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Summary 
Gullspångsälvens catchment area starts in the county of Dalarna and ends in the lake Vänern. 
On the way the water passes a couple of villages and small towns. 
The aim of the project is to identify point sources of PFAS and see their influence on the 
PFAS levels in the systems surface water.  
In the area some point sources have been identified. The villages and towns have waste water 
treatment plants and there are also a couple of landfills. Sampling have been carried out at 
expected point sources as well as in the surface water close to human activities. The samples 
have been extracted with SPE and analysed with LCMS-MS.  
Results show that the levels of PFAS is increasing through the system and that the expected 
point sources release PFAS to the environment. It was also possible to identify an earlier 
unknown point source. Compared with levels in other parts of Sweden (S-EPA, 2016) the 
levels of PFAS in the system is within a normal range except for the levels close to the until 
now unknown point source. 
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1. Introduction 

1.1 Gullspångsälvens vattenvårdsförbund 
Gullspångsälvens vattenvårdsförbund (GVVF) (for abbreviations see Appendix 1) was 
founded in 1968 as an association to conduct coordinated recipient monitoring in the 
catchment area of Gullspångsälven. The organization consist of companies, counties and 
municipalities within the catchment area. In total there are 30 members (Table 1). 

Table 1. Municipalities, companies and counties that are members of Gullspångsälvens 
vattenvårdsförbund 

   

Degerfors kommun Töreboda kommun Karlskoga Miljö AB Springwire Sweden AB 

Filipstads kommun Vansbro kommun Karlskoga Vattenkraft AB Sveaskog Skogsbruk 

Gullspångs kommun Bharat Forge Kilsta AB Miljöbolaget i Svealand AB Sävenfors produkter AB 

Hällefors kommun Cambrex Karlskoga AB Moelven Valåsen AB AB Zinkano 

Karlskoga kommun Cleano production AB Outokumpu Stainless AB Västra Götalandsregionen 

Laxå kommun Eurenco Bofors AB Ovako Hellefors AB Örebro läns landsting 

Ludvika kommun Fortum Generation AB Saab Bofors Dynamics   

Storfors kommun Icopal AB Scana Steel Björneborg AB   

 
Geographically the area starts in the southern part of the county of Dalarna and extends south 
to the northern parts of Västergötland where the water flows into the lake Vänern (Figure 1). 
Population within the catchment  is around 56 000 (SCB, 2017). 

  
Figure 1 Gullspångsälvens catchment area in grey 

In the area different kind of industries have existed for a long time. There have been mining, 
different kind of metal working, including pickling and surface treatment, as well as different 
kind of wood industry. The industries have developed over time until the today's situation. 
The cities and villages are spread out in the whole area which results in many small waste 
water treatment plants. This has also resulted in many small old landfills that are spread all 
over the area.  

The monitoring program for the catchment area is divided into two parts: 

1. Monitoring. Several parameters on a set time schedule, i.e. aquatic chemistry, climate 
parameters, phyto plankton, etc.  
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2. Special investigations. These investigations study conditions that are not directly related 
to the activities in the area and conditions that are interesting to investigate but for 
different reasons doesn't fit into the normal monitoring program (GVVF, 2016). One of 
them is to investigate substances in the Water Framework Directive (WFD) (HVMFS 
2015:4).  

1.2 PFAS 
Per- and polyfluoroalkyl substances (PFASs) have been used for over 50 years. They are 
organic compounds were hydrogen fully or partly is replaced with fluorine. This gives them 
interesting characteristics that makes them useful in many different applications. The strong 
carbon fluorine bond makes them stable and heat resistant. They also have an unique ability to 
be both hydrofobic and lipofobic. These characteristics are used in firefighting foam were 
they form an aqueous film but they are also used as water and fat repellent in textiles, paper 
and leather, in detergent, polish, oils, in the surface treating industry and in ski wax and many 
other applications (Buck et al., 2011). Today there are more than 3 000 different PFAS 
commercially available (KemI, 2015) 

Examples of a selection of PFAS groups are listed below (Buck et al., 2011; KemI, 2015). 
(Figure 2) 
 Perfluorocarboxylic acids (PFCA) are compounds with different length of the carbon chain 

where the hydrogen is fully replaced with fluorine. The carboxylic functional group makes 
them acidic and therefore water soluble. They are used for synthesising other PFAS and as 
surfactants. 

 Perfluorosulfonic acids (PFSA) have a sulfonic acidic group instead of the carboxylic acid 
in PFCAs. They are also acidic and soluble in water and are used as surfactants. 

 Fluorotelomer sulfonic acids (FTSA) and Fluorotelomer alcohols (FTOH) are two types of 
substances in the fluorotelomer group. In these a per fluorinated carbon chain is connected 
with a hydrocarbon chain. The functional group is added to the hydrocarbon part of the 
carbon chain. In FTOH the functional group is an alcohol and in FTSA a sulfonic acid. An 
example of naming of the substances is 6:2 FTSA where 6 stands for number of carbons in 
the perfluorinated part and 2 stands for the number of carbons in the hydrocarbon part. 
These substances are precursors to PFCAs and are used as surfactants. 

 Perfluoroalkane sulphonamides (FASAs) and Perfluoroalkane sulfonamidoethanols (FASE) 
are substances with the same perfluorinated chain as in PFSAs. These substances are 
precursors to PFSAs and PFCAs.  

There is a large number of other groups of PFAS such as ethers, iodides and polymers among 
others. 
PFAS can be released into the environment during production, usage and dispatch. It has been 
shown that the compounds don’t degrade in the environment but instead spread by both air 
and water all over the globe (Giesy and Kannan, 2001). Some of the PFASs are acids that will 
lose a proton in water and become anionic, examples PFCAs and PFSAs. Some other are 
neutral and these can vaporise into the atmosphere; examples are FTOH, FASA and FASE. In 
the atmosphere these compounds can degrade to form the stable PFCAs and PFSAs. It's also 
possible for PFCA to enter atmosphere through sea spray where the water evaporate and the 
carboxylic acid remain in the air. (Webster and Ellis, 2010; Del Vento et Al., 2012). 

PFCAs and PFSAs are known to be persistent in the environment and bio accumulate in both 
wildlife and humans. Studies also shows that PFAS are biomagnifying through the food chain 
(Müller et al., 2011). PFSA tends to be more bio accumulating than PFCAs and PFCAs with 
less than 7 carbons are not regarded as being bio accumulating (Paul et al., 2009; Conder et 
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al., 2008). Studies on animals have shown that they among other effects causes disturbance on 
the immune system and cause reproductive disorders (Lau et al., 2004; Yang et al., 2002) .  

 
Figure 2.Chemical structure of some PFASs. Examples of PFCA, PFSA (first row) FTOH, FTSA (second row). 
FASA (third row) and FASE (fourth row) are shown. 

The current known effects of the persistent compounds that harms organisms has led to efforts 
to replace them. Usually the replacement compounds are also from the PFAS group. They are 
normally less stable but during decomposition they form stable compounds such as PFCAs 
and PFSAs (Wang et al., 2017). 

PFAS has never been produced in Sweden. The most important local point source has been 
identified to be firefighting training activities with PFAS. Firefighting foam contains PFAS 
which leads to high levels of PFAS close to for example airports. Another important source 
from the society in general are waste water treatment plants (WWTP) and landfills. PFAS 
enters WWTPs and landfills through the incoming material that contains PFAS from both 
consumer products and industrial processes.  
The main source is believed to be deposition from the atmosphere were the origin mostly is 
international sources. PFAS are spread in aquatic environments in the Sweden. The 
background levels are low and increases close to human activity. In Sweden also ground 
water close to human activities can be contaminated. (S-EPA, 2015). 

