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Sammanfattning  

Resultaten visar att många fler PFAS kongener kan bestämmas i dammprover än i ytvatten och 

avloppsvattenprover. I damm kvantifierades i minst ett prov 36 PFAS, jämfört med 6 PFAS i ytvatten 

och 8 PFAS i avloppsvatten. Det vara stora variationer i PFAS-koncentrationerna i dammprover mellan 

industrier med olika aktiviteter, vilket mycket väl återspeglar en användning av PFAS-innehållande 

produkter. Nivåerna var generellt högre i industriellt damm än vad som uppmättes tidigare i 

hushållsdamm. Tidigare observerade höga PFPA- och PFPIA-koncentrationerna kunde inte bekräftas, 

varken i damm eller i vattenproverna. Omfattande metodvalideringsarbete indikerade att damm 

representerar en exceptionellt komplex matris, vilket kan vara en del av förklaringen. Därmed ska 

rapporterad damm koncentrationer tolkas med varsamhet och uppföljande studier behövs för att 

bekräfta observationer. 

PFAS-nivåerna i ytvattnet var generellt under kvantifieringsnivåer. Endast 6:2 FTSA hade förhöjda 

nivåer i några få prover. Källan till 6:2 FTSA är inte känd. Som förväntat kunde det konstateras att 

Skellefteå flygplats släpper ut PFAS som kommer från brandbekämpningsskum, främst PFOS och 

PFHxS. Kvantifierbara nivåer av PFAS hittades även i ett prov nedströms samhället Kusmark, med 

okänd källa.  

En viktig slutsats i studien var att många företrädare för industrin inte kände till omfattningen av PFAS-

förorening i sina anläggningar. Ingen av de inkluderade industrierna rapporterade användningen av 

PFAS, medan det framgår av litteraturgranskningen och den observerade PFAS-koncentrationen i 

dammproverna, att PFASs hanteras i respektive anläggning. Detta belyser behovet av att förbättra 

medvetenheten om källorna genom bättre rapportering av innehållet i produkter. Det är viktigt att 

förbättra informationen om vilka PFAS som finns i produkter, och därmed ytterligare undersöka 

potentiella exponeringskällor. Flera toxikologiska studier har gjorts på det reglerade PFOS och PFOA, 

medan för andra PFASs är informationen möjliga hälsoeffekter ytterst begränsat. 
 



 

3 
 

Summary 
Per- and polyfluoroalkyl substances (PFASs) are industrial chemicals that have been produced in large 

amounts since the 1950s and have been emitted into the environment ever since. Their extreme 

stability and mobility, in combination with their bioaccumulative and toxic properties make them 

chemicals of high concern. Their abundance in various matrices worldwide confirms this concern. 

PFASs can be found in many industrial and consumer applications, which can lead to human exposure 

to varying extents. Industrial- as well as household dust has been observed to contain high PFAS 

concentrations. A previous study, conducted in 2015 (EDC2020) reported extraordinarily high levels of 

the perfluorinated phosphonic (PFPA) and phosphinic (PFPIA) acids in household dust from Skellefteå 

municipality, collected from household vacuum cleaner bags. Therefore, one research objective in this 

study was to investigate the sources of these compounds in Skellefteå municipality, together with a 

general investigation of the spread of PFASs in the municipality. Given the extreme concentrations (>2 

g/g dust), it was hypothesized that contamination may stem from the local industries and that 

workers might bring the compounds into households with exposed clothes. A literature study was 

conducted in order to explore what industry types would come into question. Subsequently, 

questionnaires were sent out to representatives of the industries identified as possibly handling PFAS 

compounds in their processes, enquiring more information on their activities and possible application 

of PFAS containing products. Finally, dust samples from a total of six industries were collected, and 

together with strategic surface water and wastewater samples the results from the analyzed samples 

should help to draw conclusions about the source and distribution of the PFASs compounds in 

Skellefteå municipality. 

Results show that many more PFASs could be determined in the dust samples than in the surface water 

and waste water samples. In dust 36 PFASs were quantified in at least one sample (13 perfluoroalkyl 

carboxylic acids [PFCAs] and 4 perfluoroalkyl sulfonic acids [PFSAs], 9 PFAS precursors and 10 

phosphorus PFAS), compared to 6 PFASs in surface water (2 PFCAs, 3 PFSAs, and 6:2 FTSA) and 8 PFASs 

in waste water (2 PFCAs, 3 PFSAs, 3 PFAS precursors). Generally, PFAS concentrations in the industry 

dust samples varied with the different activities, very well reflecting an ongoing use of PFAS containing 

products. The levels were generally higher in the industry dust, than what was measured earlier in the 

household dust.  

The PFAS levels in the surface water were generally below quantification levels. Only 6:2 FTSA was 

present at elevated levels in a few samples. The source of 6:2 FTSA is not known. As has been reported 

earlier, the recipient from the airport receive PFASs coming from firefighting foam, mainly PFOS and 
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PFHxS. Quantifiable levels of PFAS were also found in one sample downstream the society Kusmark, 

with unknown source.  

The earlier observed high PFPA and PFPIA concentrations could not be confirmed, neither in the dust 

nor in the water samples. Extensive method validation work on the other hand indicated that dust 

represents an exceptionally complex matrix and any type of reported dust concentration should be 

interpreted carefully. Optimally, more efforts should be invested in the homogenization of the 

samples. 

One main conclusion of the study was the realization that many representatives of the industries are 

unaware of the extent of PFAS contamination in their facilities. None of the included industries 

reported the use of PFASs, while from the literature review and the observed PFAS concentration in 

the industries dust, it is apparent that PFASs are handled in the respective factories. This highlights the 

need to improve the awareness of the sources by better reporting the content in products. It is 

important to further investigate potential sources and to inform industrial representatives about PFASs 

in their applied products. Although several studies have been performed on the regulated PFOS and 

PFOA, little is known about possible health consequences from the other PFASs.   
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1. Introduction 
Per- and polyfluoroalkyl substances (PFASs) are persistent man-made chemicals with unique 

physico-chemical properties. They contain a highly fluorinated carbon chain as well as a 

hydrophilic functional group, giving them repellent properties that make them valuable for 

the use in a wide array of consumer and industrial products, e.g. textiles, paints, lubricants, 

waxes and aqueous fire-fighting foams (AFFFs) (Buck et al., 2011). However, PFASs are 

extremely stable and mobile, and have been shown to be bioaccumulative and toxic (Ahrens 

and Bundschuh, 2014). The universal use of PFASs has led to a broad environmental 

distribution of these compounds globally, even into remote ecosystems (Giesy and Kannan, 

2001).  

It is believed that between 3000 and 4700 fluorinated organic substances are likely to be on 

the world market (KemI 2015, OECD 2018). The trend goes towards a more wide use today, 

from in products more well-known such as fire foam, textiles and food packaging to less 

investigated as cosmetics, dental materials and cleaning products, and any dirt-repellent 

surface treatment. There is an alarming lack on information on use and sources on many of 

the novel PFASs, partly due to import of goods but also as these chemicals are very potent and 

therefore only need to be used in low concentrations. Since June 2018, manufacturers and 

importers do not need to register any information for quantities below 1 tonne / year within 

REACH.  

The Swedish product register has similar restrictions in the registration requirement for 

additives that are used in concentrations lower than 5 percent, which is often the case for 

highly fluorinated substances in chemical products. There is a need for increased reporting 

requirements from industry in both Sweden and the rest of the EU. Furthermore, we see that 

there is a need to monitor the development for both the more well-known and the lesser-

recognized uses. Despite this only a fraction of PFASs are included in monitoring programs. 

The reason for this being that many individual compounds have not yet been identified, and 

consequently no analytical standards are available. Furthermore, the improvement of any risk 

assessment is dependent on the continuous collection of exposure data, especially for novel 

compounds.   



 

7 
 

Within the project EDC-2020 (FORMAS Project number 216-2013-1966) large samples of dust 

were collected from three regions of Sweden. The purpose was to characterize the dust, 

coming from household vacuum cleaner bags regarding chemical contamination as well as 

physical properties (Gustafsson et al. 2018). The results of the PFAS analysis revealed 

exceptionally high levels (>2 g/g dust) of perfluoroalkyl phosphonic acids (PFPA) and 

perfluoroalkyl phosphinic acids (PFPIA) in the pooled dust samples from Skellefteå, whereas 

the other PFASs were comparable between the three regions. As a follow-up, samples from 

10 of the 16 pooled vacuum cleaner bags from Skellefteå were available for individual analysis. 

Only two bags contained PFPA/PFPIA (1.2 g/g dust and 0.1 g/g dust), which could not 

explain the high levels determined in the pooled sample. The conclusion was that the 

contamination of PFPA/PFPIA was not a general contamination but rather a point source. The 

hypothesis was that if an industry is handling these chemicals, the employees could transport 

the chemicals via dust to their households (Fu et al. 2015). 

PFPA and PFPIA are high production volume chemicals (HPVC) (KEMI 2006), belonging to the 

perfluoroalkyl acid family, together with perfluoroalkyl carboxylic acids (PFCAs) and 

perfluoroalkyl sulfonic acids (PFSAs). Today PFPA and PFPIA and the perfluoroalkyl phosphate 

esters (PAPs) are seen as possible replacement for compounds such as the regulated PFOA 

and PFOS (Wang et al. 2015). Due to their ability to lower surface tension, PFPA, PFPIA and 

PAPs may be used to modify the rheology of waxes and resins, as wetting and levelling agents, 

anti-foam agents and coupling agents in a number of products and industries (Öst 2017). 

Wetting and levelling agents are frequently used as additives in floor polishes and waxes 

(Tivida FL 2200. Merck Darmstadt, Germany) and surface treatments (Masurf- FS 710, FS 780, 

FS 715MS Pilot Chemicals. Cincinnati, Ohio). They are added to paints and coatings, enabling 

an even and smooth layer application to the material of choice, such as glass, metal or stone, 

and hence crater formation can be avoided.  

