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Abstract  
The aim of this study was to examine if perfluorinated alkylated substances (PFASs) reaches 

north of Sweden by long-range atmospheric transport. This was done by monitoring the levels 

of PFASs in reindeer livers at two locations in 2002 and 2010, respectively. The reindeers 

have lived all of their lives in the mountains and therefore the main source of exposure for 

PFASs is through air. The samples were extracted and analysed for 24 different PFASs using 

ultra performance liquid chromatography tandem mass spectrometer (UPLC-MS/MS). The 

most significant change concerns perfluorooctane sulfonic acid (PFOS) which decreased 

significantly from 6.1 ng/g at the most northern location (Ammarnäs/Biergenis) in 2002 to 

0.87 ng/g 2010. At the other sampling location, Glen, PFOS decreased from 5.0 to 3.2 ng/g 

during the eight years. Mainly PFOS and longer chain carboxylates were found. The results 

revealed that the levels of many compounds decreased in time. The location seems to have an 

impact on the level of perfluorinated compounds present and most likely the distribution of 

them in the air, since certain PFASs have increased and decreased differently in time between 

the two locations. Since PFASs are non-volatile, they are believed to be degradation products 

of volatile compounds such as fluorotelomer alcohols (FTOHs) and perfluoroalkylated 

sulfonamido alcohols (FOSEs). FTOHs and FOSEs are released, translocated by long-range 

atmospheric transport and degraded to perfluorinated compounds in organisms or atmosphere.  
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Sammanfattning 
Syftet med den här studien var att undersöka om perfluorerade alkylerade ämnen (PFAS) når 

Sverige via atmosfärisk långvägstransport. Detta gjordes genom att kontrollera 

koncentrationer av PFAS i renlever på två platser, både 2002 och 2010. Renarna hade levt 

hela sina liv på fjället och därför har den huvudsakliga exponeringen av PFAS skett genom 

luften. Proverna extraherades och analyserades för 24 olika PFAS med hjälp av ultra 

prestanda vätskekromatografi tandemmasspektrometer (UPLC-MS/MS). Den största 

skillnaden skedde för perfluorooktansulfonsyra (PFOS) som minskade signifikant från 

6,1 ng/g på den nordligaste platsen (Ammarnäs/Biergenis) 2002 till 0,8  ng/g 2010. Vid den 

andra platsen, Glen minskade halten PFOS från 5,0 till 3,2 ng/g under åtta år. Huvudsakligen 

hittades PFOS och karboxylater med längre kolkedja och många ämnen minskade med tiden. 

Platsen verkar ha en inverkan på halten perfluorerade ämnen i luften och troligtvis även 

fördelningen av dem i luften eftersom vissa PFAS har ökat och minskat olika med tiden 

mellan de två platserna. Eftersom PFAS huvudsakligen inte är volatila tros de vara produkter 

av nedbrytning av volatila ämnen som exempelvis fluorotelomeralkoholer (FTOH:er) och 

perfluoroalkylerade sulfonamidoalkoholer (FOSEer). FTOH:er and FOSE släpps ut, förflyttas 

genom atmosfärisk långvägstransport och degraderas till perfluorerade ämnen i organismer 

eller atmosfären.  

 

Nyckelord: PFAA, PFAS, UPLC-MS/MS, renar, atmosfärisk långvägstransport 
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1. Introduction 

1.1 Per- and polyfluorinated compounds 
An electrochemical fluorination process was used to produce perfluoroalkyl substances 

(PFASs) when the usage of them begun in 1947 (Prevedouros et al. 2006). These compounds 

became popular because of their chemical stability, surface tension lowering properties and 

ability to create stable foams. These properties make PFASs excellent for usage in fire-

fighting foams, polyurethane production, inks, varnishes and lubricants as well as water 

repellents for leather, papers and textiles. PFASs have been found in both humans and 

wildlife (Prevedouros et al. 2006). The carbon-fluorine bond is the strongest covalent bond. 

Even though some partially fluorinated hydrocarbons may be degradable, the perfluorinated 

compounds are very stable in the environment (Giesy & Kannan 2001). 

Perfluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) are two of the most 

commonly occurring and the most studied perfluorinated compounds in the environment 

(Taniyasu et al. 2005). The bioaccumulation potential increases with the perfluoroalkyl chain 

length (Rotander et al. 2012). An example of this is that perflourocarboxylic acids (PFCAs) 

with carbon chain lengths with 9 to 13 carbons have a greater bioaccumulation potential than 

PFOA which only contains 8 carbons (Ellis et al. 2004). Even though PFOS does not follow 

all principles of a persistent organic pollutant (POP), PFOS has been accepted into the 

Stockholm convention based on its extreme persistency, substantial bioaccumulation and 

biomagnifying properties. The Stockholm convention was created in 2001 but PFOS and its 

salts were not adopted until 2009. PFOS and its salts are listed as restricted compounds under 

annex B in the Stockholm convention (United Nations 2008). The major PFOS producers 

begun to globally terminate the production of PFOS in 2001 (Oecd 2002). In (Armitage et al. 

2009) it was estimated that PFOS mainly comes from the use of PFOS rather than by 

manufacturing (Armitage et al. 2009). In contrast to most POPs, PFOS does not accumulate in 

fatty tissues but binds to proteins in blood and liver (United Nations 2008). PFOA and PFOS 

have been found in both humans and animals worldwide which is problematic since it has 

shown several negative effects. PFOS is potentially toxic and PFOA have been found to be 

carcinogenic. They have neither a known metabolic or environmental degradation pathway 

and eliminates very slowly from the human body (Ellis et al. 2004). High-dose acute animal 

toxicity caused by PFOA and PFOS give damage to the lipid and carbohydrate metabolism, 

cachexia, peroxisome proliferation, hepatomegaly, alteration of thyroid status and immune 

system effects (Bjork & Wallace 2009). Compared to their hydrocarbon counterparts, 

perfluoroalkylated acids (PFAAs) are strongly acidic and are believed to mostly be present in 

its ionized form under environmental conditions (Dinglasan et al. 2004). The bond between 

carbon and fluorine is very strong and therefore are fluorinated compounds very stable in air 

at high temperatures over 150°C. They are non-flammable and are not easily degraded by 

strong acids, alkalis or oxidizing agents. PFAAs are not sensitive to photolysis (Hori et al. 

2006). These qualities make PFAAs non-biodegradable and persistent in the environment. 

The fluorine part of the PFAAs molecules generates very low surface tension and is one factor 

adding to PFAAs hydrophobic and oleophobic nature (Lau et al. 2007).  

