 

coast. 

Long and short-chain PFAS analysis by liquid chromatography 

Long and short chain PFAS were detected in total concentrations between 5.1-110 ng/L (Figure 

6). The detection frequency varied between 8-100 % where PFOcDA had the lowest detection 

frequency; whereas PFBS (UPCC analysis) perfluoropentanoic acid (PFPeA), PFHxA, per-

fluoroheptanoic acid (PFHpA), PFOA, PFNA, PFDA and PFUnDA were detected in all sam-

ples. The results for PFBS and perfluorobutanoic acid (PFBA) were used from the UPCC anal-

ysis due to better chromatography for PFBA (Appendix, Figure 1A and  

Figure 3A) and higher obtained values in for PFBS (both analyses showed good chromatog-

raphy for PFBS Appendix, Figure 2A and Figure 4A). Notable is that the rain sample from July 

is the only sample that had detectable concentrations of all analytes (Appendix, Table 4A). The 

highest concentration was detected in July and the lowest in March. Despite the different con-

centrations, in general, a similar distribution profile can be seen between the PFAS substances 

for all the samples except March, July, October and December (Figure 6). Comparing total 

concentrations between the samples with the similar relationships indicated a higher concen-

tration in samples from May and September, which was an interesting observation since those 

samples contained a larger number of visible particles than the rest of the samples. This is 

consistent with the theory that long-chain compounds are adsorbed to particles. In the LC anal-

ysis, PFOS was the individual compound with highest detected concentration for all the sam-

ples except March, April, May, July and October at concentrations of 3.7-19 ng/L (Appendix, 

Table 4A). March. April, May and October had the highest concentrations of PFBS in a con-

centration of 1.5 and 29 ng/L; whereas July had the highest concentration of 6:2 FTUCA at a 

concentration of 8.2 ng/L. 

0

20

40

60

80

100

120

140

160

180

200

Winter Spring Summer Autumn

C
o

n
ce

n
tr

at
io

n
 [

n
g/

L
]

Season

Seasonal trend ultra short chain PFAS

TFA TFMS PFPrA PFEtS PFPrS



 

   

 
Figure 6. Homologue distribution of PFAS in rainwater samples from the Swedish west coast sampled 

during 2016. The total concentration in ng of long and short chain PFAS are added at the top of each 

bar. 

 

PFAS-11 are PFAS recommended to analyse in drinking water by the National food agency of 

Sweden (Livsmedelsverket 2018). The samples included in this study are not drinking water, 

but the rainwater might end up in lakes. Which makes rainwater a highly interesting source in 

drinking water supply. Especially since some Swedish waterworks use surface water as water 

supply (Swedish Agency for Marine and Water Management 2018). An annual average envi-

ronmental quality standard (AA-EQS) value for PFOS have been established for surface water 

with a limit of 0.65 ng/L (Directives 2000/60/EC and 2008/105/EC). All the measured samples 

exceed that limit, indicating that depending on the flux and size of the river/lake rain can con-

tribute to contaminated surface water. When calculating the amount of PFAS-11, it gave a 

range between 5.0 and 54 ng/L. The total concentration should not exceed 90 ng/L. PFAS-11 

accounted for 51-99 % of the total detected PFAS concentration of the long and short chain 

PFAS. Where July is the only month were less than 94 % of the detected long and short chain 

PFAS are PFAS 11, this indicated that regarding the long and short chain compounds would 

those substances be enough to measure. 
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Previously detected concentrations of PFOS in Råö since the start of monitoring in 2009 have 

been in a range of <0.3-7.5 ng/L (IVL 2019). The highest concentrations measured in this study 

were in September (19 ng/L) and May (15 ng/L). Those samples contained larger amounts of 

visible particles as mentioned before, which might give higher concentrations since PFOS are 

expected to adsorb to particles. February also contained high concentration of  

13 ng/L; however, no visible particles could be seen in this samples. The rest of the samples 

ranged in concentrations between 3.7 and 9.4 ng/L (except March and October which were 

below MDL), slightly higher than previous measurements. The slightly higher concentrations 

obtained in those samples might be caused by contaminations since the blanks had a relatively 

high concentration giving MDL of 2.7-3 ng/L, compared to previously MDL of 0.3 ng/L. Other 

possible explanations for differences in measured concentration between previous and current 

study might be differences during sample preparation such as sonication and methanol rinsing. 