1.2.1 Regulatory efforts 
In 2009 perfluorooctane sulfonic acid (PFOS), it's salts and perfluorooctanesulfonyl fluoride 
(POSF) was added as a persistent organic pollutant (POP) to Stockholm Convention on 
Persistent Organic Pollutants as an Annex B substance. An annex B substance is a substance 
that is allowed to be used for specific purposes. PFOS is allowed to be used in e.g. hard 
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chromium plating. Until recently it was also allowed to use firefighting foam containing 
PFOS that was delivered before the ban. Perfluorooctanoic acid (PFOA) is under investigation 
and is proposed to be added to Stockholm Convention as a POP substance.  
 (UNEP, 2017-07-03).  
PFOS is also a substance in the European Union Water Framework Directive (WFD) with 
AA-EQS (Annual average Environmental quality standards) of 0.65 ng/L and MAQ-EQS 
(Maximum allowed concentration Environmental quality standards) of 36 000 ng/L (HVMFS 
2015:4). Some other PFAS are on the European Union candidate list of substances of very 
high concern (European chemical agency, 2017-06-26). 
The Swedish food administration have proposed guidelines for safety levels of PFAS in 
drinking water. The levels are made for a sum of 11 PFAS. An assumption is made that the 
toxicity of PFOS can be used for all the other substances and that the effect is cumulative. 
There are two guideline levels, an action level of 90 ng/L for levels above this the producer 
needs to try to decrease the PFAS concentration. A higher limit of 900 ng/L is also in use. 
Above this the water is regarded as unsafe to drink (Swedish food administration, 2016). Also 
SGI (Swedish Geotechnical Institute) have calculated guideline values for PFAS in water. At 
the moment there is only a value for PFOS ready. The level in ground water is 0.0445 µg/l. 
Also for soil there are guideline values. For sensitive land use (e.g. residential areas) 0.003 
mg/kg dry matter and for less sensitive land use (e.g. industrial areas) 0.020 mg/kg dry matter 
(SGI, 2015).  

1.3 Aim 
The project is to investigate the WFD substance PFOS and other PFAS in Gullspångsälvens 
catchment area. It is highly interesting to determine the PFAS levels in the catchment area 
since this information is mainly  missing. Aims of the study are to locate possible point 
sources and evaluate the distribution of PFASs in surface water in the area. A sampling plan 
based on accessible information on possible point sources is made and 29 different PFASs are 
analysed in surface water samples and samples from possible point sources.  
Limitations 
Sampling was hampered by weather conditions during the winter and only easy accessible 
sites could be sampled. Temporal variation in the PFAS levels could not be assessed in the 
present study. 

2 Sampling locations 
Sampling locations have been chosen both to providean overall picture of the concentration in 
the catchment area and to search for point sources.  
For the overall picture the sampling points have, as far as possible, been located at the same 
place or close to places used in GVVFs regular monitoring program (Figure 3) (for exact 
coordinates see Appendix 2). The reason for this is to ensure that data can be used along with 
data from the regular monitoring program collected at the sites. For some places new 
locations were added, that is outside the regular sampling program in order to include possible 
point sources that are mentioned later. 
Three possible types of point sources for PFASs have been identified in the area. The area 
includes villages and cities that each have their own WWTP. There are also landfills, some of 
them are active and some of them are closed. The third possible source are firefighting 
training grounds. In addition, there are industrial activities in the area that has not been 
identified as PFAS sources. 
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2.1 Waste water treatment plants 
In the area 10 different municipalities are present. Most of them have at least one WWTP. 
Sampling have primarily been carried out at the largest WWTP sites but also smaller sites 
have been selected (Figure 3). 

2.2 Landfills 
Several landfills are present in the area. Most of them are closed and covered but three are 
still active. Two of the active landfills were selected for sampling (Figure 3); one of them, L1, 
is a municipal landfill while the other, L2, is an industrial landfill where sludge containing 
metal hydroxide and contaminated soil have been deposited. This spot is also affected from 
the old landfill of Storfors kommun. 

2.3 Firefighting training 
Only oral information is available about sites for firefighting training in the area. Information 
collected is from the employees of the firefighting force and it's important to consider the 
possibility of lack of remembrance concerning places and techniques used in the training. It is 
also important to remember that it's only now available members of the firefighting force that 
was asked and therefore historical training sites and technologies are therefore unknown. 
Information from Filipstad states that firefighting foam have only been used a few times and 
only at the firefighting station. At the new training field only water has been used. Hällefors 
has a new and an old firefighting station, at both sites foam has been used but the usage has 
been very limited. At the industry of Ovako there is a training place but according to 
information only water have been used. Training has been performed at the firefighting 
station at Storfors and at the location that today is a museum, Spruthuset. According to 
memories no firefighting foam have been used. In Karlskoga there has not been a regular 
training place and most of the training has been performed at the old firefighting station and 
usually with water. On a few occasions a garage at the firefighting station was filled with 
foam. Extinguishing exercises where foam has been used have been performed at Björkborns 
industrial area at their burning place. Training has been performed at the firefighting station in 
Degerfors. According to the memories of staff no foam has been used (Carlsén, 2017). 

Based on this information no samples have been taken around possible firefighting training 
places but some sampling points may be affected from the training grounds. 

3. Method 

3.1 Sampling  
Surface water was sampled to study occurrence of PFASs. The sampling points and their 
coordinates are presented in Appendix.1. The sample ID refers to the locations in the regular 
monitoring program. At some places it was impossible to use the normal sampling point 
because of their position in the middle of lakes and the depth of sampling. At these places the 
sampling points will be chosen to be close to the normal points or, if that's also difficult to 
achieve, the point is chosen close to the inlet or outlet of a lake, e.g. Daglösen. If a sampling 
point is moved the normal monitoring ID for that point will be used but the letter b will be 
added. Sample ID´s with W or L refers to WWTPs and landfills, respectively. 

Sampling was performed between 170214 and 170226 except for sample 3010 that is from 
170321. Sampling have been carried out as a campaign of grab sampling at the surface at one 
occasion.  
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Figure 3, Sampling points for water, numbers=Surface water, W= WWTP, L= Landfill 
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3.1.1 Execution 
Sampling bottles of HDPE was cleaned with methanol of HPLC grade. Methanol was poured 
into the bottles and then the lid was sealed and the bottles were shaken. After shaking they 
were left to stand for a few minutes with the methanol inside before it was drained. Finally the 
bottles was rinsed with deionised water and was left to dry for a short time. A few of the 
bottles was filled with milliQ water (laboratory produced Millipore) to be used as field blanks. 
For field blank sampling the lid of the bottle was opened at the sampling point during the 
whole sampling time. In the laboratory they were treated in the same way as other samples. 
During sampling the preferred method was to grab the sample using the sampling bottles. 
However at some locations it was impossible to do that due to problem to reach the water. At 
these places a bucket of stainless steel was used as sampling device and the water was filled 
into the bottles from the bucket. The bucket was cleaned in the same way as the bottles before 
the sampling campaign. At a few WWTP it was also impossible to use the bucket. At these 
occasions the plants own sampling device had to be used. 
In the field the bucket and the bottles were rinsed three times with water from the place before 
the sample was taken. A field protocol was filled with information of the place, weather 
conditions, temperature and electrical conductivity. In this protocol it's also mentioned if the 
bottles was filled from the river/lake or from the bucket.  
The bottles was kept in refrigerator between sampling, filtration and extraction.  

3.2 Sample preparation 
All samples were filtrated prior to extraction to ensure that the SPE cartridges wasn't clogged. 
Before filtration the filter (Glass fiber Whatman GF/B, pore size 1 µm) was rinsed with 
methanol (HPLC-grade, Fisher Scientific) and milliQ water. For the first batch of samples no 
cleaning of the filter before filtration was conducted. 
Between filtration of different samples the equipment was cleaned with detergent and tap 
water and finally rinsed with methanol.  

3.2 Extraction 
Prior to use all equipment were rinsed with methanol of HPLC grade (Fisher Scientific).  
For the extraction an ISO standard (ISO/DIS 25101, 2007) with slight modifications was 
used. Extraction was conducted with a weak anion exchange (Oasis WAX, Waters 
Corporation, Milford, USA) solid phase extraction (SPE). The SPE manifold and fittings were 
rinsed with methanol and assembled. If the manifold was prepared the day before extraction it 
was covered with aluminium foil over night. Samples were weighted and spiked with isotopic 
labelled internal standard (IS). A blank (milliQ) was prepared in the same way as the samples 
and also a milliQ sample spiked with a calibration standard (CS) containing native PFASs.  
SPE cartridges were first conditioned with 4 mL of 0.1% NH4OH in methanol, thereafter 4 
mL methanol and finally with 4 mL milliQ water. Elution time was planned to be 1 drop/s and 
was controlled by adjusting the vacuum in the manifold. The SPE cartridges were not allowed 
to dry at any point. After the cartridges were conditioned the samples were loaded. The same 
drop rate as in the conditioning phase was used for this step. When the samples had passed 4 
ml of pH 4 ammonium acetate buffer was added and thereafter the cartridges were dried under 
vacuum. The analytes were eluted in two steps. First FOSA/FOSE were eluted with 4 ml 
methanol, fraction 1. In the second fraction PFCA/PFSA/FTSA were eluted with 4 ml 0.1% 
NH4OH in methanol. 
Vials were prepared with recovery standard (RS) in order to determine the recovery of the 
internal standards. To the fraction 1 vials RS for FOSA/FOSE was added and to fraction 2 
vials RS for PFCA/PFSA/FTSA was added. Two vials for batch standards were also prepared, 
one for each fraction, containing IS, CS and RS. The eluate was evaporated with N2 to 



Project in Chemistry 30 hp 
School of Science and Technology   

11 
 

between 0.5 and 1 ml and transferred to the vials. In the vials evaporation was continued to a 
final volume of 200 µl. Finally the aqueous mobile phase for the chromatography was added 
to the different fractions; for fraction 1 100 µl of NH4Ac (aq) and 200 µl of methanol and for 
fraction 2 300 µl of NH4Ac (aq). 