PFAAs have low tendency for volatilization but both PFOS and other fluorinated alkyl acids 

have been found in the marine environment which lead to the belief that other more volatile 

compounds are able to translocate to distant locations and there degrade into perfluorinated 

compounds. One possibility for the translocation can be atmospheric transportation (Taniyasu 
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et al. 2005). As discussed in (Ellis et al. 2004), the presence of PFCAs in arctic animals can 

be explained by long-range transport and degradation of fluorotelomer alcohols (FTOHs) 

(Ellis et al. 2004). FTOHs are used as intermediates in the syntheses of waxes, inks, paints, 

coatings and adhesives (Taniyasu et al. 2005) and are commercially produced by 

telomerisation process (Ellis et al. 2004). A report by Dinglasan et al. provides evidence 

supporting the theory that telomer alcohols, which are volatile, are a possible source of 

PFCAs via biotransformation reactions. In the study, Dinglasan observed a relationship 

between 8:2 fluorotelomer alcohol (8:2 FTOH), 8:2 fluorotelomer acid (8:2 FTCA), 8:2 

fluorotelomer unsaturated acid (8:2 FTUCA) and perfluorooctanoic acid (PFOA) when 

examining aerobic biodegradation of 8:2 FTOH. When 8:2 FTOH was reduced in the system, 

the level of 8:2 FTCA decreased at the same time as the level of 8:2 FTUCA increased. 8:2 

FTUCA was then transformed into PFOA, which was proven when the level of 8:2 FTUCA 

diminished while PFOA was produced. The study was performed in a mixed microbial system 

(Dinglasan et al. 2004). A study done by Ellis et al. in 2004 supports these theories. Ellis et al. 

performed smog chamber experiment to examine if FTOHs can degrade into PFCAs in the 

atmosphere. To initiate oxidation, Cl atoms were introduced to FTOHs. Cl atoms were used 

since they react in the same way as OH radicals react with FTOHs in the atmosphere. 8:2 

FTOH was found to yield all PFCAs from trifluoroacetic acid (TFA) to perfluorononanoic 

acid (PFNA). 4:2 FTOH yielded TFA and PFCAs with chain lengths between 3-5 carbons 

while 6:2 FTOH yielded TFA and PFCAs with chain lengths between 3-7 carbons and 8:2 

FTOH yielded TFA and PFCAs with chain lengths between 3-9 carbons (Ellis et al. 2004). 

Perfluoroalkylated sulfonamidoalcohols, often shortened as FOSEs can be transformed to 

PFOS by different degradation pathways as observed in a study performed on rat liver (Xu et 

al. 2004). The major pathway observed was N-Ethyl-N-(2-hydroxyethyl)perfluorooctane-

sulfonamide (N-EtFOSE) degrading to N-(2-hydroxyethyl)perfluorooctanesulfonamide 

(FOSE alcohol) which then degraded to perfluorooctanesulfonamide (FOSA). Another 

pathway observed was N-EtFOSE degrading to N-ethylperfluorooctanesulfonamide (N-

EtFOSA) which then by a major pathway degraded to FOSA. FOSA thereafter degraded to 

PFOS, but the specific pathway for this degradation was not detected (Xu et al. 2004). PFOS 

can also be produced by direct transformation from N-EtPFOSA or with PFOSA as an 

intermediate, as observed in a study performed on liver microsomes from rainbow trout 

(Onchorhynchus mykiss) (Braekevelt & Friesen 2004).   

In a study examining the biomagnification of perfluorinated compounds in reindeers 

(caribou), wolfs and vegetation in Northern Canada, reindeer livers from two different herds 

were analysed and perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), 

perfluoroundecanoic acid (PFUnDA) and PFOS were detected in high concentrations 

(Claudia et al. 2011). The levels detected for the Porcupine and Bathurst herds respectively 

was 2.2 ± 0.2 and 3.2 ± 0.4 ng/g ww for PFNA, 1.9 ± 0.1 and 2.2 ± 0.2 for PFDA, 1.7 ± 0.1 

and 2.2 ± 0.2 ng/g ww for PFUnDA. PFOS concentration in the Porcupine reindeers were 

0.67 ± 0.13 ng/g ww while it was 2.2 ± 0.3 ng/g ww for the Bathurst reindeers. The 

atmosphere is not the only exposure pathway for the mountain grazing reindeers. PFASs are 

able to degrade in the atmosphere, fall down to the ground and are taken up by the vegetation. 

Claudia et al. examined the levels of PFAS in vegetation, reindeer and wolf and found that 

PFAS concentrations increase with the trophic level (Claudia et al. 2011). Several studies 

report findings of PFASs in the marine environment. In Schiavone et al. 2009 the presence of 

PFASs in fur seal pups and penguin eggs were investigated. The level of PFOS in seal 
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muscle, seal liver, Gentoo and Adélie penguin eggs were estimated to 1.3, 9.4, 0.3 and 

0.38 ng/g wet weight (Schiavone et al. 2009).  In Rotander et al. 2012, long-chained PFAAs 

were analysed in Arctic and North Atlantic marine mammals. Concentrations of PFOS as high 

as 107 ng/g ww were reported. High concentrations of (PFDA), (PFUnDA), 

perfluorododecanoic acid (PFDoDA) and perfluorotridecanoic acid (PFTrDA) were also 

found with concentrations measuring 13, 52, 9.4 and 22 ng/g respectively. One conclusion 

from the study was that long-chain carboxylates could originate from volatile precursors 

(Rotander et al. 2012). Tropospheric levels of FTOH in the range of 17-87 pg/m3 have been 

reported (Ellis et al. 2003). When other compounds degrade to form PFCAs in the 

environment or when PFCAs are present as chemical reaction impurities, it is said to be an 

indirect source of PFCAs (Prevedouros et al. 2006). 

1.2 Long-range transport 
PFOS and other perfluorinated compounds have been found in the arctic and in marine 

animals and oceans far away from direct sources. PFOS and most other perfluorinated 

compounds are not volatile which makes it unlikely for these compounds to have been 

released by industries and then travelled through the air to finally end up in the arctic. Mainly 

two theories that explain this translocation of substances is discussed (Armitage et al. 2009). 

One distribution theory involves slow transport by oceanic currents. Another common theory 

is the precursor hypothesis including long-range atmospheric transport (Armitage et al. 2009). 

The precursor hypothesis means that other compounds such as FTOHs are released into the 

environment and works as neutral, volatile precursors. Due to the precursors’ volatility they 

are able to travel through the atmosphere. The precursors may develop into PFAAs by 

atmospheric oxidative transformation. PFAS have also been proved to be a product of 

biotransformation from inhaled or ingested precursors (Jahnke et al. 2009).  