Since both sonication and methanol rinsing will help dissolve PFAS adsorbed to container 

walls and this will especially effect concentration of long chain compounds since they are ad-

sorbed in a larger extent.  

 

PFOA varied between 0.94 and 5.05 ng/L for all samples. Those are in the same range as pre-

vious samples measured in Råö and the United States (IVL 2019, Kyuikim and Kannan 2007); 

whereas higher concentrations have been measured in the Netherlands, China, Sweden and 

Finland (Esuchuzier et al. 2010, Wei et al., 2009, Kalleborn et.al 2004). Similar concentrations 

of FOSA and PFHxA have also been detected in rain samples from Helsinki, Sweden and 

Netherlands (Kalleborn et al., 2004, Esuchuzier et al., 2010).  Measured concentrations of 

PFHpA in Netherlands, China and United States were also in the same range as the samples 

from Råö (Esuchuzier et al., 2010, Wei et al., 2009, Kyuikim and Kannan 2007). 

 

Potential for atmospheric transport of PFAS have previously been studied in rain and surface 

water samples at the Maltese islands. In this study, PFHxS, PFOS PFHxA, PFHpA, PFOA, 

PFNA and PFDA were detected at concentrations ranging from 0.08-9.9 ng/L (excluding 5 

high concentration values in surface water from the 205 samples in that study) (Sammut et al., 

2017). The Maltese islands have no industrial sources of PFAS which can contribute to con-

tamination in surface water, which suggested the main sources to be dust and rain. The surface 

water is not in any way linked to European rivers preventing any contaminations originating 

from them. All the concentrations at the Maltese islands were lower than the ones detected at 

Råö, the biggest difference could be seen in PFOS and PFOA concentrations. The obtained 

concentrations at the Maltese islands were in the same range for most of the PFAS in rain and 

surface water, indicating that rain is a source of contamination even at remote areas such as the 

Maltese islands. (Sammut et al., 2017). Since the concentrations measured at Råö were higher 

they might contribute more to contamination of surface water in a range of 0.13-19 ng/L (ex-

cluding March and October). Atmospheric transport was also proven to be one of the main 

pathways to contamination in Baltic Sea (Filipovic, 2015). 

 

The samples were also grouped in the same way as the ultra-short chain compounds to study 

the seasonal trend. A similar trend as for the ultra-short chain compounds was observed with 



highest mean concentrations during summer and lowest during winter (Figure 7). Summer sam-

ples showed total mean concentrations of 72 ng/L and winter 16 ng/L. When performing a 

Kruskal Wallis test followed by a Dunnel’s test a significant difference of concentration be-

tween all the seasons could be observed. A similar observation has been seen in a previous 

study investigating PFAS in Arctic snow samples (Young et al., 2007), where the highest con-

centration was measured during spring and summer. In that study that the small amount of 

snow falls during the winter might lead to accumulation of pollutants in the atmosphere, and 

those where then washed out by the larger amounts of spring snow. This would however not 

explain the differences in the samples from Råö since the precipitation during winter were in 

the same range as the rest of the year (SMHI 2017). Another possible explanation considered 

in that study may be that atmospheric oxidation of volatile compounds is driven by photochem-

istry, which mainly would give deposition during spring and summer. A study made in Japan 

on wet deposition could however not see any seasonal trends (Kwok et al., 2010).  

 

  

 
Figure 7. Seasonal trend of the total mean PFAS concentration in rainwater samples in each season 

for long and short chain PFAS during 2016 at the Swedish west coast. 

Conclusion 

In this project, the occurrence of PFAS in rainwater samples from Råö in the west coast of 

Sweden were studied. Ultra-short chain compounds were the most prevalent compounds in all 

samples. This indicates the importance of including these compounds when looking at total 
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PFASs in the environment. A seasonal trend was observed for the long and short chain PFAS 

compounds, whereas no significant difference between seasons could be seen for the ultra-

short chain compounds. Previous studies indicate the contribution of atmospheric transport to 

contamination even at remote area such as in the Maltese islands. Where lower levels of long 

and short chain PFAS were detected in rain but still proven to give a major contribution to 

surface water contamination. Which indicates that atmospheric transport of long and short 

chain PFAS contributes to environmental contamination, as confirmed in this study. Regarding 

ultra-short chain PFASs, limited studies have detected higher concentrations in rainwater then 

in lake/ground/river water, which indicates that atmospheric transport contributes to environ-

mental contaminations.  
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Figure 5 Chromatogram from UPLC-MS/MS analysis of neutral fraction of the August sample. 