3.3 Instrumental analysis 
Samples were injected on an UPLC system coupled to a triple quadropole mass spectrometer 
XEVO TQS (Waters Corporation, Milford, USA). Separation was performed on a 100 mm 
Acquity UPLC BEH C18 column with an inner diameter of 2.1 mm and particles size of 1.7 
µm. The column was kept at 50 ºC.  
Mobile phases used were, phase A, 5 mM N-methyl piperidine and 2 mM NH4Ac (from 
Sigma-Aldrich) in 30% milliQ water, 70% methanol LCMS grade (Fisher Scientific), phase B 
5 mM N-methyl piperidine and 2 mM NH4Ac in 100% methanol LCMS grade. The flow of 
mobile phases were 0.300 mL/min. 
Negative electrospray ionization mode was used with capillary voltage of 0.7 kV and cone 
voltage of 20-82 V, usually 20 V. The desolvation temperature was 400˚C and the desolvation 
gas flow was 800 L/h of N2. The mass spectrometer was run in MRM mode and one to three 
product ions were measured for each compound. The collision gas flow was 0.2 mL/min.  

3.4 Quality control 
Quantification was performed through isotope dilution and a calibration curve. The 
concentration of the standards used for the calibration curve was for PFCA, PFSA, FTSA and 
PFOA 100-17 700 pg.  
For every batch of samples a laboratory blank was performed. Blank levels from these 
laboratory blanks was used to determine LOD and LOQ. LOD was calculated as the mean of 
all blank levels + 3 times the standard deviation. LOQ was calculated as mean of all blank 
levels + 10 times the standard deviation. For some extraction batches the blank levels were 
higher than usual. In these cases LOD was calculated as 3 times the blank level and LOQ as 
10 times the blank level (Table 2). No results of PFOSA, FOSA and FOSE are presented 
since PFOSA was not quantified due to technical issues and FOSA/E could not be detected in 
the samples from the catchment area. 

Recoveries of the internal standards in the samples were calculated for each type of samples. 
Results with recoveries less than 20% and above 150% will be not used without a warning of 
the potentially not reliable result. 

For all batches a spiked sample was also included. MilliQ water was spiked with 2 000 pg of 
calibration standard (CS) containing native PFASs (Table 3). Recovery of the calibration 
standard illustrates the accuracy of the analyses and relative standard deviation illustrates the 
precision. 

To remove risk for interferences one to three product ions were measured for each PFAS. 
Only when all the compounds product ions were formed the signal was used. One product ion 
was used for quantification. As a control the qualitative product ion was also quantified in the 
range of +/- 50% of the quantification ion. For PFHxA the qualitative product ion 
concentration was + 100% of the quantification ion in all the different kind of matrix (blank, 
spiked milliQ water and samples). 
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Table 2 LOD, LOQ and recoveries for samples. 

  

LOD ng LOQ ng Recovery % 

    
Surface 
water WWTP** Landfill 

PFBA 0.08  (1.1)* 0.19  (3.7)* 39.4 - 82.3 56.4 - 89 2.7 - 20.2 

PFPeA 0.006 0.01    

PFHxA 0.01  (0.8)* 0.02  (2.7)* 80.4 - 109.4 91 - 108.2 67.2 - 76.7 

PFHpA 0.02 0.05    

PFOA 0.04 0.10 87.1 - 104.6 82.7 - 98.8 94.6 - 100.1 

PFNA 0.03 0.08 81.4 - 104.8 81 - 97.5 87.7 - 97.9 

PFDA 0.01 0.03 74.5 - 100.7 64.1 - 83.2 81.3 - 90.3 

PFUnDA 0.04 0.10 62.6 - 96.8 39.3 - 65.4 63.9 - 76.3 

PFDoDA 0.03 0.07 40.3 - 81.6 20.5 - 47.7 40 - 57.2 

PFTrDA 0.02 0.07    

PFTDA 0.08  (1.8)* 0.2  (5.9)* 8.3 - 78.8 3.5 - 13.4 5.6 - 28.7 

PFHxDA 0.09 0.25 0.8 - 61.4 2.3 - 9.9 2.4 - 18.9 

PFOcDA 0.12 0.34    

PFBS 0.008 0.02    

PFPeS 0.002 0.004    

PFHxS 0.01 0.02 84.2 - 102 80.6 – 97 94.4 - 94.6 

PFHpS 0.02 0.05    

PFOS 0.14  (2.1)* 0.33  (6.94)* 87 - 101.3 82.7 - 98.8 89.6 - 91.1 

PFNS 0.009 0.02    

PFDS 0.002 0.005    

PFDoDS 0.001 0.002    

4_2_FTSA 0 0.001    

6_2_FTSA 0.03 0.06 56 - 87.8 66.7 - 82.6 64.9 - 150.8 

8_2_FTSA 0.002 0.005 43.6 - 95.9 49.9 - 75.4 70 - 86.7 

* Values in parentheses are LOD and LOQ for outliers.  
** Recoveries for W1 and W11 are not used in the calculation. In W1 no RS was added and for W11 a lot of the 
sample was lost during extraction so the recovery isn’t accurate. 

All field blank concentrations were lower than the samples from the examined sampling 
points.



Project in Chemistry 30 hp 
School of Science and Technology   

13 
 

Table 3 Recovery and relative standard deviation (RSD%) of milliQ water spiked with calibration standard (CS)  

 

Added 
concentration 
of CS in pg 

Mean of 
results in pg Recovery% RSD % 

PFBA 2 000  1 751 79 - 97 7 

PFPeA 2 000  2 037 94 - 112 7 

PFHxA 2 000  1 625 77 - 83 3 

PFHpA 2 000  1 689 74 - 93 8 

PFOA 2 000  1 629 76 - 85 4 

PFNA 2 000  1 686 78 - 88 4 

PFDA 2 000  1 881 89 - 99 5 

PFUnDA 2 000  1 583 75 - 83 5 

PFDoDA 2 000  1 727 81 - 90 4 

PFTrDA 2 000 1 999 87 - 112 12 

PFTDA 2 000 2 078 99 - 108 3 

PFHxDA 2 000 1 084 48 - 60 11 

PFOcDA 2 000 2 422 64 - 193 42 

PFBS 2 000 2 431 114 - 134 6 

PFPeS 2 000 2 079 100 - 110 4 

PFHxS 2 000 1 751 84 - 90 3 

PFHpS 2 000 2 129 101 - 118 6 

PFOS 2 000 1 481 69 - 83 8 

PFNS 2 000 1 716 62 - 108 24 

PFDS 2 000 794 15 - 90 76 

PFDoDS 2 000 1 342 51 - 98 27 

4_2_FTSA 2 000 1967 87 - 106 7 

6_2_FTSA 2 000 1 841 86 - 95 4 

8_2_FTSA 2 000 1 846 88 - 97 5 
 

4. Results 
PFCA, PFSA, FTSA, PFOSA, FOSA and FOSE were analysed in the water samples. In total 
29 different PFAS compounds were analyzed, 19 of them were detected in the samples (Table 
4).  
PFCAs with 4 to 10 carbons were detected in almost all samples. For PFUnDA and PFDoDA 
only a few samples had detectable levels. PFTrDA was not found in surface water but in one 
landfill sample and two WWTP samples. For the more long chain PFCA no signals at all 
could be detected.  
For PFSAs the compound with an even number of carbon in the chain are the most common.  
PFBS and PFHxS were found in all samples. PFPeS and PFOS were less represented. For 
PFOS this was partly due to slightly higher LOD, especially in a few extraction batches 
(Table 2). No signals could be detected for PFSAs with a carbon chain of 9 or longer. Signals 
for PFOSA was represented in some samples but no quantification could be done due to 
technical problems. All FOSA or FOSE signal were below LOD. 
Table 4 presents the range of detected levels of PFASs and the median level in the three 
sample groups. The detected levels were highest in the landfills except for PFNA were the 
highest level were detected in surface water. Generally surface water levels are lower than  
WWTP effluents levels.  
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Table 4 Range, median, and number of detects of PFAS in water  