Anti-foaming agents are used in pesticide formulations (Bayer Cropscience Lp, USA. Patent 

2010 No. US 7842647 B2.; Clarian, USA. Patent 2002 No. US6444618 B1.) jet inks (Capstone™. 

Chemours, Wilmington, Delaware) and windscreen washer fluid (Wellington laboratories1), 

                                                             
1 https://well-labs.com/docs/pfc_reference_handling_guide.pdf  
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which are all liquids, stored in a container and exposed to a pressure, to facilitate the smooth 

distribution of the liquid through a mouthpiece. The PFPA and PFPIA is added to suppress the 

formation of foam and to ensure an even distribution of liquid. In 2009, a patent was applying 

for using perfluorinated phosphonates as mist-suppressant in chrome-plating (Ignatye and 

Hierse 2009). Today, PFPA, PFPIA and PAP can be found not only in the industry sector, but in 

our day-to-day use of products. PFPA and PFPIA can be found in cosmetics that are “water 

proof and stable products” (Daito Kasei Kogyo; Unimatec). PAPs are used in foundation 

cosmetics (Schultes et al. 2018) and as anti-grease additives in food contact paper (D'Eon and 

Mabury 2011) and as anti-foam-and levelling agents in inks (Capstone™. Chemours, 

Wilmington, Delaware). It is difficult to estimate the presence of these chemicals in Swedish 

products, considering these being mainly non-European companies. More information needs 

to be gathered to get the full picture of possible point sources in our households, which could 

contribute to the high levels found in dust from residential homes.  

The main aim of this study was to identify the source of PFPA/PFPIAs in Skellefteå municipality. 

Sixteen industries were contacted, each representing processes in which these chemicals are 

possibly handled. The responding industries were asked to be visited for dust sampling. In 

total, eleven dust samples were collected from six industries in the municipality. In addition, 

three dust samples from a previous study, i.e. from an electronic scrap smelter that were 

sampled in 2012 were added. To monitor the general environmental distribution of PFASs in 

the municipality, twelve surface water samples, and influent- and effluent water samples from 

six wastewater treatment plants were analyzed in addition to the industrial dust samples. In 

total 38 PFASs were analyzed in the three matrices; surface water, waste water and dust. In 

addition, effort was put into the quality assurance of the dust analysis, as it has shown to be 

a rather complex matrix. 

2. Materials and Methods 

2.1 Chemicals 
In total 38 PFASs were targeted for analysis: four PFSAs, 13 PFCAs, three perfluoroctane sulfonamides 

(FOSAs), three perfluorooctane sulfonamidoacetic acids (FASAs), three perfluoroalkane 

sulfonamidoacetic acids (FASAAs), two perfluoroalkane sulfonamidoethanols (FASEs), three 

fluorotelomer sulfonic acids (FTSAs), four polyfluoroalkyl phosphates (PAPs), three perfluoroalkyl 

phosphonic acids (PFPAs) and three perfluoroalkyl phosphinic acids (PFPIAs) (Table 1).  
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Table 1. PFAS target compounds 
Substance Acronym Molecular formula CAS-nr 
PFCAs    
Perfluorobutanoic acid PFBA C3F7CO2H 375-22-4 
Perfluoropentanoic acid PFPeA C4F9CO2H 2706-90-3 
Perfluorohexanoic acid PFHxA C5F11CO2H 307-24-4 
Perfluoroheptanoic acid PFHpA C6F13CO2H 375-85-9 
Perfluorooctanoic acid PFOA C7F15CO2H 335-67-1 
Perfluorononanoic acid PFNA C8F17CO2H 375-95-1 
Perfluorodecanoic acid PFDA C9F19CO2H 335-76-2 
Perfluoroundecanoic acid PFUnDA C10F21CO2H 2058-94-8 
Perfluorododecanoic acid PFDoDA C11F23CO2H 307-55-1 
Perfluorotridecanoic acid PFTrDA C12F25CO2H 72629-94-8 
Perfluorotetradecanoic acid PFTeDA C13F27CO2H 376-06-7 
Perfluorohexadecanoic acid PFHxDA C15F31CO2H 67905-19-5 
Perfluorooctadecanoic acid PFOcDA C17F35CO2H 16517-11-6 
PFSAs    
Perfluorobutane sulfonic acid PFBS C4F9SO3H 375-73-5 or 59933-66-3 
Perfluorohexane sulfonic acid PFHxS C6F13SO3H 355-46-4 
Perfluorooctane sulfonic acid PFOS C8F17SO3H 1763-23-1 
Perfluorodecane sulfonic acid PFDS C10F21SO3H 335-77-3 
FASAs    
Perfluorooctane sulfonamide FOSA C8F17SO2NH2 754-91-6 
N-methylperfluoro-1-octanesulfonamide MeFOSA C8F17SO2N(CH3)H 31506-32-8 
N-ethylperfluoro-1-octanesulfonamide EtFOSA C8F17SO2N(C2H5)H 4151-50-2 
FASAAs    
Perfluorooctane Sulfonamidoacetic acid FOSAA C8F17SO2N(CH2CO2H)H 2806-24-8 
N-methylperfluoro-1-
octanesulfonamidoacetic acid 

MeFOSAA C8F17SO2N(CH3)CH2CO2H 2355-31-9 

N-ethylperfluoro-1-
octanesulfonamidoacetic acid 

EtFOSAA C8F17SO2N(C2H5)CH2CO2H 2991-50-6 

FASEs    
2-(N-methylperfluoro-1-
octanesulfonamido)-ethanol 

MeFOSE C8F17SO2N(CH3)CH2CH2OH 24448-09-7 

2-(N-ethylperfluoro-1-
octanesulfonamido)-ethanol 

EtFOSE C8F17SO2N(C2H5)CH2CH2OH 1691-99-2 

FTSAs    
6:2 fluorotelomer sulfonate 6:2FTSA C8H4F13SO3H 425670-75-3 
8:2 Fluorotelomer sulfonate 8:2FTSA C10H4F17SO3H 481071-78-7 or 39108-34-4 
10:2 Fluorotelomer sulfonate 10:2FTSA C12H4F21SO3H 120226-60-0 
PAPs    
6:2 Fluorotelomer phosphate monoester 6:2PAP C8H6F13O4P 57678-01-0 
8:2 Fluorotelomer phosphate monoester 8:2PAP C10H6F17O4P 57678-03-2 
6:2 Fluorotelomer phosphate diester 6:2diPAP C16H9F26O4P 57677-95-9 
8:2 Fluorotelomer phosphate diester 8:2diPAP C20H9F34O4P 678-41-1 
PFPAs    
Perfluorohexyl phosphonic acid PFHxPA C6H2F13O3P 40143-76-8 
Perfluorooctyl phosphonic acid PFOPA C8H2F17O3P 40143-78-0 
Perfluorodecyl phosphonic acid PFDPA C10H2F21O3P 52299-26-0 
PFPiAs    
Bis(perfluorohexyl) phosphinic acid 6:6PFPiA C12HF26O2P 40143-77-9 
Perfluoro(hexyloctyl) phosphinic acid 6:8PFPiA C14F30O2P 610800-34-5 
Bis(perfluorooctyl) phosphinic acid 8:8PFPiA C16HF34O2P 40143-79-1 
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In addition, 22 isotopically labelled, and two chlorine labelled internal standard (IS) were used: 13C4-

PFBA, 13C2-PFHxA, 13C4-PFOA, 13C5-PFNA, 13C2-PFDA, 13C2-PFUnDA, 13C2-PFDoDA, 18O2-PFHxS, 13C4-PFOS, 
13C8-FOSA, d3-MeFOSA, d5-EtFOSA, d7-MeFOSE, d9-EtFOSE, d3-MeFOSAA, d5-EtFOSAA, 13C2-6:2FTSA, 
13C2-8:2FTSA, 13C2-6:2PAP, 13C2-8:2PAP, 13C4-6:2diPAP, 13C4-8:2diPAP, Cl-PFHxPA, Cl-PFOPA. 

2.2 Sampling and sampling sites 
The details about the samples and their matrices are given Appendix 1. 

2.2.1 Surface water  

Surface water was sampled at locations selected in discussion with Skellefteå municipality to include 

major rivers, upstream and downstream industries, and communities. The sampling points were 

matched with ongoing monitoring sites to access data on water flows and other chemical parameters, 

when needed. In total, thirteen surface water samples were collected, covering the municipality from 

North to south and East to West. The grab samples (GS) were taken in the ongoing flow, using an 

extension stick from the shore, or a bucket from a bridge when needed (Figure 1).  

  
Figure 1. Sampling in Åbyälven and Burträsk Lake. 

At each site the coordinates were taken using google maps (Table 3. Water sample coordinates and 

sampling description). A 1-liter polypropylene (PP) bottle was filled, shaken and emptied three times 

before the sample was collected. From that bottle, 10 mL was taken out with a syringe, filtered through 

a single use filter (Regenerated Cellulose (RC) Syringe Filters, 0.45 µm pore size, GE Healthcare Life 

Sciences, Whatman, UK) into an analytical cylinder (10 mL polystyrene vials, Thermo Scientific™ 

Dionex™) and fortified with an internal standard solution. The remains in the 1-Liter bottle was stored 

cooled until frozen in the laboratory. A separate plastic container (50 mL) was used for the DOC 

determination. At four randomly picked spots, duplicate samples were collected. During the sampling 



 

11 
 

period, 2-6 October 2017 the water levels were exceptionally high due to intense rain2. Consequently, 

the flows in the rivers were higher than normal. 

2.2.2 Wastewater 

At each wastewater treatment plant (WWTP) high water levels also affected the inflow in the WWTP. 

All sites reported around two-fold higher flow than normal, i.e. between 413 and 978 m3/h (Table 4). 

There are 15 WWTPs in the municipality of Skellefteå. The largest WWTP, Tuvan has 6000 person 

equivalents connected to their system and is located downstream of Skellefteå town. The other 5 

WWTPs were selected due to connected industrial activities which has been selected in the master 

thesis of M. Öst (Öst 2017). The six WWTPs covered the municipality geographically from north to 

south and east to west. Details such as coordinates, capacities, processes, and recipients are reported 

in Table 4. In Table 2 is an overview of the number of connected industries to the WWTPs, divided into 

the identified activities, and results from the questionnaire sent out to the industry is shown.  