 

Table 1A. Recovery from the spike test (Base:TFA:acid 1:1:1 excluded in results). 
Recov-

ery 

MilliQ Ammo-

nium  

acerate 

buffer 

Base:TFA 

0.2:1 

Base:TFA 

1:1  

Base:TFA 

2:1 

Base:TFA:acid 

1:1:0.5 

Base:TFA:acid  

1:1:1 

Base:TFA:acid  

1:1:2 

TFA 130 134 155 146 105 90 275 159 

TFMS 131 125 137 140 112 85 296 171 

PFPrA 119 112 112 107 70 66 195 113 

PFEtS 133 132 139 132 110 96 271 147 

PFPrS 134 127 131 140 113 91 283 154 

 

Table 2A. Concentrations of ultra-short-chain PFASs from UPCC analysis, including total 

concentration of these samples. 

 
 

Table 3A. Recovery of isotopically labelled internal standards (PFBA and PFBS) from 

UPCC analysis of rainwater samples. Used for the ultra-short chains since no isotopically 

labelled internal standard were available for those compounds.  

 
 

  

January February March April May June July August SeptemberOctober NovemberDecember

TFA 157 14 47 71 207 18 44 54 82 42 29 11

TFMS 12 8,1 2,8 7,8 16 5,8 149 6,7 15 10 7,5 <LOD

PFPrA 36 42 4,9 35 83 26 17 21 58 6,9 35 3,7

PFEtS 1,3 1,1 <LOD 0,9 2,7 0,9 87 1,3 4,6 <LOD 2,4 1,7

PFPrS 2,1 3,1 <LOD 1,9 3,8 1,8 117 2,5 6,8 <LOD 2,9 <LOD

Total 209 69 54 116 312 53 414 85 166 58 77 16

January February March April May June July August September October NovemberDecember

IS_PFBA 90 61 3 110 88 105 123 120 99 5 65 108

IS PFBS 119 84 1 152 118 135 126 130 138 5 84 110

RSPFBA 90 107 90 83 67 78 124 50 59 125 63 107

RSPFHxS 88 79 84 86 66 81 111 49 44 123 47 100



Table 4A Concentrations for PFAS compounds in rainwater samples from Råö (analytes in-

cluded in LC analysis) as well as detection %. (Substances with grey marking are included in 

PFAS-11).  

 
 

Table 5A Recovery of rain samples from Råö between Januari-December 2016 (UPLC-

MS/MS analysis). 

 
 

 

  

January February March April May June July August SeptemberOctober NovemberDecemberdetection %