  Surface water WWTP   Landfill 

  Min/Max ng/L 
Median 
ng/L 

Min/Max 
ng/L Median ng/L Min/Max ng/L 

PFBA 0.6 - 1.6 0.8 0.8 - 8.0 3.5 26.5 - 130 

  (n 14)   (n 9)   (n 2) 

PFPeA 0.3 - 1.5 0.5 0.6 - 5.9 1.1 130 – 144 

  (n 16)   (n 10)   (n 2) 

PFBS 0.1 - 43.3 0.8 0.1 - 7.4 0.7 96 – 2 058 

  (n 17)   (n 10)   (n 2) 

PFHxA 0.2 - 1.2 0.2 0.5 - 5.6 1.5 91.1 - 276 

  (n 12)   (n 8)   (n 2) 

PFHpA 0.2 - 1.0 0.4 0.3 - 3.1 0.6 41.0 – 229 

  (n 17)   (n 10)   (n 2) 

PFPeS LOD - 0.1 0.4 LOD - 1.2 0.1 10.6 - 15.8 

  (n 6)   (n 9)   (n 2) 

PFHxS 0.1 - 0.7 0.1 0.1 - 4.0 0.7 33.6 - 35.3 

  (n 17)   (n 10)   (n 2) 

PFHpS LOD - 0.1   0.1 - 0.2 0.1 2.8 - 3.7 

  (n 2)   (n 5)   (n 2) 

PFOA 0.3- 0.9 0.5 0.4 - 5.4 1.5 20.8 – 266 

  (n 17)   (n 10)   (n 2) 

PFNA 0.1 - 9.6 0.2 0.1 - 0.4 0.2 2.0 - 5.4 

  (n 17)   (n 10)   (n 2) 

PFOS 0.3 - 7.1 0.5 0.3 - 1.0 0.9 20.4 - 41.5 

  (n 14)   (n 5)   (n 2) 

PFDA LOD - 0.1 0 0.1 - 0.3 0.2 0.2 - 1.4 

  (n 17)   (n 10)   (n 2) 

PFUnDA 0.1 - 3.2   <LOD   0.4 

  (n 2)       (n 1) 

PFDoDA 0.1  0.1  <LOD 

  (n 1)   (n 1)     

PFTrDA <LOD   0.1   0.2 

      (n 2)   (n 1) 

4_2_FTSA <LOD  <LOD   0.2  

        (n 2) 

6_2_FTSA LOD - 0.3 0.21 0.1 - 1.3 0.4 9.6 - 22.1 

  (n 12)   (n 10)   (n 2) 

8_2_FTSA <LOD  LOD- 0.3 0.1 0.2 - 0.3 

     (n 8)   (n 2) 
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5. Discussion 

5.1 Landfills 
In the study the highest levels of PFAS were found in the leaching water from landfills, 
sampling point L1 and L2 (Figure 4 and 5). Leaching water from the landfills are treated in 
different ways. At Mosseruds avfallsanläggning (L1) which is the municipal landfill of 
Karlskoga kommun the leaching water is biologically treated in ponds. During the winter the 
biological remediation isn’t sufficient and the water is sent to the municipal waste water 
treatment plant in Karlskoga (personal communication, Gustavsson, 2017). The sample in this 
study is from the outflow to the recipient after the treatment pond. The flow to the recipient 
was very low at the time of sampling according to the seasonal transportation of water. The 
recipient is a peat moss, called Boforsmossen. From Boforsmossen the water flows into 
Bobäcken into the lake of Östersjön and after that into the lake of Möckeln. No downstream 
sample was taken due to the low flow, moreover it is expected that PFAS have a high sorption 
to particles in the moss (Higgins, 2006). 
Leaching water from the industrial landfill in Storfors (L2) is collected and transported to the 
company’s treatment site in Storfors. The closely located old municipal landfill, whose 
leaching water ends up in the same creek as the water from the industrial landfill, treat their 
leaching water in a biological treatment pond. Buch´s et al. (2009) research in Germany 
shows that landfills with biological treatment of the leaching water have higher levels of 
PFAS in their effluent water than sites using for example reversed osmosis (Buch et al., 
2009). In sample L2 the two landfills, the industrial landfill and the nearby located municipal 
landfill of Storfors kommun, are sampled together. The industrial landfill is located at the 
bottom of a valley and the municipal landfill close to the top of the hill. Most of the leaching 
water from the municipal landfill flows into the area of the industrial landfill. The L2 sample 
is collected a bit downstream from the landfill area to ensure that as much of the leaching 
water from the municipal landfill as possible is sampled. In older landfills a large proportion 
of possible PFAS contamination is expected to already have leached out (Gallen et al., 2017) 
so most of the PFAS might origin from the industrial landfill. 
 
The two landfill leachates have different patterns of PFAS. In landfill L1 the main PFAS class 
is PFCAs (sum of 13 PFCAs (∑PFCAs13) 1 030 ng/L). The three highest levels were noted for 
PFHxA (276 ng/L), PFOA (266 ng/L), and PFHpA (228 ng/L). The sulfonates contribute to a 
lesser part of the total PFAS concentration (∑PFSA8 171 ng/L) with PFBS as the highest 
PFSA homologue. In landfill L2 PFBS is the main compound with levels much higher 
(>2 000 ng/L) than all the other PFASs together. The PFBS level is semi-quantified because 
the response was outside the range of the calibration curve and therefore the level is an 
extrapolation from the curve. PFBS is a replacement substance in the phase-out of PFOS. It 
can therefore be expected to find PFBS in waste where PFOS used to be found. PFBS are for 
example used as a mist suppressor in the surface treating industry. It’s known to be used in 
the process of hard chromium plating (KemI, 2015a). At the landfill waste from that kind of 
industries is deposited. The PFCAs in this sample (∑PFCAs13 326 ng/L) are lower than the 
levels in L1.  
Also the PFCA precursor 6:2 FTSA is found in both the landfills, at different levels (L1 10 
ng/L and L2 22 ng/L). 6:2 FTSA has been found in currently used firefighting foams (KemI, 
2015b) and can probably be a contamination in soil deposited at the landfill. 6:2 FTSA is not 
expected to be as persistent as PFCAs and PFSAs but degrade to yield foremost PFHpA, 
PFHxA, PFPeA and PFBA (Yang et al., 2014). The measured PFCAs in landfill leachate  
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Figure 4 Concentration (ng/L) of PFCA in the two sampled landfills 
*PFBA recovery for L1=2.7% and for L2= 20% 

 
Figure 5. Concentrations (ng/L) of PFSAs in landfill leachates from Mosserud (L1) and Storfors (L2). Note the 
divided y-axis.  
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could origin from precursor compounds like 6:2 FTSA but also from many other precursors 
that is transformed over time to persistent PFCAs. 
The landfills contain very different types of waste. In the industrial landfill (L2) the waste are 
of a few different origins such as surface treating industries and metal contaminated soil from 
sites that is contaminated with chemicals from the surface treating industry. In the municipal 
landfill (L1) the waste is of a more diversified origin. This gives an explanation to the 
difference in the pattern. In a study from the US the PFAS concentration in leaching waters 
from landfills was ∑PFAS 3 800-36 000 ng/L (Benskin et al., 2012). The concentration of 
PFCAs was greater than PFSAs and the most abundant compound was PFHxA (670-2 500 
ng/L) followed by PFPeA (570-1 800 ng/L). Highest concentrations were found in the 
samples taken during spring. In February the levels were in the lower end of the span 
mentioned above.  
In Canada (Li et al., 2012) the sum of PFAS in leaching water from 28 landfills differed from 
27 ng/L to 21 300 ng/L. The C4-C8 PFCAs were 73% of the total PFAS. PFHxA was the 
dominant PFAS with a mean concentration of 695 ng/L. The levels were higher in the south 
part of the country than in the north.  
In a German study from 2009 (Buch et al., 2009) 6 samples of untreated leaching water were 
analyzed . The concentration ranged from 30.5 ng/L to 12 922 ng/L. The most abundant 
compound was PFBA (27% of the PFAS concentration) followed by PFBS (24%) and 
PFHxA (15%).  
In the leaching water in L1 PFAS pattern is similar to the pattern in the above mentioned 
studies with PFHxA as the main compound and that PFCAs is the dominant group of PFAS. 
In other parts it differs from previously reported studies because of levels of PFOA and 
PFHpA being second and third highest after PFHxA. L2 differs from all the other studies with 
the high levels of PFBS. 
PFAS concentration in leaching water from L1 is in the reported span for analysed landfills in 
the Swedish EPA investigation (S-EPA, 2016). The levels of PFBS (> 2 000 ng/L) in the 
leaching water in L2 is notable higher than other reported levels. Average value of PFBS in 
Swedish landfill leaches is around 100 ng/L (S-EPA, 2016). 