Table 2.  Sample matrix of the wastewater treatment plants (WWTPs) in Skellefteå municipality, the activity and 
number of connected industries to the WWTPs (MÖ list), the number of contacted industries and their response 
of the questionnaire. In brackets are the numbers of industries that were visited for sampling of dust. In the last 
column the selected industries are summarized. The two private WWTPs in Kåge and Kusmark were not sampled.  
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Byske 3    2  1 (1) 1 1 1 
Kåge 4   3 (1)  1  3 2 1 
Tuvan 9  1(1)  5(1) 3(1)  9 7 3 
Burträsk 3 2     1(1) 1 1 1 
Boliden 2   1 1     0 
Jörn 1      1   0 
Private - Kåge 1    1   1 0 0 
Private - Kusmark 1   1    1 0 0 

Sum 24       16 11 6 
 
At each WWTP four samples were taken, the GS of the inflow (IN-GS), the GS of the outflow (OUT-GS), 

the time integrated (TI) sample of the inflow (IN-TI) and the TI of the outflow (OUT-TI). The WWTP 

were asked to start a 24-hour integrated sampling the day before we arrived. A 24-h composite sample 

form the influent and effluent can be assumed to quite well reflect each other considering the 

                                                             
2 https://www.smhi.se/klimat/klimatet-da-och-nu/manadens-vader-och-vatten-sverige/manadens-vader-i-
sverige/oktober-2017-meteorologi-1.125743  



 

12 
 

residence time in the wastewater treatment plant. The handling of the GS, as well as TI samples were 

following the same procedures as described for the surface water. 

 

Figure 2. WWTP in Kåge and a collection canister for the 24-h time integrated sampling. 

2.2.3 Industry dust 

Before the sampling campaign, a master student investigated the industrial activities where PFAS in 

general, but especially the PFPA and PFPIA could have a function (Öst 2017). The industries contacted 

in Skellefteå municipality was based on that thesis, where five categories of industries, all available in 

Skellefteå, were identified as potentially working with PFPA and PFPIA in their production line, i.e. 

handling woods, stone, metals, paints and coatings, and plastics and rubber. In some cases, one 

company was applying several of these processes in one site. Further, waste disposal sites could be a 

source of PFAS contamination, that would be of more a general source and we were interested in the 

sources of these compounds. Therefore, no sampling of the waste disposal site was included in the 

study. 

The five industry categories of interest are described as follows in the thesis (Öst 2017): 

1. Wood: Fourteen companies are dealing with wood and wood products in Skellefteå and the activities 

span from wood processing to production of window frames. Sampling should be conducted at sites 

primarily handling pre-treated material, materials made for commercial use and commercial sale. Any 

wood felling industry and retailers for raw wood materials should be avoided, unless any treatment of 

wood is processed at the site. Main sampling areas could include assembly lines. Other possible 

sources could be painting of building materials destined for commercial sale. 

2. Stone: Even though the majority of the stone and mineral industry in Skellefteå focuses on raw and 

bulk material, some productions of stone goods are present, such as grave stones. Sampling should be 
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conducted at sites focusing on treatment of stone, processing or making of stone materials. Quarrying 

industry may be avoided, unless any treatment of stone is done at the site. 

3. Metal: Sampling should be conducted at sites handling treatment of metals, e.g. corrosion treatment 

and painting and coating, and/or production of metal goods for commercial use and commercial sale. 

Additionally, production of electronics, such as circuit cards or metal components in electronic devices 

are included together with any treatment of metals in the car industry, such as varnishing or spray 

painting. Industry working with refinement, bulking and raw material may be avoided. 

4. Paints and coating: Any industry performing painting and coating services, primarily industry 

providing paint and coatings for even and smooth application purpose e.g. paintworks on cars and 

painting and coating on furniture, vehicles and building material, primarily consisting of the materials 

mentioned above. This could also include waxes and resins for pre-treatment of other material, such 

as floor polish and waxes for vehicles and boats. Additionally, any production of paint and coatings 

should be included in the sampling. 

5. Rubber and plastic: Additional focus lies on industries producing rubber and/or plastic products from 

raw materials when needed to modify the rheology of these materials. This may include industry 

producing products from raw material on site, both for industrial use, but also products for commercial 

sale such as toys, furniture. Included are also companies producing raw material for redistribution. 

Questionnaires were sent out to 16 selected industries (Appendix 2), covering 4 of the 5 activities and 

distributed spatially over the municipality. Only stone industry was not included as it was estimated 

that no companies were large enough (considering the number of employees) to have had an impact 

on the home environment in the municipality. In addition, which WWTP was connected to the industry 

was also taken into account (Appendix 2). The questions focused on the presence of the PFPA and 

PFPIA, as well as the PAPs, as they could also be a source to PFPA/PFPIA. They were also asked if they 

handled other fluorinated organic chemicals in their process. The industries were also asked about the 

personnel, the number working in the production line, their habits before leaving work and if they 

would like to participate in the dust sampling. 

In total, 6 industries were selected for dust sampling (Table 5), based on their size and geographic 

spread in the municipality, plus representing different activites, i.e. 1 (wood), 3 (metal), 4 (paint) and 

5 (rubber and plastic). Depending on the size of the industry 1-4 samples were taken from different 

rooms, utilizing a Dustream™ dust collector (Indoor Biotechnologies Ltd., Wiltshire, United Kingdom) 

containing a disposable filter (mesh size 40 µm) and attached to a household vacuum cleaner tube.  
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In addition, three dust samples were included from a previous sampling at the recycling facility 

Rönnskärsverken in 2012 (Rydén 2013). This smelter is one of the world largest recycler of electronic 

scrap, coming from all over Europe. Settled dust was sampled in November 2012 from three locations 

within the facility.  

2.3. Chemical analysis: 

2.3.1. Water sample pretreatment  

Initially we intended to analyze the 10 mL samples filtered and fortified in the field, but due to the 

exceptionally high water levels we wanted to lower our detection limits and therefore we used water 

from the 1-liter bottles for analysis. Our experience has shown that only minor sorption of the PFASs 

to the PP bottles could occur while being stored. To circumvent that, the 1-liter bottles were rigorously 

shaken before the samples were taken out for filtration.  

All samples were analyzed according to (Ahrens et al. 2009) with some modifications. Briefly, 200- 500 

mL of filtered sample (1.2 μm glass fiber filter (GFF), GE Healthcare Life Sciences, Whatman, UK) were 

spiked with 100 μL of an internal standard (IS) mix (20-500 ng mL-1 in methanol) and extracted with 

solid-phase extraction (SPE) using Oasis WAX cartridges (6 cc, 500 mg, 60 μm, Waters Corporation, 

USA). Prior to extraction, the cartridges were preconditioned with 4 mL of a 0.5% ammonium 

hydroxide in methanol solution, 4 mL of methanol and 4 mL Millipore water. The flow rate of the water 

sample through the cartridge was adjusted to ∼ 1 drop s-1, thereafter the cartridge was washed with 1 

mL 2% formic acid in Millipore water and 2mL Millipore water. Subsequently, cartridges were dried in 

a centrifuge for 2 min at 3000 rpm and the extracts were eluted with 3 mL of methanol and 6 mL of a 

0.5% ammonium hydroxide solution in methanol. Finally, the extracts were concentrated under a 

nitrogen stream to 1 mL for analysis using high-performance liquid chromatography coupled to a 

tandem mass spectrometer (UPLC-MS/MS; see below).  

2.3.2. Dust sample pretreatment 

IS mixture (50 µl; 20-500 ng/mL) was added to 100 mg sieved (1 mm mesh) dust. The sample was 

extracted with 2 + 1 ml methanol in pre-cleaned homogenizer tubes with MeOH rinsed ceramic beads 

(Precellys Evolution Homogenizer, Bertin Technologies) at 4500 rpm for three times 10 sec. The extract 

was centrifuged (3000 rpm) for 10 min and the supernatant transferred into a new tube. The combined 

extract (3 mL) was split into two fractions in order to optimize the cleanup. Fraction one (50%) was 

used for analyzing the PFSAs, PFCAs, FOSAs, FOSEs, and FTSAs, whereas fraction two (50%) was used 

to analyse the PFPAs, PFPIAs, mono and diPAPs). 
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Sample pretreatment of fraction 1: The fraction was diluted with 25 mL Millipore water and the pH 

level was increased with ammonium hydroxide (NH4OH, Sigma Aldrich) to pH 10. Hexane (4 mL, J.T. 

Baker) was added to the water, separated by centrifugation (3000 rpm) and the hexane fraction 

discarded. The pH of the water was adjusted to pH 4 by adding formic acid. The water was added to a 

WAX cartridge (Oasis WAX 150 mg 6cc, Waters), washed with ammonium acetate (NH4Ac, pH4 Sigma 

Aldrich) and tetrahydrofuran (Biosolve)/MeOH (3/1) and eluted with methanol (6 mL) 0.1% NH4OH. 

The extract was eluted into a 15 mL centrifugation tube (pre-cleaned) and evaporated to dryness. The 

extract was transferred with MeOH into pre-cleaned PP-vials, and evaporated to dryness before being 

reconstituted in 200 µl MeOH. 

Sample pretreatment of fraction 2: The extract was further cleaned up by adding 20 µl formic acid 

(Sigma Aldrich) and 20 mg ENVI Carb (Supelco) to the 1.5 mL MeOH. The sample was vortexed 30 

seconds and centrifuged (3000 rpm) for 10 minutes. The methanol was transferred to a new tube (pre-

cleaned PP-vial) and evaporated until dryness. The residue was suspended with 100 µl methanol and 

100 µl Millipore water. 