1.4 Objective 
The aim of this project is to analyse liver from reindeers in order to measure the amount of 

PFAAs that reaches Sweden by atmospheric long-range transport. The first set of samples 

were gathered 2002, shortly after the phasing out of PFOS and its salts had begun. The other 

set of samples were gathered eight years later to see if the phasing out has affected the 

concentration of these compounds in the atmosphere. Two different locations in the north of 

Sweden were chosen as sampling locations. The samples are taken from reindeers that have 

lived all of their lives in the mountains and therefore they are good representatives for how 

much perfluorinated compounds that have travelled to Sweden through the atmosphere by 

long-range transport.  

2. Method and materials 

2.1 Samples 
A total of forty liver samples from four different locations were analysed. Each sample 

represents an individual male domestic reindeer, Rangifer Tarandus Tarandus. Their choice 

of nutrition is different kinds of plants since reindeers are herbivores. There is a chance that 

the reindeers could have been provided feedstuff. There is a risk that the feedstuff can have 

affected the level of PFAAs since the composition of the feedstuff is unknown. All reindeers 

were three years old except for one who were four at the time of the slaughter. The reindeers 
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have lived all of their lives in the mountains up until the slaughter which was executed in 

September before the reindeers entered estrus. The reindeers were killed to become 

foodstuffs. During the slaughter the reindeers were first shot in the forehead by an 

anesthetizing bullet, their necks were then punctured and the bodies were hung up in their 

hind legs and they were flayed. The inner organs were removed and parts of the liver were cut 

out and frozen. In a lab, the samples were later divided into smaller parts of about 100 grams. 

The samples have been stored in the Environmental specimen bank of the Museum of Natural 

history, Sweden. The analyses are a part of the terrestrial environmental toxins monitoring 

which is financed by the Swedish Environmental Protection Agency. The background 

information about the reindeers was provided by Ylva Lind from the Museum of Natural 

history (Ylva Lind 2015, pers.comm., 16 June).  

The samples were collected at two locations in 2002 and at two similar locations in 2010. In 

2002 samples were collected from reindeers in Ammarnäs and Glen. In 2010, samples were 

collected in the same way but then at Biergenis and Glen. In figure 1, the red rings represent 

the sampling done 2002 and the blue rings represent sampling done 2010. If there are no local 

air pollutions the sampling locations should give a fair view of the air pollution of PFASs by 

long-range transport to these locations. 

(Google n.d.) 

Figure 1: The sampling locations. The upper red ring demonstrates the sampling location in Ammarnäs in 2002 and 

the blue Biergenis in 2010. The lower red ring represents the sampling location in Glen in 2002 while the lower blue 

ring represents the sampling location in Glen in 2010. 

2.2 Chemicals 
Labelled and native PFAS standards containing 13 carboxylates (4-14C, 16C and 18C), 

6 sulfonates (4-10C), 1 sulfonamide (8C) and fluorotelomersulfonates (4:2, 6:2 and 8:2) were 

used and are listed in appendix I. All standards were obtained from Wellington Laboratories 
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(Guelph, Ontario, Canada). HPLC-grade and LC/MS grade methanol were acquired from 

Fisher Scientific (Leicestershire, UK). Acetonitrile (AcN) was purchased from Fisher 

Scientific (Leicestershire, UK). Supelclean ENVI-carb was obtained from Superclo 

(Bellefonte, PA, USA) while acetic acid was obtained from E. Merck (Darmstadt, Germany). 

Ammonium acetate was purchased from Fluka (Steinheim, Germany).  

2.3 Extraction and clean-up 
The method used in this experiment is a modified method based on the method used for 

analysing livers of marine mammals (Rotander et al. 2012). About 1 gram of reindeer liver 

was used in the experiment. A blank containing 250 µl AcN and a control containing about 

0.5 grams of fish muscle from Arctic Char were used and treated in the same way as the 

samples. An amount of 5 ng of the internal standard containing 13C-PFCA and 13C-labeled 

perfluoroalkane sulfonic acids (PFSA) was added to each sample (for details see appendix 1). 

Four millilitre of AcN was added before all samples were vortexed shortly, ultrasonicated for 

15 min and then shaken for another 15 min. After centrifuging the samples for 20 min à 

8000 g, the fluid was transferred into new PP-tubes containing about 50 mg ENVI-carb and 

100 µl acetic acid was added. Another 4 ml of AcN was added to each sample before they 

again were vortexed, ultrasonicated, shaken and centrifuged at the same conditions as 

previously. The new solution was then transferred to the PP-tubes that now contained 

approximately 8 ml of AcN. With the help of nitrogen gas the 8 ml was reduced to about 1 ml. 

Before filtering the extract into a LC-vial, 1 ng of the recovery standard containing 13C-PFCA 

and 13C-PFSA was added to each vial (appendix 1). Once the extract was transferred to 

LC-vials it was evaporated, with the use of nitrogen gas, to about 200 µl. Before analysis 

300 µl of 2 mM ammonium acetate (aq) was added to each sample.  

2.4 Instrumental analysis 
A UPLC-MS/MS (ACQUITY coupled to TQ-S, Waters Corporation, Milford US) with 

negative electrospray ionization was used to perform the analysis. A Waters ACQUITY 

UPLC BEH C18 column was used with the particle size of 1.7 µm, an inner diameter of 

2.1 mm and a length of 100 mm. Since the column is nonpolar, the mobile liquid phases are 

required to be polar. The mobile phase A consisted of 70% MilliQ water, 30% methanol and 

2 mM ammonium acetate. The mobile phase B consisted of 100% methanol and 2 

mM ammonium acetate. The ammonium acetate buffers and has an ion pairing function. A 

gradient is used and the mobile phase B is increased with time to eluate the most polar 

substances first and the most nonpolar substances last. The liquid flow was kept at 

0.30 ml/min.  