Impact from the landfills on the overall load of PFAS in the catchment area is different. As 
mentioned earlier Boforsmossen which consist of peat that is the recipient of Mosserud 
landfill probably adsorbs most of the released PFAS but this needs to be verified (Higgins, 
2006). From the industrial landfill a small creek leads the water to Mögsjön. The flow in the 
creek enters the system in Mögsjön and will give a potential impact on sampling point 3083 
(see section 4.3). The mass impact could however not be calculated in the present study since 
water flow data is missing together with the uncertainty of lacking temporal information due 
to only one measurement. 

5.2 Waste water treatments plants 
In the catchment area fifteen WWTPs are located. Effluent water from ten of them have been 
analysed. The results differs between the plants, both in the pattern of the PFAS and the 
concentration (Table 5). The compound with highest concentration, except for W1, is PFBA, 
ranging from 1.6 ng/L in W10 to 8.0 ng/L in W6 (Figure 6 and 7). In W1 no PFBA could be 
detected, perhaps due to analytical errors since the IS area is very low resulting in 
uncertainties. The range of PFBA in the samples is also an indication of how much the levels 
of total PFAS in the WWTP samples differ.  

The size of the plants and the composition of the inflowing water are different. Most of the 
plants had a low water flow during the sampling time. One of them, W2, sprinkled fresh water 
over one basin to achieve a better process. 
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Highest levels of PFAS are found in effluent water from W6. This may be because of the 
transportation of leaching water from the landfill (L1). This could explain the PFBS levels of 
7.4 ng/L compared to the mean of 2.0 ng/L and the PFPeA levels of 8.0 ng/L compared to 
mean of 3.2 ng/L. The PFBS level is also high in W12; 7.0 ng/L. There are no known sources 
of PFBS that could contribute to the levels in that WWTP. One possible source is the active 
landfill at Långskogens waste treatment plant. The landfills leaching water is not analysed and 
if the leaching water is transported to the WWTP is unknown. 

Table 5. Sum of detected PFCA and PFSA (ng/L) in effluent water and the population number serving the WWTPs. 

  
W1 
Gullspång 

W2 
Hova 

W3 
Finnerödja 

W5 
Degerfors 

W6 
Karlskoga 

W7 
Hällefors 

W10 
Storfors 

W11 
Nykroppa 

W12 
Filipstad 

W14 
Lesjöfors 

Mean 

Population [1] 1 615 1 272 592 7 269 27 714 4 524 2 217 823 6 357 972  
Sum PFCA C4-
C10 5.2 12.0 8.1 6.8 28.7 10.9 4.7 5.21 9.9 5.6 9.7 
Sum PFSA C4-
C8 4.1 0.8 1.2 2.0 11.7 3.0 7.5 1.55 10.2 1.2 4.3 
Total PFCA 
and PFSA 9.3 12.8 9.3 8.8 40.4 13.9 12.2 6.76 20.1 6.8 14.0 

[1] SCB, 2017 

6:2 FTSA is found in all the WWTPs in the range of 0.14 ng/L in W5 to 0.65 ng/L in W12, 
except for W6 that shows a higher level (1.3 ng/L).  

Both in W10 and W12 signals of PFHxA was seen but the levels where lower than the LOD 
due to unusual high blank level in that extraction batch resulting in an elevated LOD. 
In all the effluent water the PFSAs with even number (C4, C6, C8) of carbons are the main 
PFSAs. The uneven PFSAs are detected but only at very low levels close to LOD. This is a 
result of the historical production that aimed at even carbon chain lengths (KemI, 2015a). 
Historically, PFOS has been produced in highest volume. The pattern with higher 
concentrations of C4/C6 PFSA can be a result of the increased water solubility of shorter 
homologues (Gellrich et al., 2012). 

 Table 6 PFAS levels from this study compared with levels from other studies. 

Sampling point Date PFHxS ng/L PFOS ng/L PFOA ng/L PFNA ng/L 

Karlskoga (Aggeruds reningsverk)  This study 1.8 <LOD 5.5 0.4 
Filipstad This study 0.8 2.1 1.6 0.4 

Mean of the other 8 plants This study 1 0.8 1.4 0.2 

Karlskoga (Aggeruds reningsverk) [1] 150601 1.2 1.5 8.5 0.6 
Borlänge reningsverk [1] 130924 0.5 2.9 14.1 1.1 
Henriksdals reningsverk [1] 131007 3.9 6 7.6 1.8 
Denmark (Mean Plant B) [2] 2007 1 12.8 15.2 1.1 
Korea (STP-15) [3] june-oct 2008 1.1 0.9 3.4 - 
Georgia [4] Winter 2005 8.3 13 102 15 
Kentucky [4] Winter 2005 6.3 14 155 6.5 

North western USA [5] July 2004 1.2 24 11 3.4 
[1] (S-EPA, 2016), [2] (Bossi et al., 2008), [3] (Rui et al., 2010),[4](Loganathana et al., 2007) [5] (Schultz et 
al., 2006) 
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Figure 6. PFCA (ng/L) in WWTP effluent water 

 
Figure 7. PFSA (ng/L) in WWTP effluent water 

In table 6 PFAS levels for two PFCAs and two PFSAs are compared between this study and 
results from other studies. Results from Sweden (S-EPA, 2016), Denmark (Bossi et al., 2008), 
United States (Loganathana et al., 2007; Schultz et al., 2006) and Korea (Rui et al., 2010) are 
used. The results from the Danish and Korean studies are from the WWTPs that are most 
similar in size to the plants in this study.  

Although the levels differ between plants in this study, the levels are quite low both in an 
international perspective but also in a national perspective. WWTP effluents have been 
identified as major source of PFAS in the environment. The levels from Karlskoga in S-EPAs 
study shows that the levels are similar to the present study. Effluent levels can differ over time 
and the samples are also sampled during different times of the year. For example, it is 
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expected that PFOS levels have decreased starting from 2002 and forward due to phase-out by 
many nations including Sweden. 

5.3 Surface waters and distribution in the catchment area 
The catchment area is divided into three different areas (see also Figure 3): 
1. Letälven/ Gullspångsälven, sample number starts with digit 1 (blue in Figure 8 and 9). 
2. Svartälven, sample number starts with digit 2 (pink in Figure 8 and 9).  
3. Timsälven, sample number starts with digit 3 (green in Figure 8 and 9).  

 
Figure 8 PFCA (ng/L) in Surface water. Blue: Letälven/ Gullspångsälven. Pink: Svartälven. Green: Timsälven. 
Note the divided y-axis. 

 
Figure 9 PFSA (ng/L) in surface water. Blue: Letälven/ Gullspångsälven. Pink: Svartälven. Green: Timsälven. 
Note the divided y-axis 
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5.3.1 Svartälven 
The Svartälven part of the system is the least PFAS affected (Figure 8 and 9). In Hällefors a 
steel production company is located and a municipal WWTP. Only a downstream sample was 
analysed due to ice cover of the river so it’s not possible to compare the upstream and 
downstream concentrations. What is possible to see is that the levels in sampling point 2041 
and 2001 are very similar considering the dilution between Hällefors and the point where the 
river enters Möckeln. 

In the village Lesjöfors a WWTP and two metalworking industries are located. Both uses 
different kind of surface treating procedures. One of them treat their own acid waste, the other 
sends their waste for external treatment. Only PFPeA increases between the upstream 
sampling point and the downstream. The effluent water from the WWTP have low PFSA 
content that will not affect the water in any notable way. The PFPeA from the WWTP could 
be one of the sources of the PFPeA detected in sampling point 2541. The WWTP is from a 
small village (Table 4) so the levels in the effluent water from that plant will probably not be 
the only reason for the increased level of PFPeA at 2541. Also the industries or another source 
will probably add to the measured level. 
Note that if concentration in two different samples is the same and inflowing water affect the 
down stream point the inflowing water will also contain the substance. 

5.3.2 Timsälven 
In the part of the system that belongs to Timsälven higher PFAS levels can be found (Figure 8 
and 9). In Filipstad (3415) a high level of PFNA, 9.6 ng/L, and PFUnDA, 3.6 ng/L, can be 
found. In the investigation done by S-EPA in 2015 the same sampling point was analysed. At 
that occasion the PFNA level was 0.1 ng/L. The PFNA and PFUnDA level in the downstream 
point 3410 is at the background level of the system. If the reason for observed levels are that 
the compounds are released to the system intermittently is not possible to say from the data in 
this investigation. Sampling in this point was performed on a Sunday morning and possible 
origin of PFNA and PFUnDA remains unknown. These compounds are prone to bind to 
particles and could end up in downstream sediments. 