2.3.3. PFAS instrumental determination 

PFAS analysis was executed with the help of a UPLC-MS/MS system. An Accela 1250 LC-pump and a 

HTS XT-CTC (CTC Analytics AG, Zwingen, Switzerland) auto sampler coupled to an Triple Quadrupole 

System (Thermo Fisher Scientific, TSQ Quantiva, San Jose, CA, USA) was used. An Aquity UPLC BEH-C18 

column (100 mm × 2.1 i.d., 1.7 μm particle size from Waters Corporation, Manchester, UK) was used 

as analytical column at a temperature of 40°C in the column oven. The liquid chromatography gradient 

started at 100% mobile phase A (95% Millipore water, 5% methanol with 5mM ammonium acetate 

and 5mM 1-methyl piperidine). After 1 minute it was gradually increased to 20% mobile phase B (75% 

methanol, 20% acetonitrile, 5% Millipore water with 2mM ammonium acetate and 5mM 1-methyl 

piperidine), and between 2.5 to 8 min towards 100% B. Mobile phase conditions changed back to 80% 

A and 20% B minute 8 to 11 before changing to 100% for the final time of the run (12 min). The triple 

mass spectrometer interface used an electrospray ionization (H-ESI) interface in negative ionization 

mode. The optimized parameters for mass spectrometric detection were as follows: vaporizer 

temperature 400°C, capillary voltage 2500 V, sheath gas 65 Arb, auxillary gas 12 Arb, sweep gas 2 Arb. 

Data acquisition was performed in single-reaction monitoring (SRM) mode with 0.4 second cycle time. 

Subsequently the data was analyzed with the TraceFinderTM 3.3 software (Thermo Fisher, San Jose, CA, 

USA). 
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2.4 Determination of dissolved organic carbon content 
The sum of the organically bound carbon present in the water samples, passing a filter of pore size 

0.45 m were measured by the analytic lab for water chemistry, SLU according to the Swedish standard 

SS-EN 1484. The dissolved organic carbon (DOC) values are reported in Table 8 and Table 9, although 

as the levels in water were generally below LOQ we have not normalized the reported values to DOC, 

as can be advisable.  

2.5 Quality control /Quality assurance (QA/QC) 

Dust samples 

A dust reference material (SRM2585, NIST) was used for the method validation of recovery, 

repeatability and accuracy, as the method has not before been applied in the laboratory. The dust was 

fortified with 0, 50 or 500 ng PFASs/g dust to SRM2585 dust samples in triplicate. The accuracy of the 

analysis of the non-fortified (0 ng/g dust) samples were satisfactory when compared to reported PFAS 

levels in literature (Figure 3 and Table 6 in Appendix 3), with an average of 101% (70-111%) for all 

PFCA/PFSA analytes, which are the compounds most often reported.  

 
Figure 3. Comparison of results from 3 studies (Reiner et al. 2015, Winkens 2018, Weiss et al. In preparation) with 
current study, for PFASs quantified in NIST dust sample SRM2585.  
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The repeatability were also satisfactory (RSD <15%) for all PFAS analytes, except Et-FOSA (173%) and 

FOSAA (64%) (Table 6). The low concentration in the reference material could be a factor for the 

variance in the analysis of these two compounds. 

The native PFAS were added to the reference material at a concentration >10 times the standard 

deviation of what was determined in the non-fortified sample, i.e. either at 50 or 500 ng/g dust (Table 

6).  

 
Figure 4. Recovery of the native standards added at 50 or 500 ng/g dust level (>10xSD). The PFASs that has no 
labeled internal standard is marked with yellow. 

Recoveries between 40-180% is considered satisfactory. Only PFOcDA and 10:2 FTSA showed higher 

recovery, which can be due to the lack of labeled internal standard (indicated with yellow bars in Figure 

4). To investigate the matrix effect, reference dust samples (SRM2585) were extracted in replicates 

(n=3) and used to make a matrix matched calibration curve. The PFASs recovery of the internal 

standards from the same samples, were calculated based on the matrix matched calibration curve, and 

compared to recovery calculated based on the solvent calibration curve (Figure 5). The results clearly 

show the effect the dust matrix has on the instrumental performance. Optimally, a matrix matched 

calibration curve should be created for every sample, as the dust matrix is highly heterogenic. As this 

is not possible due to limited sample volume, as well as an unrealistic number of samples to handle, 

we consider the method validated for the analytes that has performed satisfactory in the recovery, 

repeatability and accuracy experiments (Table 6).  
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Figure 5. The recovery of the IS calculated based on solvent calibration curve and based on the matrix matched 
calibration curve. The SD is the same for the two calculations and only added to the matrix matched calibration 
curve here.  
 

Sample homogenization is important, especially when handling complex matrices such as dust. A 

previous characterization of dust from vacuum cleaner bags from Stockholm region was made, 

focusing on discussing the difference between different size fractions (Gustafsson et al. 2018). In 

general, the dust is a heterogeneous matrix containing metals (e.g. Al and Zn), minerals (e.g. SiO2 and 

CaCO3) and organic matter containing bacteria, fungi and skin fragments. 

The original sample from Skellefteå municipality, analyzed in 2012 consisted of dust from vacuum 

cleaning bags with a size fraction of 390-1000 m. To investigate the influence of homogenization on 

such a large dust sample (~0.5 kg), the dust was re-analyzed by taking out 8 sub-samples (repeated 

samples, RS) from the large bottle, each after rigorously shaking the sample bottle (Figure 6). The 

sample results reflect the heterogeneity of the sample, which already visually could be seen. The 

sample consisted of grains in the bottom and “fluff” on the top, with straws and some hair in both 

layers. Most of the samples consisted of grains and two samples (RS #6 and 7) consisted of a larger 

part of fluff. Straws can especially be seen in four samples (RS #2, 5, 6 and 8). In sample #2 a green 

plastic piece can be seen. 
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Figure 6. The original Skellefteå sample of household dust collected from vacuum bags in the right photo, and the 
repeated samples (n=8) taken out from the pooled sample (RS#1-8).  
 

In general, the analysis of 5 out of 8 samples (63%) resulted in similar PFAS concentrations, in which 

10 PFASs were determined (8:2 FTSA, 10:2 FTSA, 6:2 diPAP, 8:2 diPAP, 6:6 PFPiA, PFOA, PFNA, PFDA, 

PFOS, PFDS and Et-FOSAA) and the repeatability were 1-47%. RS #2 and RS #7 contained high levels of 

mono and diPAPs. RS #6 contained elevated levels of FTSAs, diPAPs, PFHxPA and PFPiAs, as well as 

PFCAs, PFSAs and Et-FOSAA. No RSs contained elevated levels of PFHxPA-PFDPA that corresponded to 

the original analysis in 2013. 

 

Figure 7. PFAS concentrations determined in repeated samples (RS) #1-8 from Skellefteå vacuum cleaner bags.  
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No method blank PFAS levels were subtracted from reported PFAS levels in the samples.  The method 

limit of quantification (LOQ) was set as the lowest quantifiable (signal/noise >8) calibration curve 

concentration or average method blank concentration, plus 10 times the standard deviation (Table 7). 

The LOQ were between 0.05-1.9 ng/g dust for all PFASs except PFBA (25 ng/g dust) and 6:2 FTSA (146 

ng/g dust). 

Water samples 

The PFAS analysis in water was performed according to a routine analysis in the laboratory (Ahrens et 

al. 2009) which is extended for the analysis of trace PAPs, diPAPs and PFPis (Ding et al. 2012). As this 

method is considered qualitatively sound, only general QA/QC validation was necessary (method blank 

sample analysis). Two kinds of blank samples were run with every extracted batch: i) Millipore Quality 

(MQ) water. The volume corresponding to the extracted water samples was filled in pre-cleaned PP 

sample bottles, spiked with 100 µL internal standard mix (same as for samples) and extracted in the 

same procedure as the study samples. ii) Procedural blanks were collected by spiking a washed SPE 

cartridge with 100 µL internal standard mix (same as for samples) and extracted as other samples. The 

method LOQ for water samples was set as the lowest quantifiable (signal/noise >8) calibration curve 

concentration or average method blank concentration plus 10 times the standard deviation (Table 7). 

Blank water samples were analyzed in duplicates or triplicates with the batch of water samples. The 

LOQ were between 0.1-2.5 ng/L for all compounds in surface water and wastewater, except 6:2 FTSA 

(4.6-11 ng/L) and 6:2 diPAP (1.8-4.0 ng/L).  PFDA, PFHxS, 6:2FTSA, FOSA, 6:2diPAP, 8:8 PFPiA och PFDPA 

could be quantified at low levels in the solvent blank samples. The blank values are not extracted from 

the reported levels as the set LOQ levels are taking the contamination into consideration. Recovery of 

the internal standards were evaluated by comparing the average response of the internal standard 

compound in the calibration curve with the response in the sample. Average recovery of the reported 

analytes were between 73-115% (SD=10-21%) 

.  
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3. Results and discussion 
The PFASs analyzed in this study are divided into groups based on their functional groups and degree 

of fluorination. These groups are: ∑PFCAs (PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUnDA, 

PFDoDA, PFTriDA, PFTeDA, PFHxDA and PFOcDA), ∑PFSAs (PFBS, PFHxS, PFOS and PFDS), ∑PFAS 

precursors (FOSA, MeFOSA, EtFOSA, EtFOSE, FOSAA, MeFOSAA, EtFOSAA and FTSA), and 

∑phosphorous PFAS (PFPA, PFPiA and mono and diPAP). 

The detailed results are reported in Table 8-Table 11 in Appendix 4. Below follows a discussion for each 

sample matrix. Caution should be taken before drawing any conclusions based on one grab-sample 

only. The reported levels reflects the concentration in that one sample only. There is a risk that false 

positives, as well as false negative indicating point sources for the sample location can be reported. 

Therefore, it is important to read the following result and discussion section as a pilot study. Follow-

up studies including more samples are required before it can be established that a point source is 

present.  

3.1 Surface water 
All surface water samples (Figure 8 and Figure 9) showed low detection frequency (12-29%) for PFASs. 

Levels were generally below LOQ or low, and comparable to earlier levels reported from the region 

(Naturvårdsverket 2016). Only in the catchment for the regional airport PFCAs (PFHxA and PFOA) and 

PFSAs (PFBS, PFHxS and PFOS) could be quantified. The PFAS profile was typical for the influence of 

fire fighting foam used at fire-fighting sites at airports, dominated by PFOS and PFHxS (Norström et al. 