2.5 Quality control and assurance 

2.5.1 Quantification 
Isotope dilution was used as one mean of quantification. 13C-labelled analytes were added in a 

certain amount as internal standard to the samples, which alter the natural isotopic 

composition in the sample and thus can be used to correct for losses during sample treatment 

or matrix effects. The recovery of the internal standard was measured by adding a recovery 

standard to the final extract. A standard containing PFAAs for each batch was prepared. The 

batch standards were analysed both before and after the samples to assure the quality of the 

analysis and that all analytes are being measured. The batch standards were also controlled 

against a three point calibration curve (2-20 ng/ml) to assure their accuracy and precision. 
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Table 3 in appendix II lists R2-values for each compound. The limit of detection (LOD) was 

calculated by taking the mean of the background noise for each compound in all four batch 

blanks and adding it to three times the standard deviation for each compound. The LOD for 

each compound is listed in table 5, appendix III. A two sided t-test and a p-test were done to 

statistically compare the average levels of the measured concentrations, with a 95% 

confidence level. The samples from Ammarnäs 2002 were compared to those from Biergenis 

2010 and Glen 2002. The samples from Glen 2010 were compared to both those from Glen 

2002 and Biergenis 2010. Minitab 17 was used to perform the calculations.  

2.5.2 Procedure 
One extraction blank for each batch of samples was used to be able to detect contamination 

during the procedure. Ten different reindeers were analysed from each location to increase the 

accuracy of the results. Table 1 present a view of the range of the recovery calculated for the 

13C-labelled PFASs for all samples. Several of the internal standards gave a very low 

recovery, below 20%, and these were therefore marked none quantified (NQ). The 

measurements of the compounds that correspond to the internal standards marked NQ have 

been excluded from the results in section 3. The low recovery can be a result of matrix effects. 

As seen in table 1 there are several calculated recoveries that are above 150%. The measured 

compounds corresponding to these also have high uncertainty but these are still included in 

the result in section 3 since the estimated concentration can still be accurate. The 

concentrations of compounds that correspond to an internal standard with recovery above 

150% have been marked with a * in section 3. The high recovery can be due to either matrix 

effects or effects from the mass spectrometer.  

Table 1: Minimum and maximum values of recovery (%) for the internal standards in 40 liver samples. All standards 

that gave a recovery below 20% is marked none quantified (NQ) since the measurements of these compounds are too 

uncertain to be included in the results.  

 
 Ammarnäs 

2002 

Biergenis  

2010 

Glen  

2002 

Glen  

2010 

C13 PFBA Min; Max NQ 78; >150 NQ NQ 

C13 PFHxA Min; Max 72; >150 129; >150 71; >150 62; 131 

C13 PFOA Min; Max 69; 101 109; 128 63; 150 58; 84 

C13 PFNA Min; Max NQ 35; 117 NQ NQ 

C13 PFDA Min; Max 69; 104 110;129 70; >150 54; 87 

C13 PFUnDA Min; Max 73; 111 113; 128 65; >150 55; 87 

C13 PFDoDA Min; Max NQ 51; 135 21; 78 NQ 

C13 PFOSA Min; Max NQ 56; 123 NQ NQ 

O18 PFHxS Min; Max 71; 120 114; 126 66; >150 56; 100 

C13 PFOS Min; Max 69; 100 108; 128 68; >150 56; 86 

C13 6:2 FTS Min; Max >150; >150 >150; >150 >150; >150 >150; >150 

C13 8:2 FTS Min; Max 52; 143 >150; >150 48; >150 49; >150 

 

2.5.3 Control sample 
An in-house control sample was used to check the accuracy and precision of the analysis. The 

sample was fish muscle and has been analysed before by the laboratory and was treated as one 

of the samples with every batch. The control sample was included in 3 of 4 batches of 

samples; Ammarnäs 2002, Glen 2002 and Glen 2010. The relative standard deviation (RSD) 
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of quantified concentrations above LOD for the compounds ranged from 14 to 21 %. The 

RSD for the compounds with concentrations above LOD are listed in table 4 in appendix II.  

2.5.4 Instrumental 
During the analysis methanol injections were repeatedly used to assure that the instrument 

was clean and that no traces of the previous injection would affect the next sample injection. 

Two product ions were analysed per analyte to check the quality of the result. If the result 

differs with more than 50 % between the two product ions the result is uncertain.  

2.5.5 Statistical calculation 

A two sided Student´s t-test were performed using Excel to evaluate differences between 

sampling years and locations. If the calculated values for t are below tcrit, this indicate that 

there is no statistical difference. If the calculated t value are above tcrit, this indicate a 

significant difference. Detailed information about the t-test can be found in table 6-9, 

appendix IV. 

3. Results and discussion 

3.1 Levels of PFAS in reindeers from northern Sweden 
Of the 24 different PFAS that were analysed, 11 of them were detected in reindeers from the 

north of Sweden. Detailed information concerning measured concentrations of the different 

PFAS is listed in appendix III. The highest levels of PFOS found were 5-6.1 ng/g in Glen and 

Ammarnäs 2002 respectively. These levels decreased until 2010 to concentrations of 3.2 ng/g 

at Glen and 0.87 ng/g at Biergenis. Long-chain carboxylates such as PFDA and PFUnDA 

were detected at all locations with concentrations ranging between 0.41-1.5 ng/g and 0.6-

1.8 ng/g respectively. The LOD was very high for PFOA and the mean concentration for 

PFOA for all samples were below detection limit at all locations. The lowest LOD was 

0.01 ng while the highest LOD was 0.26 ng, except for PFOA, which had a very high 

detection limit of 1.3 ng. The high LOD for PFOA is due to a high standard deviation which 

means a broad variation of PFOA concentrations in the blanks. The contamination of PFOA 

was very high in three of four batch blanks while it was very low in the forth. The findings in 

this study can be compared to the concentrations of PFCAs and PFOS found in Canadian 

reindeers, that was sampled in 2007-2008 by (Claudia et al. 2011). The level of PFOS was 

0.67 ± 0.13 ng/g ww for one herd (Porcupine) and 2.2 ± 0.3 ng/g ww for the other (Bathurst). 