In 3083 the levels have increased compared with the upstream point 3410. Between these two 
sampling points Landfill L2 and a small WWTP are located. In sampling point 3083 
indications of both PFOS and PFHxA can be seen but the high LOD at that extraction makes 
it impossible to quantify them. The levels of PFBS and PFPeA increases in 3083. The only 
known possible sources are the landfill and the WWTP. The WWTP effluent water contained 
low levels and it is likely that the contamination origins from the landfill. 

The really notable point is the very high level of PFBS (43.3 ng/L) in sampling point 3082. 
Between 3083 and 3082 an industrial WWTP that treats acids and bases from the surface 
treating industry is located. Effluent water from the plant enters Storforsälven around 500 
meters upstream from the sampling point. The metal hydroxide sludge from the plant is 
deposited at the industrial landfill sampled in L2. Both the water from the landfill and the 
water in the river contains very high levels of PFBS. PFBS is used as replacement for PFOS 
as mist suppressor in hard chromium plating process (KemI, 2015). 

In sampling point 3082 also the levels of PFOS (7.1 ng/L) have increased compared with 
upstream samples. PFOS is a POP substance under the Stockholm convention, annex B 
(Stockholm convention). In the surface treating industry it’s legal to use PFOS for mist 
suppression in hard chromium plating in a closed looped system. Until august 26 2015 it was 
also legal to use it as wetting agent for controlled electroplating (Commission regulation, 
2010).  
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The flow through Östersjön, Mögsjön to Öjevettern is one of two outflows from the lake 
Daglösen. The main flow from Daglösen is through Storlungen into Öjevettern. Water passing 
sampling point 3082 is therefore diluted in Öjevettern. Between Storfors and Karlskoga the 
water passes more lakes. Most of the land is covered with forests. There are also a few 
agriculture farms, the small village Kyrksten and some holiday residentials. In this area only 
one known source of PFAS is located, a small WWTP in the village of Kyrksten. This means 
that the water will be much diluted when it reach sampling point 3010b. 

Kilstabäcken is an inflow to the main system. The creek origins in Fisksjön and passes two 
industrial areas in Karlskoga before the outflow in the lake Lonnen north of Karlskoga. 
Sampling point 3102 is located close to the outflow. The largest industry it flows through is 
an industrial forge. In the area of the forge is also an old covered landfill with municipal 
waste located.  
In sampling point 3102 the levels of PFBA (1.4 ng/L), PFPeA (1.5 n/L), PFHxA (1.2 ng/L), 
PFHpA (0.9 ng/L) and PFOA (0.9 ng/L) are higher than the levels in the Svartälven part of 
the system. Also the levels for the sulfonates with even number of carbons are higher than in 
Svartälven and 6:2 FTSA is found in this point. The detected PFAS have to origin from the 
industrial areas since no inflow except drainage of rain from farmland enters Fisksjön. If the 
addition of PFAS are from the forge, the old landfill or other industries is not known. 

It was impossible to sample in 3010b at the same day as 3001 due to ice covered shores. The 
sample is from a later date after snow melt and the levels may have changed during the time. 
The reason for taking that sample was to see if it was possible to detect any addition of PFAS 
when the river passes Björkborns industrial area. The levels in 3001 and 3010b are similar so 
no further discussion will be done about 3010b.  

In sampling point 3001 the levels of PFBS have decreased (3 ng/l) according to the levels in 
3082. They are still higher than in the Svartälven part of the system (0.1 ng/L at the outflow to 
Möckeln). The PFOS level has decreased to 0.8 ng/l. That’s still over the AA-EQS of 0.65 
ng/l (HVMFS 2015:4). In the 2015 investigation of S-EPA a trench at a model plane airfield 
close to Timsälven was sampled. Some PFAS was found there in the form of PFHxS (2.4 
ng/L), PFHxA (2.6 ng/L), PFOS (5.1 ng/L) and PFOA (1.3 ng/L). The contamination from 
this area will affect sampling point 3001. This makes it impossible to say if it's the industrial 
WWTP, the trench or both that is the origin of the PFOS. 

5.3.3 Letälven/Gullspångsälven 
In Möckeln the two rivers Svartälven and Timsälven flows into the same lake. The outlet 
from the lake is through Letälven in Degerfors. On the north shores of the lake the city of 
Karlskoga is located. Close to the lake a couple of industrial areas are situated. If Svartälven, 
Timsälven, Östersjön (L1) and the municipal WWTP is the only PFAS sources or if there are 
other sources that contribute to the total level is difficult to say without knowing the water 
flow for the four mentioned sources (Figure 8 and 9). 

Between 1025 and 1021 an industry that works with stainless steel and Degerfors WWTP are 
positioned. In the steel industry surface treatment with pickling is used and the industry treat 
their own acid waste. The PFAS levels downstream Degerfors are similar to the upstream 
point.  

In the lake Skagern Letälven ends. Two other, minor, inflows to the lake is sampled; Hovaån 
and Skagersholmsån. Both these streams passes through farmland and both are the recipient 
for a WWTP. In Hova an industry that perform surface treatment is located. In sampling point 
1101 (Hovaån) the PFBA level (1.6 ng/L) is one of the highest found in surface water from 
the whole catchment area. The levels of the other PFAS is close to what is normally found in 
the system. The reason for the high PFBA level can be the WWTP but the level of PFPeA in 
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effluent water is in the same range as 1101. The origin for the PFBA contamination in 1101 is 
therefore probably not the WWTP. The PFBA levels differs over the system so no direct point 
source can be suspected. 

In sampling point 1201 the PFAS levels are close to those in the Svartälven part of the 
system. 

The water leaves Skagern through Gullspångsälven. In the outlet sampling point of Skagern 
(1005) the concentration is similar to the inflows.  

In the last point 1003 at the outlet into Vänern no direct addition from the WWTP can be 
observed. Only small changes from sampling point 1005 can be seen.  

5.3.4 PFAS distribution in relation to point sources 
The highest PFAS concentrations are found in the Timsälven part of the system. Both in 
Filipstad (PFNA 9.6 ng/L and PFUnDA 3.2 ng/L) and Storfors (PFBS 43.3 ng/L and PFOS 
7.1 ng/L) there seems to be PFAS sources that increases the PFAS levels. The source of 
PFNA and PFUnDA in Filipstad is unknown. 

The high PFAS levels in the leaching water from the landfills seems only to slightly affect the 
levels in surface water with the exception for PFBS that’s 0.2 ng/L upstream of L2 and 1.1 
ng/L downstream. 

The additions of PFAS from the effluent water of the municipal WWTPs will not give any 
substantial increase in levels but will add to the background levels. 

In international investigations the PFAS levels are usually higher than found in the catchment 
area. An investigation of PFCAs in European rivers (Mc Lachlan et al., 2007) report levels of 
PFHxA <1.4-32 ng/L, PFHpA 0.48-6.6 ng/L, PFOA <2.2-23 ng/L, and PFNA 0.27-1.5 ng/L. 
The three Scandinavian rivers in that study, Kalixälven, Vindelälven and Dalälven, contain 
low levels of PFCAs less than 1 ng/L for PFHXA, PFHpA, PFOA and PFNA. All PFCA 
levels in Gullspångsälvens catchment area are below or in the lower part of the measured 
levels in European rives, with one exception. The level of PFNA in sampling point 3415 
exceeds all these measured rivers. 

Air deposition has been recognized as a source of PFAS. An investigation in northern Sweden 
in an area where air deposition is the only source of PFAS (Filipovic, 2015) the levels found 
were PFHpA <23-166 pg/L, PFOA 98-434 pg/L, PFNA 50-151 pg/L and PFOS <44-256 
pg/L. No short chain PFAS was measured. The levels in Gullspångsälvens catchment area are 
in the higher part of these spans or higher than background levels from air deposition.   

In a national perspective the median PFAS levels are similar to each other (1.4-7.6 ng/L), 
regardless of the potential sources of pollution. It is the maximum measured levels that 
differs. It’s only in sampling point 3082 with suspected influence from an industrial WWTP 
that levels increases over the expected for background areas (S-EPA, 2016). 

6. Conclusion 
PFAS levels in surface waters from the Gullspångsälvens catchment area differs. The overall 
situation is that the levels of PFAS are higher in the Timsälven area than in the rest of the 
system.  

There are some identified point sources in the catchment area. One is the high levels of PFBS 
(43.3 ng/L) in sampling point 3082 in the Timsälven area and the levels of PFOS (7.1 ng/L) in 
the same point. The levels of PFOS is above the AA-EQS value of 0.65 ng/l. The source for 
this concentration is identified as the industrial WWTP. The increased PFBS levels in 
sampling point 3001 indicates that it’s not only a one time emission from the industrial 
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WWTP. It could be interesting to study how the emissions from the plant differs over time 
and with treatment of different waste types.  