2015). The PFOS level (29.3 ng/L) in the water recipient of the airport was half of the average level 

reported for surface water close to fire fighting areas (59 ng/L, n=214) (Naturvårdsverket 2016). Also 

downstream of Skellefteå, in Ursviksfjärden, could PFOS be quantified.  

Downstream the community Kusmark PFSA/PFCA (except PFOS) could be quantifed (0.5-2.7 ng/L), 

although further downstream, in Ersmark all surface water sample were below LOQ again. In Kusmark 

there is a rubber industry with their own WWTP. Unfortunately, no response to the questionnaire was 

received and the industry was therefore not selected for dust sampling.   

The PFAS precursor 6:2 FTSA was quantified at a high level in Åbyälven (437 ng/L), and at moderate 

levels in Byskeälven, downstream Skellefteå (Urviksfjärden) and downstream Ersmark. No possible 

source for the FTSA has been found in the region and further investigation with additional sampling is 

suggested to confirm the high levels found.  
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Figure 8. General distribution of the PFAS analyzed in surface water (ng/mL) around Skellefteå municipality. 
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Figure 9. PFAS levels (ng/L) determined in surface water (only presenting those >LOQ). 

The Europen commision has set an annual average environmental quality standard (AA-EQS) value of 

0.65 ng/L for PFOS in inland fresh water systems (EC 2013), which was exceeded in two samples 

sampled in Urviksfjärden and at Skellefteå airport.  

3.2 Wastewater 
The WWTPs were also highly influenced by the high water flow. Despite that dilution, two PFCA, four 

PFSA and three PFAS precursors (6:2 FTSA, FOSA and Et-FOSAA) could be quantified in the wastewater 

(Table 9). Similar levels as reported in in the influent and effluent of a WWTP in Uppsala were found 

(Glimstedt 2016). 6:2 FTSA was most frequently detected (73%, 100% in the influent) and quantified 

at the highest level, up to 86 ng/L. Comparing the influent (TI-IN and GS-IN) with the effluent (TI-OUT 

and GS-OUT), using the average, it can be seen that the 6:2 FTSA was removed to 60-93% (Figure 11). 

No degradation products of 6:2 FTSA could be detected (PFHpA and shorter) except in one influent 

(Boliden). The PFOA levels on the other hand, seemed to increase through the WWTP, except for in 

Boliden and Byske. PFOS and PFHxS levels were rather stable through the WWTP, or even were formed 

as can be seen in Boliden WWTP. The lack of removal, or even formation of PFOS and PFOA from 

precursor PFASs has been suggested in earlier studies of WWTPs (Sinclair and Kannan 2006, Bossi et 

al. 2008). 
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Figure 10. The total PFAS concentrations in wastewater sample over Skellefteå municipality. TI_IN and OUT are 
the time integrated influents and effluents. GS_IN and OUT are the grab samples from influent and effluent. 
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All WWTPs showed similar patterns and removal capacity. The PFSA levels were higher in Tuvan which 

is the largest WWTP in the municipality and which is receiving wastewater from Skellefteå town.  

 

Figure 11. The concentrations of 6:2 FTSA, PFOA, PFHxS and PFOS (ng/L) in the influent and effluent water 
sampled in the WWTPs. Levels <LOQ are set to LOQ/sqrt2, as in the statistical evaluations, although they could 

also be zero. *The influent TI sample in Kåge was lost in handling. 

Instead of comparing the concentrations quantified in the samples, we can compare the detection 

frequencies in all influents (n=11) and all effluent (n=12) samples (Figure 12). Then we can see that 

PFOA, PFHxS and PFOS are more frequently detected in the effluents compared to the influents. This 

has been observed in previous studies, where an increase of PFOS and PFOA in WWTP effluents has 

been explained due to precursor degradation (Sinclair and Kannan 2006, Zhang et al. 2013). The 

opposite is true for PFBS, 6:2 FTSA and FOSA, for which the WWTPs have some capacity to remove the 

compounds, either by distribution to sludge, or biodegradation. PFHxA was only quantified at a higher 

concentration (14 ng/L) in one sample, which also had elevated levels of PFOA, i.e. Boliden TI-influent 

sample. 
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Figure 12 Detection frequency (%) of the PFASs determined above limit of quantification in influent (n=11) and 
effluent (n=12) using both the time integrated and the grab sample data. 

 

3.3 Industry dust 
Many more PFAS congeners could be quantified in dust samples from the industry compared to what 

was found in the water samples. PFOA and 6:2 FTSA could be determined in all dust samples (detection 

frequency 100%). In Figure 13 the concentrations of PFSA and PFCA in dust from the six sampled 

industries as well as the three added samples from smelter in Rönnskär are presented.  

 
Figure 13. PFCA and PFSA determined in industry dust samples compared to household dust samples from 

Stockholm and Skellefteå analysed in 2013.  Each letter describes one industrial factory, while numbers refer to 
different sampling locations within the respective factory (Table 5). 
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For comparison, the previously analyzed dust from residential homes in Stockholm and Skellefteå are 

included in the Figure 13 and Figure 14. Industry C is a metal industry that does not seem to have any 

PFASs in their activity, which can also be seen in Figure 14 for the phosphorous PFASs and FTSA. The 

two wood industries (A and E) has lower PFCA and PFSA levels than the other industries, even though 

the quantified levels are significantly higher than in the household dust. The paint industry (B) and 

plastic industry (F) have elevated levels of PFBS. Industry B also had elevated levels of the long chained 

PFCA (PFDoDA-PFDOcDA, i.e. C12-18). The rubber factory, from which 4 dust samples were taken from 

different rooms of the industry, as several different process rooms were available, had elevated levels 

of the PFCAs, and 6:2 FTSA in all four rooms. In room 3 and 4 high levels of 6:2 mono and diPAP were 

quantified. Room 1 was where the final touch of the product was made, i.e. the surfaces where 

polished. Room 2 was the ladies dressing room, whereas room 3 and 4 were processing rooms.  

The three dust samples from inside the smelter in Rönnskär (Rönnskärsverket R.1-3) had elevated 

levels of the PFDS, which is rarely found in dust, pointing at a specific source for this compound in the 

electronic scrap, or in the recycling process. Only in these samples could the PFPA (PFOPA) be 

quantified. Rönnskärsverket is one of the largest industries in Skellefteå, with more than 800 

employees. As these samples are from 2012 it would be of interest to follow up on this industry, and 

to sample the dressing room to see if the clothes could be a carrier of these compounds to the 

households. 

 
Figure 14. Phosphorus PFAS and 6:2 FTSA determined in industry dust samples compared to household dust 
samples from Stockholm and Skellefteå analysed in 2013 (Table 5).  
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Figure 15. General overview of the industries in Skellefteå municipality sampled for dust and sumPFCA, 
sumPFSA, sumFTSA, and sumPAP concentrations (ng/g dust) quantified. The smelter in Rönnskär is not included 
in the map.  
 
According to the questionnaire none of the industries answered that they handled compounds 

containing organic fluorine (Rönnskärsverket was not asked). The questionnaire listed only the 

phosphorus PFAS, although the last question asked for any fluorine containing compounds. Only one 
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industry (B) responded that they handle hydrogen fluoride and ammonium hydrogen difluoride. The 

results are therefore well illustrating the lack of knowledge industry has regarding the chemicals they 

are handling. This can be due to that; a) the chemicals are only present at fractions lower than what 

need to be reported by the producer, b) the producers are not aware of the chemicals present in the 

formulas (byproducts, impurities), or c) the chemicals are entering the industries via other activities 

than the main ones, e.g. floor polishing or cleaning of the areas. 

Conclusion 
PFAS concentrations found in the surface water samples were comparable to other areas of Sweden, 

where the Skellefteå airport was identified as a source of PFASs. This is in line with previous studies, 

generally observing enhanced PFAS emissions from firefighting training facilities found at airports. The 

concentrations observed in local WWTPs followed earlier reported values and indicated that several 

PFASs were poorly removed by the treatment before entering the waterways. Precursors such as 

6:2FTSA were removed to some extent, while PFCAs like PFOA occasionally were observed in higher 

concentrations in effluent than in influent. This may be due to precursors undergoing chemical 

reactions to form PFCAs, as has been reported in earlier literature. The industry dust samples showed 

both low and high levels of several PFASs with different PFAS profiles depending on the specific 

industries and their activities, also demonstrating the appropriateness of using dust as screening 

matrix. Alarmingly, none of the industries reported ongoing usage of the PFASs, showing the lack of 

source information for these compounds. It would be advisable to follow up on the study, focusing on 

the industry dust and to identify the sources of PFAS contamination. It is likely that PFAS contamination 

in dust stems from a product being used to facilitate the activity, rather than an active ingredient in 

the production line.  