The levels of PFNA for the Porcupine and Bathurst herds were 2.2 ± 0.2 and 3.2 ± 0.4 

ng/g ww respectively. For PFDA it was 1.9 ± 0.1 and 2.2 ± 0.2 ng/g ww and PFUnDA was 

found at levels of 1.7 ± 0.1 and 3.2 ± 0.2 ng/g ww (Claudia et al. 2011). The levels of PFOS 

found in Ammarnäs and Glen in 2002 are much higher than the levels reported by Claudia et 

al while the levels of PFOS in Biergenis and Glen in 2010 are slightly higher. Although, the 

estimated levels of both PFDA and PFUnDA were lower in this study than those presented by 

Claudia et al. in 2011. PFNA could only be quantified in the reindeer samples from Biergenis 

2010, which contained 0.86 ng/g. This is much lower than the concentrations of PFNA 

presented by Claudia et al. The differences in concentrations can be due to how close the 

analysed reindeers lived from local sources.  
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3.2 Comparison between Ammarnäs 2002 and Biergenis 2010 
As shown in figure 2 the concentration of PFDA, PFUnDA and PFOS decreased from 0.83, 

1.1 and 6.1 ng/g in 2002 to 0.41, 0.60 and 0.87 ng/g respectively in 2010. Detailed 

information about measured concentrations and LOD for all compounds, is provided in table 

5, appendix III. The apparent decrease of PFOS indicate that the phasing out of PFOS since 

2001 have given positive effects on the presence of PFOS in the wildlife. A decrease of PFOS 

indicates that the release of its precursors, for example N-EtFOSE, has decreased. The 

decrease in concentrations of PFDA and PFUnDA indicates that releases of 10:2 FTOH has 

decreased, assuming that it follows the same degradation pattern which was observed by Ellis 

in 2004 for shorter FTOHs, as mentioned in section 1.1. The levels of perfluoropentanoic acid 

(PFPeA), perfluorohexanoic acid (PFHxA), perfluorohexane sulfanoic acid (PFHxS), 

perfluoroheptane sulfanoic acid (PFHpS) and perfluorodecane sulfonic acid (PFDS) in 

reindeers from Biergenis 2010 were all below LOD which also indicates and strengthen the 

theory that releases of FTOHs and FOSEs have decreased during the 8 years which would 

generate decreasing levels of PFCAs and PFSAs. A valid conclusion is that the release of 

precursor compounds such as FTOHs and FOSEs have decreased, which results in lower 

presence of them in the atmosphere. This leads to a minimized exposure of precursors to the 

wildlife, since thereby fewer precursors are taken up by the vegetation and less PFAS are 

produced by degradation in the reindeers. However the degradation of FTOHs can also occur 

in the atmosphere and the degradation products could then be descending to the ground and 

taken up by the vegetation which the reindeers later would ingest. PFNA in reindeers from 

Ammarnäs 2002 was not quantified since the recovery for this substance was below 20%. The 

uncertainty is therefore too high and it is not possible to make a valid conclusion about any 

increase or decrease for PFNA from 2002 until 2010.   

When the samples from Biergenis 2010 were analysed, the substances PFNS, 4:2 

fluorotelomer sulfonate (FTS), 6:2 FTS and 8:2 FTS did not yet exist in the standard used and 

therefore results for these compounds cannot be presented for the Biergenis 2010 samples. 

Therefore it is not possible to analyse any increase or decrease of the presence of these 

compounds at the Ammarnäs/Biergenis location over time.  

The results indicate that there is a difference between the measured concentrations in 2002 

and 2010. However, when comparing these results of PFDA, PFUnDA and PFOS, using a t-

test at a 95% confidence level, only PFOS is indicated to be significantly different between 

2002 and 2010. This indicates that it is possible for PFDA and PFUnDA to have the same 

origin, while the source of PFOS may have changed from 2002 until 2010 at the location of 

Ammarnäs and Biergenis. Detailed information about the calculations can be found in table 6, 

appendix IV. 
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Figure 2: Amounts (ng/g) of PFAAs found in 10 reindeer livers from Ammarnäs 2002 and 10 reindeer livers from 

Biergenis 2010. The number after each compound name is the mass (m/z) of the quantified product ion. Only values 

that are above LOD are shown.  

3.3 Comparison between Glen 2002 and Glen 2010 
At Glen the levels of PFDA and PFUnDA have increased from 0.9 and 1.4 ng/g to 1.5 and 

1.8 ng/g respectively (appendix III). PFDA and PFUnDA have a high bioaccumulating 

potential. This in combination with an unchanged or increasing exposure of PFDA and 

PFUnDA or their precursor compounds could explain the increase of the compounds. The 

increase in PFDA and PFUnDA (see figure 3) indicates an increasing release of 10:2 FTOH, 

if it follows the same degradation pattern as observed by (Ellis et al. 2004) for shorter FTOHs. 

PFDoDA and PFTrDA analysed in reindeers from Glen 2010 were not quantified which 

means that the recoveries of their corresponding internal standard were below 20%. The 

reindeers from Glen 2002 had a PFOS concentration of 5.0 ng/g while the reindeer samples 

from 2010 only contained 3.2 ng/g. The decrease of the level of PFOS at Glen was much 

smaller, than the decrease of PFOS at the northern location. The decrease of PFOS is most 

likely due to the Stockholm convention i.e the phasing out of PFOS and its precursors. The 

levels of PFHxS, PFHpS and 4:2 FTS have also decreased from 0.062, 0.12 and 0.062 ng/g to 

0.034, 0.059 and 0.034 ng/g respectively while the level of PFNS is close to zero for Glen 

2002, and below LOD for Glen 2010. The small yet noticeable decrease of PFSAs supports 

the theory of a declining release of FOSE.  

The concentrations measured in the samples from Glen 2002 and Glen 2010 indicate an 

increase of some compounds and a decrease of others, although, this is not supported 

statistically. Comparing the levels of PFDA, PFUnDA, PFHxS, PFHpS, PFOS, 4:2 FTS from 

Glen 2002 with those from Glen 2010 using a t-test suggest that there is a significant 

difference between the results at the two times of sampling for PFDA, PFHxS, PFHpS and 

PFOS. For the last compound, PFUnDA, the t-test indicate that there is no significant 

difference between the concentrations of PFUnDA found at Glen in 2002 and the levels of 

PFUnDA found at Glen in 2010. The comparison was done at a 95% confidence level. This 

may indicate that the amount of PFUnDA pollution has not changed significantly from 2002 
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to 2010 at Glen. However, the decrease in concentration of PFHxS PFHpS, PFOS and 4:2 

FTS as well as the increase of the level of PFDA are statistically significant. Detailed 

information about the statistical test are displayed in table 7, appendix IV.  

 

Figure 3: Amounts (ng/g) of PFAAs found in 10 reindeer livers from Glen 2002 and 10 reindeer livers from Glen 2010. 

The number after each compound name is the mass (m/z) of the quantified product ion. Only values that are above 

LOD are shown.  

3.4 Comparison between Ammarnäs 2002 and Glen 2002 
The geographical exposure in 2002 is compared in figure 4. The levels of compounds are 

similar between the Ammarnäs and Glen, but not identical. The largest differences in 

concentrations between the two locations concern PFHxA, PFOS, PFDoDA and PFTrDA. 