Another interesting point are the levels of PFNA and PFUnDA in sampling point 3415. No 
source for the contamination was possible to identify during this project. The high 
concentration could not be found downstream so either it’s a onetime release or the 
compounds have changed environmental compartment and can be found in sediments and 
biota. An investigation about how the concentration differs over time and about the source of 
the contamination is needed to verify this theory. 

The WWTPs releases PFAS to the system that adds to the background levels. From the 
landfills leaching water with high PFAS concentration is released to the system but the small 
flow of the leaching water will be diluted so the impact on the sampling points downstream 
will likely be an increasing background level. 

The PFAS levels in Gullspångsälvens catchment area are in the middle of the range of PFASs 
in Swedish waters (S-EPA 2015) with the exception of the above mentioned sample points. In 
no surface water are the levels of PFAS over the National Food Agency's action limit of 
∑11PFAS 90 ng/L (Swedish food administration/Livsmedelsverket, 2016). PFOS as a WFD 
substance have an AA-EQS level of 0.65 ng/L. Both the landfill leaching waters are over this 
limit. For the surface water that was possible to quantify there are no point in Svartälven that 
exceeds the AA-EQS limit but one point in Letälven and all but one in Timsälven. Also some 
of the effluent water from the WWTP are over the AA-EQS limit. The highest levels were 
measured for other PFASs that are not regulated with limit values. Although toxicological 
data is missing, they are as persistent as PFOS and will remain in the aquatic environment for 
a very long time.
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Appendix 1 

Abbreviations 
4:2 FTSA 4:2 Fluorotelomersulfonic acid 
6:2 FTSA 6:2 Fluorotelomersulfonic acid 
8:2 FTSA 8:2 Fluorotelomersulfonic acid 
AA Annual average 

CS Calibration standard 
EQS Environmental quality standards 
FOSA Polyfluorooctane sulfonamid 
FOSE Polyfluorooctane sulfonamidoethanol 
FTOH Fluorotelomer alcohol 
GVVF Gullspångsälvens vattenvårdsförbund 
IS Internal standard 
MAC Maximum allowed concentration 
MRM Multi reaction monitoring 
PFAS Per- and polyfluoroalkyd compounds 
PFBA Perfluorobutanoic acid 
PFBS Perfluorobutane sulfonat 
PFCA Perfluoroalkylcarboxylate 
PFDA Perfluorodecanoic acid 
PFHpA Perfluoroheptanoic acid 
PFHpS Perfluoroheptane sulfonat 
PFHxA Perfluorohexanoic acid 
PFHxS Perfluorohexane sulfonat 
PFNA Perfluorononaoic acid 
PFOA Perfluorooctanoic acid 
PFOS Perfluorooctane sulfonat 
PFOSA Perfluorooctane sulfonamide 
PFPeA Perfluoropentanoic acid 
PFPeS Perfluoropentane sulfonat 
PFSA Perfluoroalkanesulfonate 
PFUnDA Perfluoroundecanoic acid 
POSF Perfluorooctanesulfonyl fluoride 
RS Recovery standard 
S-EPA Swedish environmental protection agency 
SPE Solid phase extraction 
WFD Water Framework Directive 
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Appendix 2 

Sampling points 

Sample ID Sampling point Coordinate RT 90 Coordinate WGS84 
1003 Åråsforsarna 6545186, 1401221 59.016839, 14.085583 

1005 Gullspångsälven 6541488, 1402774 58.984008, 14.114234 

1021 Letälven Bro Åtorp 6555790, 1417566 59.115457, 14.366019 

1025 Letälven utlopp ur Möckeln 6569021, 1422423 59.235115, 14.446077 

1101 Hovaån 6531188, 1409072 58.892963, 14.227939 

1201 Skagersholmsån 6537752, 1418490 58.953832, 14.388818 

2001 Svartälven, utlopp i Möckeln 6579203, 1430746 59.327936, 14.588588 

2041 Nedströms Hällefors 6623403, 471991 59.747553, 14.501642 

2541 Lesjön utlopp 6652869, 1409251 59.984831, 14.179444 

2544 Utlopp i Bredreven 6648163, 1411577 59.943115, 14.223111 

3001 Timsälven, utlopp i Möckeln 6579508, 1428255 59.330302, 14.544832 

3010b Lonnen/Timsälven 6582346, 1426402 59.355406, 14.511228 

3082 Storfors vid kraftverk 6602205, 1412823 59.531016, 14.264503 

3083 Storfors uppstörms 6603159, 1413770 59.539767, 14.280856 

3102 Kilstabäcken 6584950, 1423061 59.378174, 14.451592 

3410b Daglösen utlopp, Prästbäcken 6612569, 1412819 59.624009, 14.260179 

3415b Daglösen inlopp 6622290, 1407899 59.710171, 14.168769 

W1 Gullspång 6542133, 1402150 58.989652, 14.103098 

W2 Hova 6528088, 1408565 58.865038, 14.220428 

W3 Finnerödja 6535595, 1420303 58.934743, 14.421101 

W5 Degerfors 6567507, 1421016 59.221263, 14.422002 

W6 Karlskoga 6576941, 1426672 59.306946, 14.517993 

W7 Hällefors 6628890, 1427429 59.773267, 14.513369 

W10 Storfors 6601800, 1412501 59.527316, 14.258977 

W11 Nykroppa 6611464, 1415216 59.614589, 14.303083 

W12 Filipstad 6620569, 1408341 59.694832, 14.177374 

W14 Lesjöfors 6650396, 1410182 59.962755, 14.196954 

L1 Mosserud Karlskoga 6578918, 1421910 59.323829, 14.433568 

L2 Miljöbolaget Storfors 6608410, 1412376 59.586597, 14.254047 

Numbers=ID in  the monitoring program, W=Wastewater treatment plant, L= Landfill 
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Appendix 3 
Results in ng/L and recovery in % for each sampling point and compound 
 
Extraction 3 1 2 2 2 1 2 2 3 1 

Sample 1003 1005 1021 1025 1101 1201 2001 2041 2544 2541 

PFBA 0.97 <LOD 0.57 0.65 1.61 <LOD 0.60 <LOD 1.01 0.60 
PFPeA 0.97 0.29 0.68 0.45 0.34 <LOD 0.48 0.36 0.85 0.35 
PFHxA <LOD 0.30 0.23 0.29 0.27 0.16 0.17 0.17 <LOD 0.24 
PFHpA 0.43 0.38 0.33 0.44 0.25 0.21 0.33 0.34 0.50 0.45 
PFOA 0.52 0.48 0.40 0.63 0.30 0.35 0.39 0.36 0.51 0.50 
PFNA 0.21 0.21 0.20 0.44 0.30 0.10 0.24 0.17 0.21 0.33 
PFDA 0.05 0.04 0.04 0.10 0.02 0.03 0.04 0.03 0.06 0.05 
PFUnDA <LOD <LOD <LOD 0.06 <LOD <LOD <LOD <LOD <LOD <LOD 

PFDoDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.05 <LOD 

PFTrDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFTDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFHxDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFOcDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFBS 1.35 1.26 0.89 0.77 0.15 0.15 0.11 0.11 0.15 0.13 
PFPeS <LOD 0.03 <LOD <LOD <LOD 0.04 <LOD <LOD <LOD 0.01 
PFHxS 0.12 0.29 0.12 0.07 0.06 0.19 0.08 0.07 0.09 0.07 
PFHpS 0.05 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFOS <LOD 0.54 0.42 0.70 0.29 0.55 0.35 0.35 <LOD 0.29 
PFNS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDoDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4_2_FTSA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

6_2_FTSA 0.29 0.22 <LOD <LOD 0.04 0.05 <LOD <LOD 0.22 0.20 
8_2_FTSA <LOD 0.002 <LOD 0.002 <LOD <LOD 0.004 <LOD <LOD 0.003 
            