Industrial dust samples as well as surface and wastewaters were sampled in order to investigate the 

source of PFPA and PFPIA in the Skellefteå municipality, which had been reported in alarmingly high 

concentrations in household dust in an earlier study. Even though moderate to high concentrations of 

other PFAS compounds were found in dust samples within the current study, PFPA and PFPIA were 

only found in the added dust samples from 2012, from a smelter located in Skellefteå harbor. Levels 

were however not as high as reported for the household dust samples from the initial study, and 

conclusions should be drawn carefully due to the age of the samples. The extensive method evaluation 

for dust analysis showed the complexity of the matrix and indicated that earlier reported high levels 

of the PFPA/PFPIA could have been a subsample coincidently containing one particle contaminated 

with the compounds. There is a need to better understand in which products these chemicals are used.  
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In general, the PFAS levels analyzed in the surface water, the wastewater and the industry dust samples 

did not have a clear geographical connection.  
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Appendix 1. Sample description 
Table 3. Water sample coordinates and sampling description 
Date Area Latitude Longitude Description 
2017-10-02 Åbyälven, Avan 65.031643 21.434787 From the beach, under the bridge 
2017-10-02 Byskeälven, Laxbron 64.9485577 21.2121964 From the beach 
2017-10-03 Kvistforsen Power station 64.747465 20.861577 With a bucket from the dam, at the inlet to the power station 
2017-10-03 Finnforsfallet 64.790947 20.334897 With a bucket from the dam, at the inlet to the power station 
2017-10-02 Ersmark down stream 64.8402664 20.9140058 With a bucket from a bridge  
2017-10-02 Kusmark down stream 64.8667591 20.8254902 With a bucket from a bridge  
2017-10-02 Kusmark up stream 64.8806431 20.772595 From the beach, under the bridge 
2017-10-04 Urviksfjärden 64.834801 20.989551 From the beach 
2017-10-04 Bureå firestation 64.619719 21.217103 With a bucket from a bridge  
2017-10-05 Bureå WWTP effluent 64.6151997 21.2332534 From a boat, in the middle of the outlet 
2017-10-04 Skellefteå airport recepient 64.617357 21.100767 A ditch, ca 1 m broad 
2017-10-06 Burträsket 64.4987151 20.7055559 From a boat, in the middle of the lake 
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Table 4. Information about the wastewater treatment plants sampled from in Skellefteå municipality. 
  Byske Kåge Boliden Jörn Burträsk 

Sampling date 2017-10-03 2017-10-04 2017-10-05 2017-10-05 2017-10-06 
Flow (m3/h) 665 978 484 413 545 
Size (persons) 3900 6000 3000 1750 6000 
Category 2000-10 000 Pe 2000-10 000 Pe 2000-10 000 Pe 200-2000 Pe 2000-10 000 Pe 
Recipient Byskeälven Östersjön Hötjärnsmagasinet 

Brubäcken 
Grundträskån Burträsket 

Processes           

Bar screen Yes Yes Yes, 2 x rotatig sieves Yes Yes, Huber 
Sand chamber Yes Yes Yes, Skibord Yes Yes, Huber 
Primary sedimentation 
tank 

Yes Yes Yes Yes Yes 

Biological process No No No No Yes 
Post sedimentation Yes Yes Yes Yes Yes 
Sludge pre-thickener Yes Yes Yes Yes Yes 
Fermentation chamber No No No No No 
Other   Yes, 2 x Polerbassäng Yes, Huber   Yes, Huber 
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Table 5. Sample number, coordinates, and detailed information of the industries and activities from where the dust samples were taken. 
# Latitude longitude Area Industry WWTP River Employed Sampling room 

A.1 64.890711 21.04286 Ostvik Wood  (*) Kågeälven(*) 10 Dressing room 
B.1 64.742288 21.039495 Skellefteå Paint  Tuvans Skellefteälven 10 "Lackeringsrummet" 
C.1 64.741466 21.051422 Skellefteå Metal  Tuvans Skellefteälven 30 "Spraymålningsrummet" 
C.2 64.741466 21.051422 Skellefteå Metal  Tuvans Skellefteälven 30 "Zinkrummet" 
D.1 64.848664 20.883367 Ersmark Rubber  Kåge Kågeälven 210 "Vaxning" 
D.2 64.848664 20.883367 Ersmark Rubber  Kåge Kågeälven 210 Dressing room ladies 
D.3 64.848664 20.883367 Ersmark Rubber  Kåge Kågeälven 210 "Avgradning" 
D.4 64.848664 20.883367 Ersmark Rubber  Kåge Kågeälven 210 "Blästring & cementering" 
E.1 64.512981 20.644267 Burträsk Wood  Burträsk Burträsk lake 107 "Painting room" 
E.2 64.512981 20.644267 Burträsk Wood  Burträsk Burträsk lake 107 Dressing room men 
F.1 64.739766 21.048078 Skellefteå Plastic  Tuvans Skellefteälven 20 The main activity room  

(*) unknown connection to WWTP at the time of sampling. 
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Appendix 2. Questionnaire sent to selected industry in Skellefteå municipality 
 

Sent 2017-07-05 

Till verksamhetsansvarig 

I samverkan mellan två statliga forskningsfinansierade projekt har vi analyserat förhöjda halter 

av damm-bundna per- och polyfluoroalkyl substanser (PFAS) i enskilda hushåll i Skellefteå 

kommun. Detta upptäcktes i samband med att vi samlade in en större kvantitet av hushållsdamm 

från elever på gymnasieskolor från tre områden i landet, Skellefteå, Stockholm/Södertälje samt 

Örnsköldsvik. På uppdrag av Naturvårdsverket samverkar vi nu med Skellefteå kommun för att 

söka efter källorna till denna kemikaliegrupp.  

PFAS är ytaktiva substanser vars egenskaper (bland annat sänker ytspänningen) gör att de 

används inom ett brett spektra av verksamheter. De ämnen vi söker tillhör gruppen av 

högfluorerade ämnen som diskuterats flitigt de senaste åren, men de är inte de som är reglerade 

genom EU’s kemikalielagstiftningen REACH (dvs. PFOA och PFOS).  

De kemikalier som påvisades i damm från Skellefteå heter fluorerade alkylfosfonater (PFPA) 

och fluorerade alkylfosfinater (PFPIA). I dagsläget finns det lite kunskap om dessa två 

kemikaliegruppers påverkan på miljö och hälsa. I detta uppdrag från Naturvårdsverket önskar 

vi att hitta källan till dessa kemikalier och i och med det eventuellt kunna undvika en allmän 

spridning av dessa kemikalier såsom i fallet med PFAS i tex dricksvatten från brandsläcknings-

övningsområden. 

Vårt första steg är att kontakta vissa verksamheter i kommunen med frågor som kan hjälpa oss 

i vår sökning. Vi hoppas att ni är behjälpliga att svara på dessa frågor. Vi kommer även att ta 

prover från avloppsreningsverk och från ytvatten i kommunen för att få en allmän uppfattning 

om var vi kan återfinna dessa kemikalier i miljön. Detta är något som pågår inte bara i Skellefteå 

utan även i andra delar av landet. 

Med ”verksamhet” i frågorna på nästa sida menar vi de produkter som tillverkas eller 

behandlas/förädlas i verksamheten, samt ange de aktiva substanser eller stödjande substanser 

vid tillämpning av andra kemikalier i processer. Vänligen inkludera hela produktlinjen i svaren, 

från ”råvara” till ”slutprodukt”, ange även förpackning, smörjningar, rengöringar, eller 
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förberedande av verktyg och maskiner. I tabell 1 och 2 finns kemikaliebeteckningar, CAS nr., 

varumärken etc. som underlättar arbetet. 

Tveka inte att kontakta oss om ni undrar över något. Vi skulle uppskatta att få era svar innan 

den 30 augusti. 

Vi ser tacksamt fram emot er medverkan. 

 

Dr. Jana Weiss  Dr. Åsa Gustafsson  

Institutionen för vatten och miljö Swetox  

Sveriges Lantbruksuniversitet i Uppsala Södertälje 

Telefon:  +46 (0)73-3706363 Telefon:  +46 (0)70-461 1424 

E-mejl: jana.weiss@slu.se E-mejl:asa.gustafsson@swetox.se 
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Fråga 1. Vilken verksamhet identifierar ni er med, med avseende på beskrivningarna nedan? 

1. Träindustri – handskas med behandlat trä, behandlar trä eller målar trä.  
2. Stenindustri – behandlar sten, tillverkar stenmaterial. 
3. Metallindustri – behandlar metall, såsom korrosionsbehandling, målning, 

ytbehandling eller produktion av metalldelar för kommersiellt bruk. Produktion av 
elektronik (tex. kretskort och andra detaljer i elektronisk utrustning), och metalldelar för 
bilindustri som lackeras eller spray målas.  

4. Färg och beläggning – verksamheter som utför målning och beläggningsservice, främst 
inom industri där en jämn och fin applicering krävs, såsom lackering av bilar och 
spraymålning av möbler, byggnadsmaterial etc. Detta kan också inkludera vaxer och 
hartser för för-behandling av annat material, såsom golv, fordon och båtar, och även 
printverksamhet av tyger, papper mm. 

5. Gummi och plastindustri – industri som producerar och distribuerar rå-material och 
som producerar gummi eller plastprodukter från rå-material och där materialets reologi 
behöver modifieras.  

6. Övrigt 

Fråga 2. Ämnena som vi söker är specificerade i Tabell 1. Använder ni någon av dessa 

kemikalier i er verksamhet? 

Fråga 3. Använder ni någon av produktnamnen specificerade i Tabell 2?  

Fråga 4. Använder ni några andra fluorerade kemikalier?  

Fråga 5. Hur många anställda har ni inom företaget (som är lokaliserade vid er verksamhet i 

Skellefteå)?  

Totalt -  

Vid produktionslinjen (på golvet) -  

Fråga 6. Använder personalen speciella skydds/arbetskläder, och byts de vid hemgång (behövs 

dusch)? 

Fråga 7. Skulle ni vara villiga att medverka vid en provtagning av damm från er verksamhet 

för att söka efter dessa kemikalier? Det skulle innebära att vi kommer förbi er i oktober med en 

dammsugare och tar några prover från de områden som personal har tillgång till för 

produktion eller behandling av material (ej kontor). 
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Tabell 1. CAS-nummer, antalet träffar (hits) vid en google sökning, namnet på kemikalien och 

förkortningen av per- och polyfluoralkyl fosfonaterna och fosfoniterna. 

Förkortning CAS Namn 
6:6 PFPiA 40143-77-9 Bis(tridecafluorohexyl)-phosphonic acid 

C6 PFPA 40143-76-8 (tridecafluorohexyl)-phosphonic acid 

6:8 PFPIA (salt) 610800-34-5 Heptadecafluorooctyl)(tridecafluorohexyl)phosphinic Acid 
Sodium Salt 

8:8 PFPiA 40143-79-1 Bis(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluorooctyl)-
phosphinic acid 

C8 PFPA 40143-78-0 (heptadecafluorooctyl)-phosphonic acid 

C10 PFPA 52299-26-0 (heneicosafluorodecyl)-phosphonic acid 

  107812-05-5  [[4-[(heptadecafluorononenyl)oxy]phenyl]methyl]-
phosphonic acid, zinc salt (2:1) 

6:2 PFPiA 252237-40-4 P-(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)-phosphonic 
acid 

10:10 PFPIA 52299-27-1 Bis(heneicosafluorodecyl)-phosphonic acid 

  63513-12-2 [[4-[(heptadecafluorononenyl)oxy]phenyl]methyl]-
phosphonic acid 

  63661-51-8 [[4-[(heptadecafluorononenyl)oxy]phenyl]methyl]-
phosphonic acid, monosodium salt 

  68412-68-0 Phosphonic acid, perfluoro-C6-12-alkyl derivs. 