Since PFAS reaches the reindeers by the atmosphere and vegetation it is difficult to discuss a 

common source, although, the difference in concentrations suggests that the PFAS found at 

each location do not all have identical origin. Local anthropogenic sources may have affected 

the reindeers’ exposure to PFAS by the air. The levels of PFHxA, PFHxS, PFHpS, PFOS, and 

4:2 FTS are higher in Ammarnäs while the concentrations of PFDA, PFUnDA, PFDoDA, 

PFTrDA and PFNS are higher in Glen. This indicates that precursor sources nearby 

Ammarnäs releases higher quantities of FOSE, since highest quantities of PFSAs were found 

in reindeers from Ammarnäs. On the other hand, PFCAs with 10-13 carbons were found in 

highest quantities in reindeers from Glen. This indicates local sources of fluorotelomer 

alcohols, suggestively 10:2 FTOH and 12:2 FTOH. 10:2 FTOH and 12:2 FTOH are likely to 

degrade into PFDA, PFUnDA, PFDoDA and PFTrDA if they would follow the same 

degradation pattern of 4:2 FTOH, 6:2 FTOH and 8:2 FTOH as observed by (Ellis et al. 2004), 

which was mentioned in section 1.1. It should also be noted that the recovery calculated for 

several of the compounds analysed in reindeers from Ammarnäs and Glen 2002 were above 

150% or below 20%. Both indicate high uncertainty of the results and therefore it is difficult 

to determine the actual quantity present of compounds.   

The results suggest that there might be different sources contributing to the release of 

precursors at the two locations. However, this is not completely supported statistically. 
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Student’s t-test with a 95% confidence level was used to compare the measured 

concentrations of PFDA, PFUnDA, PFHxS, PFHpS, PFOS and 4:2 FTS. Only PFHpS and 4:2 

FTS was indicated to be statistically significant. This may indicate that the source from which 

PFHpS and 4:2 FTS origin is different but the concentrations are close to the detection limit 

so conclusions should be regarded as uncertain. Detailed information about the statistical tests 

can be found in table 8, appendix IV.  

 

Figure 4: Amounts in ng/g of the PFAAs found in 10 reindeer liver samples from Ammarnäs 2002 and 10 reindeer 

liver samples from Glen 2002. Only values that are above LOD are shown. 

3.5 Comparison between Biergenis 2010 and Glen 2010 
Except for PFOS the compounds found in largest concentrations in Glen are PFCAs. Similar 

to the comparison between Ammarnäs and Glen 2002, Glen is likely to have a source 

releasing a larger quantity of PFCA precursors, such as FTOHs as well as N-EtFOSE which 

acts as a precursor to PFOS. PFOS was found in more than three times as high concentration 

in reindeers from Glen 2010 (3.2 ng/g) than reindeers from Biergenis 2010 (0.87 ng/g). The 

difference in the levels of compounds is larger between Biergenis and Glen in 2010 compared 

to the difference in levels of compounds between Ammarnäs and Glen in 2002. With the 

exception of PFNA, all PFAS are present in greater concentrations at Glen (appendix III). 

Glen is located further to the south than Biergenis and is surrounded by more densely 

populated areas compared to Biergenis. Therefore there is a greater chance of releases of 

PFAS and their precursors. The difference can therefore be due to local releases of PFAS 

precursor compounds. If the only source of PFAS would have been long-range atmospheric 

transport, the levels of PFAS should have decreased approximately as much at both locations 

from 2002 to 2010. In 2002 the levels of PFAS in the reindeers were fairly similar between 

Ammarnäs and Glen. When comparing this to figure 5 one can see that the levels of PFAS in 

reindeers from Glen 2010 in general are much higher than those of Biergenis 2010. This 

suggests that additional sources have been introduced in Glen sometime between 2002 and 

2010.  

The results indicate a difference between the concentrations measured in Biergenis 2010 and 

Glen 2010. This is supported statistically when comparing the measured levels of PFDA, 
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PFUnDA and PFOS using student’s t-test with a 95% confidence level. The test indicate a 

statistical significant difference for the compounds between locations. This could indicate that 

these three compounds do not have the same origin if sampled at Biergenis in 2010 or Glen in 

2010 and that there is an additional source in Glen. Detailed information about the tests can be 

found in table 9, appendix IV.  

 

 

Figure 5: Amounts in ng/g of the PFAAs found in 10 reindeer liver samples from Biergenis 2010 and in 10 reindeer 

liver samples from Glen 2010. Only values that are above LOD are shown. 

4. Conclusion 
The presence of PFAS has in general decreased in time with the exception of PFDA and 

PFUnDA which increased in Glen. The most significant decrease is the level of PFOS at both 

locations. The decrease is most likely due to the acceptance of PFOS as a POP into the 

Stockholm convention. The decision to phase out the usage of PFOS and its precursors clearly 

show results in the wildlife. The decrease in PFAS concentrations indicates that both FTOHs 

and FOSE have been released in reducing quantities. This is positive not only for the 

reindeers and other wildlife but also for us humans since we eat reindeers and other animals. 

The PFAS are likely to accumulate higher up in the food chain, meaning that humans risk 

achieving levels of PFAS higher than the levels of PFAS in the food we eat. When decreasing 

the quantities released into the atmosphere, in course of time we can decrease the levels of 

PFAS both in the wildlife and in us humans. Comparing the levels of PFAAs found at 

Ammarnäs 2002 with those at Glen 2002 tells us that the PFAS distribution in the atmosphere 

is fairly similar. The difference is greater 8 years later. The levels of PFAAs in 2010 reveal 

that there are less polluting factors affecting the reindeers at Biergenis than those at Glen. In 

conclusion, the location has affected the results. Since Glen is presumed to have acquired an 

additional source releasing precursors, the results do not only represent pollution occurring by 

long-range atmospheric transport.  
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5. Considerations 
The conclusions are made with the limited number of ten samples per location and year. A 

greater number of samples and locations would improve the certainty of the results. It would 

also give a better understanding of how much of the PFASs that originate from local sources 

and long-range transport. It would have been very interesting to continue to monitor the levels 

of PFASs in reindeers to get a better overview of which compounds that are present and to see 

if the increases and decreases of compounds that have been reported here continue. Another 

aspect would be to also analyse other animals living in the mountains, for example mountain 

hare or Norway lemming to see if the exposure is any different. Since the exposure depends 

on the location, the sampling locations could be expanded in number to try to isolate a source 

and also which sources that the differences in PFASs distribution originate from. Although, 

increasing the number of sampling locations when it comes to reindeers can be problematic 

since they live in specific areas. It is not known how big areas the analysed reindeers moved 

in during their lifetime and thereby it is difficult to know if the reindeers have been further 

away or closer to local sources at different times during their lifetime. Since the sampling 

location is not identical for Ammarnäs/Biergenis this could also have affected the results.  