Recovery 1003 1005 1021 1025 1101 1201 2001 2041 2544 2541 
IS_PFBA 76.7 39.4 63.3 82.3 56.6 43.2 71.7 51.1 79.4 61.1 
IS_PFHxA 109.4 92.7 94.1 89.7 95.5 85.8 93.5 92.7 98.4 80.4 
IS_PFHxS 94.4 95.3 102 95.7 100.9 84.6 95.2 97 92.2 84.2 
IS_PFOS 92.6 92.2 97.6 98.8 101.3 88.4 95.2 94.5 87.1 89 
IS_PFOA 101.6 99 104 97.8 104.6 87.1 99.4 98.9 96.4 90.3 
IS_PFNA 103.3 100 104.8 97.5 104.1 81.4 103.7 96.4 96.1 93 
IS_PFDA 99.2 97.9 100.7 95.3 97.2 74.5 99.6 93.2 93.7 90.4 
IS_PFUnDA 87.4 90.7 94.4 90.1 83.3 62.6 93.8 87.9 82.9 84 
IS_PFTDA 27.1 48.8 67.3 49.8 20 8.3 78.8 24.7 11 50.5 
IS_PFDoDA 71.7 74.7 81.6 78.1 61.7 40.3 84 69.3 61.4 71.9 
IS_PFHxDA 16 22.8 46.9 31 9.4 2.4 61.4 6.7 0.8 34.9 
IS_8_2_FTSA 90 69.7 95.9 87.5 89.9 50.4 90.2 68.6 65.2 81.5 

IS_6_2_FTSA 87.8 71 87.7 78.4 81.7 57.6 81.7 69.4 68.8 74.7 

           
    50‐120 %           
     20‐50, 120‐150 %          
     >20, <150 %          
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Extraction 2 3 2 3 3 2 2 1 2 

Sample 3001 3010 3102 3082 3083 3410 3415 L1 L2 

PFBA 0.73 1.16 1.38 0.84 0.91 0.68 0.80 129.5 26.5 
PFPeA 0.44 1.08 1.54 1.24 0.91 0.36 0.52 123.9 143.8 
PFHxA 0.41 <LOD 1.18 <LOD <LOD 0.18 0.19 275.7 91.1 
PFHpA 0.42 0.49 0.94 1.04 0.38 0.35 0.43 228.2 41.0 
PFOA 0.43 0.47 0.92 0.51 0.46 0.38 0.40 266.0 20.8 
PFNA 0.20 0.18 0.17 0.21 0.19 0.23 9.64 5.4 2.0 
PFDA 0.03 0.04 0.05 0.05 0.04 0.04 0.08 1.4 0.2 
PFUnDA <LOD <LOD <LOD <LOD <LOD <LOD 3.19 <LOD 0.4 
PFDoDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFTrDA <LOD <LOD <LOD <LOD <LOD <LOD 0.09 <LOD 0.1 
PFTDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFHxDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFOcDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFBS 2.99 2.79 0.95 43.27 1.05 0.23 0.19 96.3 2057.8 
PFPeS <LOD 0.05 0.13 0.04 <LOD <LOD <LOD 15.8 10.6 
PFHxS 0.14 0.16 0.74 0.14 0.09 0.09 0.08 35.3 33.6 
PFHpS <LOD 0.02 <LOD 0.03 <LOD <LOD <LOD 2.8 3.7 
PFOS 0.80 <LOD 1.04 7.08 <LOD 0.39 0.68 20.4 41.5 
PFNS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDoDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4_2_FTSA 0.003 0.004 <LOD 0.04 <LOD <LOD <LOD 0.2 0.2 
6_2_FTSA 0.23 0.26 0.22 0.04 0.04 <LOD 0.04 9.6 22.1 
8_2_FTSA <LOD <LOD 0.004 <LOD <LOD <LOD 0.003 0.2 0.3 
           
Recovery 3001 3010 3102 3082 3083 3410 3415 L1 L2 
IS_PFBA 62.2 81.9 66.5 84.7 82 75 78.6 2.7 20.2 
IS_PFHxA 86.5 97.5 89 101.3 104.9 88.9 87.2 67.2 76.7 
IS_PFHxS 91.4 90.9 95.7 92.3 91.8 93.1 93 94.4 94.6 
IS_PFOS 88.1 88.1 95.7 87 88.2 93.3 86.9 91.1 89.6 
IS_PFOA 94.9 96.1 98.3 96.7 95.8 97.8 94.9 94.6 100.1 
IS_PFNA 96.2 93 100.3 95.7 96.4 97.1 93.3 87.7 97.9 
IS_PFDA 93 90.3 97.6 92.7 97.5 96.8 89.9 81.3 90.3 
IS_PFUnDA 84.8 81.1 87 81.3 96.8 87.3 70 63.9 76.3 
IS_PFTDA 53.1 17.8 13.7 9.3 27.3 38.5 15.5 5.6 28.7 
IS_PFDoDA 71.9 72.8 66.7 63.2 88 73.8 49.7 40 57.2 
IS_PFHxDA 38.5 6.6 4.3 1.6 12 21.4 3.8 2.4 18.9 
IS_8_2_FTSA 87.1 84.2 88.5 43.6 60.9 88.6 81.4 70 86.7 

IS_6_2_FTSA 78.9 78.1 73.6 56 69 80.5 77.2 64.9 150.8 

          
    50‐120 %          
     20‐50, 120‐150 %         
     >20, <150 %         

 



Project in Chemistry 30 hp 
School of Science and Technology   

32 
 

 
Extraction 3 4 4 4 3 3 3 4 3 4 

Sample W1 W2 W3 W5 W6 W7 W10 W11 W12 W14 

PFBA <LOD 3.47 2.97 3.45 7.99 4.51 1.55 1.64 4.89 0.82 
PFPeA 0.86 3.07 1.19 0.61 5.91 1.06 1.15 0.73 1.75 0.62 
PFHxA 1.99 2.14 1.34 0.98 5.59 1.71 <LOD 0.68 <LOD 0.47 
PFHpA 0.59 0.58 0.59 0.41 3.07 0.80 0.63 0.97 1.09 0.28 
PFOA 1.45 2.47 1.61 1.03 5.46 2.21 1.15 0.86 1.60 0.39 
PFNA 0.20 0.20 0.22 0.15 0.36 0.31 0.12 0.23 0.39 0.08 
PFDA 0.12 0.13 0.23 0.16 0.28 0.31 0.07 0.10 0.20 0.06 
PFUnDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDoDA <LOD <LOD <LOD <LOD <LOD 0.12 <LOD <LOD <LOD <LOD 

PFTrDA <LOD <LOD <LOD <LOD 0.10 0.09 <LOD <LOD <LOD <LOD 

PFTDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFHxDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFOcDA <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFBS 1.12 0.29 0.28 0.81 7.39 0.51 1.51 0.47 7.04 0.14 
PFPeS 0.23 <LOD 0.05 0.07 0.58 0.28 1.15 0.06 0.14 0.03 
PFHxS 2.22 0.14 0.28 0.43 1.88 1.08 4.03 0.25 0.90 0.16 
PFHpS 0.13 <LOD <LOD <LOD 0.21 0.10 0.23 <LOD 0.10 <LOD 

PFOS <LOD 0.59 0.85 0.98 <LOD <LOD <LOD 1.02 <LOD 0.27 
PFNS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

PFDoDS <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4_2_FTSA <LOD <LOD <LOD <LOD 0.01 <LOD <LOD <LOD 0.004 <LOD 

6_2_FTSA 0.46 0.28 0.26 0.14 1.30 0.34 0.38 0.48 0.65 0.23 
8_2_FTSA 0.18 0.03 <LOD 0.08 0.01 0.04 0.01 <LOD 0.26 0.04 
             
Recovery W1* W2 W3 W5 W6 W7 W10 W11** W12 W14 
IS_PFBA  83.4 76.8 78.7 67.1 74.6 77.2  56.4 89 
IS_PFHxA  102.9 103.1 101.5 99 91 101.3  102.9 108.2 
IS_PFHxS  96.8 93.7 92.2 86.2 80.6 96.1  83.8 97 
IS_PFOS  77 69 71.7 69.6 67.2 67.6  69.5 79.7 
IS_PFOA  97.9 94.8 93.3 89.3 82.7 96.7  87.8 98.8 
IS_PFNA  94.8 88 88.7 86.8 78.9 92.7  81 97.5 
IS_PFDA  83.2 64.1 74.5 71.4 65.4 74  74.8 83.2 
IS_PFUnDA  65.4 39.3 57.5 48.5 44 50.4  62.9 59 
IS_PFTDA  10.8 3.8 11.3 3.5 5.6 5.6  11.3 13.4 
IS_PFDoDA  44.9 20.5 38.9 27 24.4 27.6  47.7 36.6 
IS_PFHxDA  9.7 2.3 6.1 2.4 4.2 3.9  3.2 9.9 
IS_8_2_FTSA  63.2 49.9 57.4 58.8 63 57.3  75.4 67.9 

IS_6_2_FTSA   67.3 68.6 68.8 71.5 66.7 82.6   70.8 76.8 

           
    50‐120 %           
     20‐50, 120‐150 %          
     >20, <150 %          
* No recovery standard added        
** Unknown part of sample discarded recovery can’t be calculated    

 