  68412-69-1 Phosphinic acid, bis(perfluoro-C6-12-alkyl) derivs. 

  80220-63-9 (3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluorodecyl)-phosphonic acid 

  90146-97-7 (3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-
heptadecafluorodecyl)-phosphonic acid, compd. with N,N-
diethylethanamine 

  90481-10-0 Phosphonic acid, perfluoro-C6-12-alkyl derivs., aluminum 
salts 

  93062-53-4 Phosphinic acid, bis(perfluoro-C6-12-alkyl) derivs., 
aluminum salts 
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Tabell 2. Producenter, produktnamn och CAS för perfluoralkyl fosfonater (PFPA), fosfoniter 

(PFPIA) och fosfatestrar (PAP). 

Producent Produkt/kemikalie CAS nummer 
INALCIM (12-Phosphonododecyl)phosphonic acid 7450-59-1 
INALCIM 1H,1H,2H,2H-Perfluorooctanphosphonic 

acid 
252237-40-4 

Chemours Capstone™ FS-60   
Chemours Capstone™ FS-61   
Chemours Capstone™ FS-63   
Chemguard Chemguard S-760P   
Chemguard Chemguard S-761P   
Chemguard Chemguard S-764P VOC-Free   
Unimatec CHEMINOX FBP-2-OH 503564-50-10 
Unimatec CHEMINOX FHP-2-OH 503564-50-9 
Specificpolymers Fluorophosphonic Acid C10 252237-39-1 
Specificpolymers Fluorophosphonic Acid C6 252237-40-4 
Specificpolymers Fluorophosphonic Acid C8 80220-63-9 
Clariant Fluowet PL80 141615-38-5 
Clariant Fluowet PL80B   
Clariant Fluowet PP 135506-92-2 
Pilot chemicals Masurf- FS 710   
Pilot Chemicals Masurf- FS 710   
Pilot chemicals Masurf- FS 715MS   
Pilot chemicals Masurf- FS 780   
Pilot Chemicals Masurf- FS 780   
Pilot Chemicals Masurf- FS715MS   
Pilot Chemicals Masurf® FS-130EB   
Pilot Chemicals Masurf-AF-110DE /DEA-C8-18 

Perfluoroalkylethyl Phosphate 
65530-63-4 

Pilot Chemicals Masurf-AF-110DI /DEA-C8-18 
Perfluoroalkylethyl Phosphate 

  

Pilot Chemicals Masurf-AF-410TE /TEA-C8-18 
Perfluoroalkylethyl Phosphate 

  

Pilot Chemicals Masurf-AF-610 AMPE /AMP-C8-18 
Perfluoroalkylethyl Phosphate 

  

Pilot Chemicals Masurf-FS-115/DEA-C8-18 
Perfluoroalkylethyl Phosphate 

  

Pilot Chemicals Masurf-FS-120PS /Ammonium C6-16 
perfluoroalkylethyl phosphate 

 65530-70-3 

Pilot Chemicals Masurf-FS-130 /DEA-C8-18 
Perfluoroalkylethyl Phosphate 

  

EnanoTec perfluorooctanphosphonic acid 252237-40-4   
SiKEMIA SIK7112-10    
Daito Kasei Kogyo Sodium Perfluorohexylethyl Phosphonate   
MERCK Tivida FL 2200 52299-25-9 
EnanoTec Tridecafluorooctylphosphonic acid  SIK7112-10 /252237-40-4 
Halocarbon Tris-(1,1,1,3,3,3-

hexafluoroisopropyl)phosphate 
66489-68-7 
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Appendix 3. QA/QC results 
 
Table 6. QA/QC results of analysis of dust SRM2585 samples (n=3), giving the average concentration determined 
and the repeatability (relative standard deviation, RSD), the accuracy compared to three other studies reported 
(Reiner et al. 2015, Winkens 2018, Weiss et al. In preparation) and recovery in the method validation where PFASs 
were added at a concentration > 10x the analytical standard deviation (50 or 500 ng/g dust).  

  Average Repeatability Accuracy Recovery Added 
   (ng/g dust) (RSD) (%) (%) (ng/g dust) 

PFBA 248 2% 103% 94% 50 
PFPeA 160 5% 70% 65% 500 
PFHxA 335 9% 102% 100% 500 
PFHpA 347 8% 109% 88% 500 
PFOA 649 4% 104% 80% 500 
PFNA 85 6% 93% 88% 500 
PFDA 62 2% 108% 91% 50 
PFUnDA 47 8% 106% 41% 50 
PFDoDA 34 8% 96% 123% 50 
PFTriDA 27 3% 95% 139% 50 
PFTeDA 25 7% 110% 155% 50 
PFHxDA 14 4% n.r. 160% 50 
PFOcDA 10 9% n.r. 201% 50 
PFBS 26 12% 111% 87% 50 
PFHxS 1466 6% 102% 103% 500 
PFOS 2062 2% 105% 116% 500 
PFDS 704 7% 105% 128% 500 
FOSA 10 6% 103% 107% 50 
Me-FOSA 37 3% n.r. 131% 50 
Et-FOSA 3 173% n.r. 124% 50 
6:2 FTSA 435 15% 411% 93% 500 
8:2 FTSA 61 14% 53% 124% 500 
10:2 FTSA 16 14% n.r. 219% 50 
FOSAA 5 64% n.r. 71% 50 
Me-FOSAA 81 10% 70% 99% 500 
Et-FOSAA 566 9% 91% 104% 500 
6:2 PAP 743 11% 153% 141% 500 
8:2 PAP 272 12% 124% 77% 500 
6:6 PFPiA 8 0,5% 182% 42% 50 
6:8 PFPiA 5 9% 169% 124% 50 
8:8 PFPiA <LOQ   166% 112% 50 
6:2 diPAP 817 2% 110% 94% 500 
8:2 diPAP 334 3% 51% 100% 500 
PFHxPA <LOQ   36% 118% 50 
PFOPA <LOQ   90% 112% 50 

PFDPA <LOQ   65% 110% 50 
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Table 7. Average method limit of quantification (LOQ) in the three matrices. LOQ was set as the lowest 
quantifiable (signal/noise >8) calibration curve concentration or average method blank concentration plus 10 
times the standard deviation. 

  

Surface water  Wastewater IN Wastewater OUT Industry dust  
[ng/L] [ng/L] [ng/L] [ng/g] 

PFBA 0.22 0.50 0.25 25 
PFPeA 1.1 2.5 1.2 0.10 
PFHxA 1.1 2.5 1.2 0.10 
PFHpA 0.20 1.0 0.25 0.05 
PFOA 0.20 1.0 0.25 0.05 
PFNA 0.22 0.50 0.25 0.05 
PFDA 1.1 2.5 1.2 0.05 
PFUnDA 1.1 2.5 1.2 0.10 
PFDoDA 1.1 2.5 1.2 0.10 
PFTriDA 1.1 2.5 1.2 0.53 
PFTeDA 1.1 2.5 1.2 0.50 
PFHxDA 1.1 2.5 1.2 0.50 
PFOcDA 1.1 2.5 1.2 1.1 
PFBS 0.11 0.25 0.12 0.10 
PFHxS 0.31 0.70 0.35 1.9 
PFOS 0.22 0.50 0.25 0.50 
PFDS 0.22 0.50 0.25 0.50 
6:2 FTSA 4.6 11 5.2 146 
8:2 FTSA 1.1 2.5 1.2 1.0 
10:2 FTSA 0.22 0.50 0.25 0.50 
FOSA 0.44 1.0 0.49 0.50 
Me-FOSA 0.20 1.0 0.25 1.0 
Et-FOSA 0.20 1.0 0.25 5.0 
FOSAA 0.20 1.0 0.25 0.50 
Me-FOSAA 0.22 0.50 0.25 0.50 
Et-FOSAA 0.22 0.50 0.25 0.12 
8:2 PAP 0.22 0.50 0.25 0.50 
6:2 diPAP 1.8 4.0 2.0 0.50 
8:2 diPAP 0.20 1.0 0.25 0.50 
6:6 PFPiA 0.22 0.50 0.25 0.05 
6:8 PFPiA 0.22 0.50 0.25 0.50 
8:8 PFPiA 0.66 1.0 0.71 0.50 
PFHxPA 0.31 0.70 0.35 0.50 
PFOPA 0.22 0.50 0.25 1.0 
PFDPA 0.22 0.50 0.25 1.0 
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Appendix 4. Results of PFAS analysis of all samples 
 