To decrease the levels of PFAS, the usage of their precursors need to be diminished. To 

manage to eliminate as much of these precursors as possible, they need to be able to be 

replaced by alternative compounds with similar qualities. More research needs to be done 

regarding compounds that can replace the precursors. In addition to that, more information 

about PFAS regarding their health and environmental effects need to reach industries that in 

any way contribute to the levels of PFAS in the environment and wildlife. The concentration 

of PFOS has diminished significantly since the countries that signed the Stockholm 

convention decided to restrict the usage of it. To eliminate other hazardous PFAS, more 

research needs to be completed so that they can be accepted into the Stockholm convention.  
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Appendix I 
Table 2: Description of each compound analysed and in which standard it was used. 

Acronym Name Molecular formula 
Used in 

standards 

Product ions 

analysed 

(m/z) 

Perfluoroalkyl carboxylic acids (PFCA) 

PFBA Perfluorobutanoic acid C3F7CO2H 
Native. IS. 

RS 
169 

PFPeA Perfluoropentanoic acid C4F9CO2H Native   219 

PFHxA Perfluorohexanoic acid C5F11CO2H Native. IS 119, 269 

PFHpA Perfluoroheptanoic acid C6F13CO2H Native. RS 169, 319 

PFOA Perfluorooctanoic acid C7F15CO2H 
Native. IS. 

RS 169, 369 

PFNA Perfluorononanoic acid C8F17CO2H 
Native. IS. 

RS 219, 419 

PFDA Perfluorodecanoic acid C9F19CO2H 
Native. IS. 

RS 219, 469 

PFUnDA Perfluoroundecanoic acid C10F21CO2H 
Native. IS. 

RS 269, 519 

PFDoDA Perfluorododecanoic acid C11F23CO2H Native. IS 169, 569 

PFTrDA Perfluorotridecanoic acid C12F25CO2H Native 169, 619 

PFTeDA Perfluorotetradecanoic acid C13F27CO2H Native 169, 669 

PFHxDA Perfluorohexadecanoic acid C15F31CO2H Native 169, 769 

PFOcDA Perfluorooctadecanoic acid C17F35CO2H Native 169, 869 

Perfluorooctanesulfonamide (PFOSA) 

PFOSA Perfluorooctanesulfonamide C8H2F17NO2S Native 169 

Perfluoroalkane sulfonic acids (PFSAs) 

PFBuS 
Perfluorobutane sulfonic 

acid 
C4F9SO3H Native 80, 99 

PFPeS 
Perfluoropentane 

sulfonic acid 
C5F11SO3H Native 80, 99 

PFHxS 
Sodium perfluorohexane 

sulfanoic acid 
C6F13SO3Na Native. IS 80, 99, 119 

PFHpS 
Perfluoroheptane 

sulfonic acid 
C7F15SO3H Native 80, 99 

PFOS 
Perfluorooctane sulfonic 

acid 
C8F17SO3H 

Native. IS. 

RS 80, 99, 169 

PFNS 
Sodium perfluorononane 

sulfonic acid 
C9F19SO3H Native 80, 99 

PFDS 
Sodium perfluorodecane 

sulfonic acid 
C10F21SO3Na Native 80, 99 

Fluorotelomersulfonates (FTSs)  

4:2 FTS 
4:2 Fluorotelomer 

sulfonate 
C6F9SO3H5 Native 81, 307 

6:2 FTS 
6:2 Fluorotelomer 

sulfonate 
C8F13SO3H5 Native. IS 81, 407 
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8:2 FTS 
8:2 Fluorotelomer 

sulfonate 
C10F17SO3H5 Native. IS 80, 507 

IS: These compounds were added as 13C-labeled internal standards to the samples and the batch 

standard.  

RS: These compounds were added as 13C-labeled recovery standards to the samples and the batch 

standard. 
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Appendix II 
Table 3: R2-values for the linearity for the four batch standards when controlled against a three point calibration 

curve are displayed. Table 3 show the theoretical value and the calculated value for the mean peak areas of the batch 

standards. The percentages represent how close the calculated values are to the theoretical values. 

Substance R2-value 
Calculated value 

(ng/ml) 

Theoretical value 

(ng/ml) 
% 

PFBA169 R² = 0,45 5,4 4 136 

PFPeA219 R² = 0,87 4,5 4 110 

PFHxA269 R² = 0,94 4,2 4 106 

PFHpA319 R² = 0,94 4,2 4 105 

PFOA369 R² = 0,94 4,3 4 107 

PFNA419 R² = 0,95 4,2 4 105 

PFDA469 R² = 0,95 4,2 4 104 

PFUnDA519 R² = 0,95 4,2 4 105 

PFDoDA569 R² = 0,98 4,0 4 99 

PFTrDA619 R² = 0,97 3,8 4 96 

PFTDA669 R² = 0,96 3,7 4 93 

PFHxDA769 R² = 0,96 3,8 4 94 

PFOcDA869 R² = 0,94 3,7 4 92 

PFOSA169 R² = 0,97 4,1 4 102 

PFBuS99 R² = 0,94 4,2 4 105 

PFPeS99 R² = 0,95 3,8 4 94 

PFHxS99 R² = 0,94 4,2 4 105 

PFHpS99 R² = 0,94 4,2 4 105 

PFOS99 R² = 0,95 4,2 4 104 

PFNS99 R² = 0,95 4,0 4 100 

PFDS99 R² = 0,97 4,1 4 102 

4:2 FTS307 R² = 0,97 4,1 4 103 

6:2 FTS407 R² = 0,92 4,7 4 120 

8:2 FTS507 R² = 0,98 3,8 4 95 

 

Table 4: Relative standard deviation of quantified levels for compounds above LOD in a quality control fish sample 

included in three out of four batches. 

Substance RSD % 

PFNA419 20 

PFDA469 20 

PFUnDA519 21 

PFDoDA569 15 

PFTrDA619 19 

PFHxS99 18 

PFHpS99 21 

PFOS99 19 
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Appendix III 
Table 5: Summary of the mean and median, as well as the lowest and highest concentrations (ng/g) of analysed PFAS 

in reindeers from Sweden. The number after each compound name is the mass (m/z) of the quantified product ion. 

LOD for all compounds are shown in pg.  