PFOSA 0,01 <LOD <LOD 0,01 0,01 0,06 2,91 0,01 0,06 <LOD 0,01 <LOD 67

PFPeA 0,17 0,17 10,24 0,33 0,64 0,16 6,10 0,22 0,35 2,36 0,18 0,08 100

PFBS 0,20 0,22 2,47 <LOD 0,28 <LOD 5,18 0,21 0,45 0,40 <LOD 0,14 75

PFHxA 0,81 0,68 51,25 0,91 2,35 0,57 7,36 0,76 1,84 17,97 0,63 0,83 100

PFHpA 0,52 0,43 50,39 0,66 1,23 0,40 5,74 0,45 0,70 11,40 0,31 0,58 100

PFPeS 0,18 0,22 2,58 0,17 0,26 <LOD 5,69 0,26 0,60 0,29 <LOD 0,14 83

PFHxS 0,81 1,03 9,44 0,67 1,07 0,56 5,71 0,83 1,65 1,96 <LOD 0,81 92

PFHpS 0,34 <LOD 2,35 <LOD 0,56 <LOD 7,37 0,34 0,74 0,96 <LOD 0,37 67

PFOA 1,51 1,58 24,89 1,43 2,33 1,21 6,29 1,35 2,56 14,17 0,95 2,45 100

PFNA 0,42 0,44 14,43 0,45 0,68 0,44 5,56 0,41 0,82 4,81 0,27 0,72 100

PFOS 9,27 12,55 12,53 8,64 15,34 6,25 4,84 9,40 19,38 5,96 6,64 3,72 100

PFDA 0,23 0,20 7,99 0,25 0,57 0,25 4,93 0,17 0,41 2,53 0,13 0,19 100

PFUnDA 0,05 0,05 4,20 0,13 0,23 0,13 1,87 0,08 0,14 1,06 0,03 0,04 100

PFNS <LOD 0,01 <LOD <LOD 0,02 0,02 2,24 0,01 0,01 0,05 <LOD <LOD 58

PFDS <LOD 0,01 0,01 <LOD <LOD 0,01 0,99 <LOD 0,01 <LOD <LOD 0,00 50

PFDoDA 0,02 0,01 1,33 0,05 0,08 0,09 1,12 0,03 0,07 0,81 0,01 <LOD 92

PFTrDA 0,01 <LOD 1,15 0,05 0,07 0,04 1,23 0,01 0,04 0,42 0,01 <LOD 83

PFDoDS 0,001 0,001 0,02 0,002 <LOD 0,003 0,86 <LOD <LOD 0,004 <LOD <LOD 58

PFTDA <LOD <LOD 3,49 <LOD 0,05 <LOD 2,30 <LOD <LOD 3,09 0,01 <LOD 58

PFHxDA <LOD <LOD 1,99 <LOD <LOD <LOD 2,63 <LOD <LOD 5,80 0,02 <LOD 33

PFOcDA <LOD <LOD 8,38 <LOD <LOD <LOD 4,08 <LOD <LOD 1,66 <LOD <LOD 25

4:2FTSA <LOD <LOD 0,04 0,001 <LOD <LOD 4,88 <LOD <LOD 0,02 <LOD <LOD 33

6:2FTSA 0,02 0,07 1,44 0,02 0,05 <LOD 6,07 0,02 0,04 0,88 0,02 0,19 92

8:2:FTSA 0,001 0,07 0,23 0,004 0,004 <LOD 4,27 <LOD 0,002 0,01 0,001 0,002 83

5:3FTCA 0,01 0,02 0,71 <LOD 0,06 <LOD 3,01 0,01 <LOD 0,53 0,01 0,06 75

6:2FTUCA 0,004 0,05 0,22 0,01 0,004 0,01 8,24 0,00 <LOD 0,09 0,01 0,01 92

7:3FTCA 0,02 0,03 0,05 0,01 0,004 0,01 1,79 0,01 0,22 0,12 0,01 <LOD 92

10:2:FTUCA<LOD 0,05 0,65 <LOD 0,07 0,10 2,08 <LOD 0,30 0,05 <LOD <LOD 58

PFECHS 0,05 0,07 0,33 0,04 <LOD <LOD 4,32 0,04 0,13 0,33 0,03 0,12 83

total PFAS 14,7 18,5 220,2 13,9 26,9 10,3 141,6 15,0 32,5 81,4 9,3 10,5

Recovery January February March April May June July August September October November December