Table 8. The concentration (ng/mL) of perfluoroalkyl carboxylic acids (PFCAs), perfluoroalkane sulfonic acids (PFSA), fluorotelomer 
sulfonic acids (FTSA), and perfluoroalkane sulfonamides (FASAs) determined in surface water, upstream (US) or downstream (DS), 
and sampled in duplicate (A, B). All other PFAS congeners analysed were below LOQ. 
Name location DOC [mg/L] PFHxA PFOA PFBS PFHxS PFOS 6:2 FTSA 
Åbyälven 15 <LOQ <LOQ <LOQ 0.35 <LOQ 437 
Byskeälven-Laxbron 9.1 <LOQ <LOQ <LOQ <LOQ <LOQ 25 
Urviksfjärden 6.1 <LOQ <LOQ <LOQ <LOQ 0.66 9.5 
Kvistforsens powerstation 74 <LOQ <LOQ 0.7 0.46 <LOQ <LOQ 
Finnforsfallet A 61 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Finnforsfallet B 61 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Ersmark DS A 80 <LOQ <LOQ <LOQ <LOQ <LOQ 5.8 
Ersmark DS B 80 <LOQ <LOQ <LOQ <LOQ <LOQ 6.9 
Kursmark DS 74 2.7 1.9 1.2 0.48 <LOQ <LOQ 
Kursmark US 16 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Kågeälven A 16 <LOQ <LOQ <LOQ 0.53 <LOQ <LOQ 
Kågeälven B 16 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Bureå fire station 142 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Bureå ww recipient  A 16 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Bureå ww recipient B 16 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Skellefteå airport recipient 89 5.2 3.2 3.5 27 29 <LOQ 
Burträsks 15 <LOQ <LOQ <LOQ 0.6 <LOQ <LOQ 
Detection frequency (%) 17 12% 12% 18% 35% 12% 29% 
Mean 46 1.4 1 0 2 2 32 
SD 39 1.1 1 1 6 7 105 
Median 16 1.1 0 0 0 0 5 
Max 142 5.2 3 3 27 29 437 
Min 6 <LOQ <LOQ <LOQ <LOQ <LOQ 5 
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Table 9. The concentration (ng/mL) of PFAS quantified in wastewater influent (IN) and effluent (OUT), taken with time integrated (TI) sampling or grab sampling 
(GS). All other PFAS congeners analysed were below LOQ. 
Name WWTP DOC [mg/L] PFHxA PFOA PFBS PFHxS PFOS 6:2 FTSA FOSA Et-FOSAA 
Byske  IN-GS 19 <LOQ <LOQ 3.3 <LOQ <LOQ 28 3.0 <LOQ 
Byske  OUT-GS A 12 <LOQ <LOQ <LOQ 4.2 <LOQ 1.6 <LOQ <LOQ 
Byske  OUT-GS B 12 <LOQ <LOQ <LOQ 3.2 <LOQ 1.2 <LOQ <LOQ 
Tuvans  IN-GS 20 <LOQ <LOQ 2.6 11.5 21 69 <LOQ <LOQ 
Tuvans  OUT-GS A 10 <LOQ 3.1 2.1 6.4 15 8.7 <LOQ <LOQ 
Tuvans  OUT-GS B 10 <LOQ 2.3 2.6 6.4 11 9.3 <LOQ <LOQ 
Kåges  IN-GS 20 <LOQ <LOQ <LOQ <LOQ <LOQ 31 <LOQ <LOQ 
Kåges  OUT-GS A 13 <LOQ 3.4 <LOQ <LOQ <LOQ 9.8 <LOQ <LOQ 
Kåges  OUT-GS B 13 <LOQ 1.9 <LOQ <LOQ <LOQ 9.2 <LOQ <LOQ 
Bolidens  IN-GS 60 <LOQ <LOQ <LOQ <LOQ <LOQ 26 <LOQ <LOQ 
Bolidens  OUT-GS 8.1 <LOQ <LOQ <LOQ 0.9 6.1 <LOQ <LOQ <LOQ 
Jörns  IN-GS 16 <LOQ <LOQ <LOQ 2.0 <LOQ 66 1.9 <LOQ 
Jörns  OUT-GS 11 <LOQ <LOQ <LOQ 1.4 <LOQ <LOQ <LOQ <LOQ 
Burträsks  IN-GS 61 <LOQ <LOQ <LOQ <LOQ <LOQ 26 <LOQ <LOQ 
Burträsks  OUT-GS 9.0 <LOQ 2.2 1.8 <LOQ <LOQ <LOQ <LOQ <LOQ 
Byske  IN-TI 18 <LOQ <LOQ 2.5 6.7 2.6 54 <LOQ <LOQ 
Byske  OUT-TI 8.2 <LOQ <LOQ <LOQ 6.2 <LOQ 25 1.1 1.0 
Tuvans  IN-TI 19 <LOQ <LOQ <LOQ 9.8 13 32 <LOQ <LOQ 
Tuvans  OUT-TI 11 <LOQ 2.4 1.1 7.3 13 <LOQ <LOQ <LOQ 
Kåges  IN-TI 18 NA NA NA NA NA NA NA NA 
Kåges  OUT-TI 14 <LOQ 1.7 <LOQ <LOQ <LOQ 15 <LOQ <LOQ 
Bolidens  IN-TI 7.5 14 6.7 4.5 2.5 <LOQ 86 2.5 <LOQ 
Bolidens  OUT-TI 5.7 <LOQ 2.3 <LOQ 1.6 1.6 <LOQ <LOQ <LOQ 
Jörns  IN-TI 15 <LOQ <LOQ <LOQ 1.1 <LOQ 67 4.6 <LOQ 
Jörns  OUT-TI 9.4 <LOQ <LOQ <LOQ 1.3 <LOQ <LOQ <LOQ <LOQ 
Burträsks  IN-TI 25 <LOQ <LOQ <LOQ <LOQ <LOQ 28 <LOQ <LOQ 
Burträsks  OUT-TI 8.4 <LOQ 1.8 <LOQ 1.1 <LOQ <LOQ <LOQ <LOQ 
Detection frequency (%)   4% 38% 31% 65% 31% 73% 19% 4% 
Mean 17 1.6 1.2 0.9 2.9 3.3 24 0.9 0.2 
SD 14 3 2 1.3 3.3 5.9 25 1.0 0.0 
Median 13 1.1 0.3 0.1 1.4 0.2 12 0.4 0.0 
Max 61 14 6.7 4.5 11 21 86 4.6 0.0 
Min 5.7 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
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Table 10. PFCA and PFSA concentrations (ng/g dust) determined in industry dust samples. 

Sample A.1 B.1 C.1 C.2 D.1 D.2 D.3 D.4 E.1 E.2 F.1 R.1 R.2 R.3 

PFBA 174 <LOQ <LOQ <LOQ <LOQ 88 96 25 <LOQ 87 130 2.8 4.3 2.2 
PFPeA 37 65 1.9 <LOQ 2.8 6.2 16 13 12 21 12 10 10 8.6 
PFHxA 418 57 <LOQ <LOQ 820 24 174 89 74 6.1 290 2.0 0.8 1.1 
PFHpA <LOQ 28 0.9 0.9 3.5 5.4 67 44 <LOQ 5.1 <LOQ 6.7 6.0 7.8 
PFOA 3.7 43 3.0 2.5 14 27 90 61 4.0 17 1.4 <LOQ <LOQ <LOQ 
PFNA 2.9 58 <LOQ 0.8 0.9 <LOQ 33 16 1.1 25 1.7 41 39 28 
PFDA <LOQ 45 <LOQ 0.8 1.2 <LOQ 17 23 1.4 5.6 <LOQ 0.3 10 5.5 
PFUnDA <LOQ 43 1.2 <LOQ 1.1 2.4 15 8 1.3 3.4 1.6 <LOQ 2.1 <LOQ 
PFDoDA <LOQ 41 1.1 <LOQ 1.2 7.0 8.8 21 <LOQ 4.2 1.6 4.4 111 6.9 
PFTeDA 5.8 287 <LOQ <LOQ 8.0 121 73 114 5.7 54 13 0.4 <LOQ <LOQ 
PFTriDA <LOQ 97 <LOQ <LOQ <LOQ 33 28 18 <LOQ 16 <LOQ 1.1 <LOQ <LOQ 
PFHxDA 15 1348 <LOQ 6.4 20 663 315 398 20 213 42 <LOQ <LOQ 2.4 
PFOcDA 11 459 12 <LOQ 13 191 93 86 15 74 21 <LOQ <LOQ 1.1 
PFBS <LOQ 958 2.1 <LOQ 186 13 13 7.2 5.7 2.8 4343 <LOQ <LOQ <LOQ 
PFHxS 13 77 10 10 11 30 21 11 10 11 <LOQ 20 19 15 
PFOS <LOQ 37 <LOQ <LOQ 29 512 43 71 <LOQ 8.2 <LOQ 64 24 36 
PFDS <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 122 451 261 

Sum PFCA/PFSA 681 3642 31 21 1112 1722 1103 1004 150 554 4857 274 676 375 

Sum total PFAS 722 3750 129 43 5632 3713 6801 4398 187 633 4898 657 1019 926 
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Table 11. PFAS precursors and phosphorus PFAS concentrations (ng/g dust) determined in industry dust samples. 

Sample A.1 B.1 C.1 C.2 D.1 D.2 D.3 D.4 E.1 E.2 F.1 R.1 R.2 R.3 

6:2 FTSA 27 19 98 22 4496 1862 1876 232 25 33 22 4.0 10 69 
8:2 FTSA <LOQ <LOQ <LOQ <LOQ 11 20 23 10 <LOQ <LOQ <LOQ <LOQ 1.8 2.4 
10:2 FTSA 12 14 <LOQ <LOQ 13 26 38 17 10 24 11 <LOQ 2.6 2.6 
FOSA <LOQ <LOQ <LOQ <LOQ 1.0 1.6 2.7 1.9 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
FOSAA <LOQ <LOQ <LOQ <LOQ <LOQ 14 18 6.6 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
Me-FOSA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 9.5 9.9 11 
Me-FOSAA <LOQ <LOQ <LOQ <LOQ <LOQ 6.7 <LOQ 7.2 <LOQ <LOQ <LOQ 14 11 14 
Et-FOSA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 223 
Et-FOSAA 2.2 3.9 <LOQ <LOQ <LOQ 1.8 45 <LOQ 1.7 5.2 1.8 <LOQ <LOQ <LOQ 
6:2PAP <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 1643 1656 <LOQ <LOQ <LOQ 23 3.6 10 
6:2diPAP <LOQ 70 <LOQ <LOQ <LOQ 42 1875 1366 <LOQ 17 6.0 6.0 5.0 5.4 
8:2PAP <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
8:2diPAP <LOQ <LOQ <LOQ <LOQ <LOQ 17 177 97 <LOQ <LOQ <LOQ 5.4 11 7.3 
6:6PFPiA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 1.9 1.9 2.0 
6:8PFPiA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
8:8PFPiA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFHxPA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 315 282 200 
PFOPA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
PFDPA <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 4.4 4.5 3.9 

Sum PFAS precursors 41 38 98 22 4521 1932 2003 274 37 62 35 27 35 323 

Sum phosphorus PFAS 0 70 0 0 0 59 3695 3120 0 17 6 356 308 229 

Sum total PFAS 722 3750 129 43 5632 3713 6801 4398 187 633 4898 657 1019 926 
 