IS_PFOSA 65 32 0,6 66 58 73 57 130000 63 2,7 16,9 70

IS_6:2FTSA 156 82 1,5 102 79 120 130 86 62 3,5 141 70

IS_8:2FTSA 50 39 0,4 40 40 42 35 27 36 1,8 47 44

IS_PFBA 85 50 1,9 106 87 85 99 87 79 3,8 104 89

IS_PFPeA 93 58 2,2 91 84 94 107 88 80 3,0 102 95

IS_PFHxA 103 65 1,3 104 99 106 117 98 88 3,5 112 105

IS_PFHpA 88 57 1,1 85 76 96 110 81 87 3,1 92 89

IS PFBS 113 53 1,5 109 100 118 112 105 91 3,1 113 96

IS_PFHxS 97 58 1,1 96 90 103 104 88 85 3,2 106 95

IS_PFOS 94 57 2,7 90 71 93 78 87 69 4,6 97 93

IS_PFOA 96 64 3,2 97 87 96 105 91 79 5,2 108 95

IS_PFNA 94 64 2,1 97 83 99 90 91 76 4,1 107 94

IS_PFDA 95 66 1,1 99 80 104 80 97 75 3,4 112 101

IS_PFUnDA 88 59 0,9 78 58 83 74 80 64 2,6 103 89

IS_PFTDA 29 18 0,1 22 34 24 31 27 21 0,1 24 29

IS_PFDoDA 61 35 0,5 44 40 44 61 48 40 1,4 64 67

IS_PFHxDA 45 39 0,1 38 78 56 19 56 42 0,1 63 11

IS_6:2FTUCA 54 32 0,4 45 36 64 70 59 38 0,8 67 36

IS_10:2FTUCA 37 15 0,2 29 16 25 33 28 15 0,7 30 21

IS_8:2FTUCA 43 22 0,2 47 26 47 49 54 24 1,1 55 30



Table 6A. Temperature (◦C), precipitation(mm), total PFAS concentration in rainwater sam-

ples from Råö, Sweden, collected 2016. 

 
 

Table 7A Method detection limit for long and short chain PFASs in rainwater samples, ana-

lysed by UPLC-MS/MS. 

 
 

  

Month January February March April May June July August September October November December

Temperature(mean) -2 0 3 6 13 17 17 16 17 8 4 5

Precipitation(mean) 50 50 75 50 25 75 50 75 25 75 50 75

Total PFAS concentration 226 88 60 142 368 64 540 100 205 65 90 28

Total PFAS amount in rain ng/m2 11000 4400 4500 7100 9200 4800 27000 7500 5100 4900 4500 2100

LOD batch 1 LOD batch 2

PFOSA 0,24 0,0004

PFBA 0,53 0,16

PFPeA 0,02 0,03

PFBS 0,13 0,15

PFHxA 0,07 0,10

PFHpA 0,03 0,06

PFPeS 0,13 0,17

PFHxS 0,46 0,48

PFHpS 0,21 0,33

PFOA 0,09 0,20

PFNA 0,01 0,001

PFOS99 2,73 3,09

PFDA 0,01 0,05

PFUnDA 0,02 0,02

PFNS 0,004 0,01

PFDS 0,002 0,003

PFDoDA 0,04 0,01

PFTrDA 0,04 0,01

PFDoDS 0,001 0,001

PFTDA 0,41 0,04

PFHxDA 0,42 0,25

PFOcDA 0,25 0,10

4:2FTSA 0,001 0,001

6:2_FTSA 0,003 0,01

8:2_FTSA 0,001 0,001

5:3FTCA 0,0005 0,004

6:2FTUCA 0,002 0,001

7:3FTCA 0,003 0,0004

10:2FTUCA 0,05 0,04

10:2FTUCA 0,58 0,23

PFECHS 0,0000 0,0000



Table 8A. Method detection limit for ultra-short chain PFASs in rainwater samples, analysed 

by UPCC-MS/MS. 

 
 

 

 

 

 
Figure 1A. Chromatogram from UPCC-MS/MS analysis of PFBA in rainwater sample Janu-

ary sample showed as an example. 

 

 

 
Figure 2A Chromatogram from UPCC-MS/MS analysis of PFBS in rainwater sample Janu-

ary sample showed as an example. 

 

 

 

 

 

 

LOD batch 1  LOD batch 2

TFA 0,36 1,4

TFMS 5,9 3,6

PFPrA 1,3 8,3

PFEtS 0,41 0,35

PFPrS 1,8 1,8

PFBA 0,93 0,46

PFBS 0,14 0,12



 
Figure 3A Chromatogram from UPLC-MS/MS analysis of PFBA in rainwater sample Janu-

ary sample showed as an example 

 

 

 

 
Figure 4A Chromatogram from UPLC-MS/MS analysis of PFBS in rainwater sample Janu-

ary sample showed as an example 

 

 

 

 
Figure 5A Chromatogram from UPLC-MS/MS analysis of neutral fraction (PFOSA) of the 

August sample. Illustrating lack of a recovery standard for correct calculation of the recov-

ery of PFOSA internal standard. Therefore the recovery was calculated manually against the 

batch standard.  

 

 

 

 