  
Ammarnäs 

2002 

Biergenis 

2010 

Glen  

2002 

Glen  

2010 

LOD 

(ng) 

PFBA169 

Mean <LOD <LOD <LOD <LOD 
 

0.056 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFPeA219 

Mean <LOD <LOD <LOD <LOD 
 

0.099 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFHxA269 

Mean <LOD <LOD <LOD <LOD 

 

0.71 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFHpA319 

Mean <LOD <LOD <LOD <LOD 

 

0.19 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFOA369 

Mean <LOD <LOD <LOD <LOD 

 

1.3 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFNA419 

Mean 1.6 0.86 1.3 1.8 
 

0.21 
Median 1.4 0.92 1.2 1.7 

Min;Max 0.80; 2.9 0.52; 1.01 0.503. 2.1 0.84; 3.1 

PFDA469 

Mean 0.83 0.41 0.90 1.5 
 

0.26 
Median 0.76 0.39 0.80 1.2 

Min;Max 0.44; 1.5 0.30; 0.53 0.46; 1.6 0.96; 2.6 

PFUnDA519 

Mean 1.1 0.604 1.4 1.8 
 

0.23 
Median 1.1 0.58 1.3 1.5 

Min;Max 0.58; 2.0 0.42; 0.79 0.70; 2.3 1.04; 3.1 

PFDoDA569 

Mean 2.2 <LOD 0.49 0.59 
 

0.23 
Median 0.50 <LOD 0.40 0.48 

Min;Max 0.18; 17 <LOD 0.33; 0.9 0.35; 1.04 

PFTrDA619 

Mean <LOD <LOD 0.33 <LOD 

 

0.26 
Median <LOD <LOD 0.29 <LOD 

Min;Max <LOD <LOD 0.22; 0.61 <LOD 

PFTeDA669 

Mean <LOD <LOD <LOD <LOD 

 

0.11 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFHxDA769 

Mean <LOD <LOD <LOD <LOD 

 

0.059 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFOcDA869 

Mean <LOD <LOD <LOD <LOD 
 

0.24 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFOSA169 Mean 2.03 <LOD 0.35 0.34  
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Median 0.24 <LOD 0.31 0.33 0.23 

Min;Max 0.066; 17 <LOD 0.12. 0.902 0.26; 0.44 

PFBuS99 

Mean <LOD <LOD <LOD <LOD 

 

0.24 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFPeS99 

Mean <LOD <LOD <LOD <LOD 

 

0.57 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

PFHxS99 

Mean 0.075 <LOD 0.062 0.034 
 

0.032 
Median 0.073 <LOD 0.058 0.04 

Min;Max 0.033; 0.13 <LOD 0.024; 0.14 0.02; 0.04 

PFHpS99 

Mean 0.23 <LOD 0.12 0.059 

 

0.014 
Median 0.23 <LOD 0.13 0.053 

Min;Max 0.14; 0.36 <LOD 0.06; 0.17 
0.035; 

0.093 

PFOS99 

Mean 6.1 0.87 5.0 3.2 
 

0.077 
Median 5.9 0.89 5.0 3.3 

Min;Max 3.2; 9.4 0.59; 1.1 2.2; 7.0 2.0; 4.3 

PFNS99 

Mean <LOD - 0.00 <LOD 

 

0.0036 
Median <LOD - 0.00 <LOD 

Min;Max <LOD - 0.00; 0.01 <LOD 

PFDS99 

Mean <LOD <LOD <LOD <LOD 

 

0.0055 
Median <LOD <LOD <LOD <LOD 

Min;Max <LOD <LOD <LOD <LOD 

4:2 FTS307 

Mean 0.17 - 0.06 0.034 

 

0.011 
Median 0.17 - 0.06 0.028 

Min;Max 0.085; 0.28 - 0.03; 0.10 
0.014; 

0.087 

6:2 FTS407 

Mean <LOD - <LOD <LOD 

 

0.17 
Median <LOD - <LOD <LOD 

Min;Max <LOD - <LOD <LOD 

8:2 FTS507 

Mean <LOD - <LOD <LOD 

 

0.013 
Median <LOD - <LOD <LOD 

Min;Max <LOD - <LOD <LOD 
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Appendix IV 
 

Table 6: The calculated t-value from a two-sided t-test, and p-value for the comparison between the samples from 

Ammarnäs 2002 and the samples from Biergenis 2010, is shown in table 6. A t-value below tcrit at a 95% confidence 

level indicates no statistical significant difference. Tcrit has a value of 1.833.  

 Ammarnäs 2002 Biergenis 2010 
Statistical  

significance 

Substance Mv1 N1 SD1 Mv2 N2 SD2 t-value 

PFDA 0.83 10 0.32 0.41 10 0.077 1.3 

PFUnDA 1.1 10 0.44 0.60 10 0.13 1.07 

PFOS 6.1 10 1.6 0.87 10 0.16 3.2 

 

Table 7: The calculated t-value from a two-sided t-test, and p-value for the comparison between the samples from 

Glen 2002 and the samples from Glen 2010, is shown in table 7. A t-value below tcrit at a 95% confidence level 

indicates no statistical significant difference. Tcrit has a value of 1.833. 

 Glen 2002 Glen 2010 
Statistical 

significance 

Substance Mv1  N1 SD1 Mv2 N2 SD2 t-value 

PFDA 0.9 10 0.44 1.5 10 0.64 2.4 

PFUnDA 1.4 10 0.61 1.8 10 0.74 1.3 

PFHxS 0.062 10 0.030 0.034 9 0.014 2.6 

PFHpS 0.12 10 0.037 0.059 10 0.018 4.4 

PFOS 5.0 10 1.4 3.2 10 0.78 3.5 

4:2 FTS 0.062 10 0.024 0.034 10 0.023 2.6 
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Table 8: The calculated t-value from a two-sided t-test, and p-value for the comparison between the samples from 

Ammarnäs 2002 and the samples from Glen 2002, is shown in table 8. A t-value below tcrit at a 95% confidence level 

indicates no statistical significant difference. Tcrit has a value of 1.833. 

 Ammarnäs 2002 Glen 2002 
Statistical 

significance 

Substance Mv1  N1 SD1 Mv2 N2 SD2 t-value 

PFDA 0.83 10 0.32 0.90 10 0.44 0.42 

PFUnDA 1.1 10 45 1.4 10 0.60 1.3 

PFHxS 0.073 10 0.02 0.06 10 0.03 0.90 

PFHpS 0.23 10 0.07 0.12 10 0.04 4.4 

PFOS 6.05 10 5.0 5.0 10 1.4 1.6 

4:2 FTS 0.17 10 0.06 0.06 10 0.02 4.6 

 

Table 9: The calculated t-value from a two-sided t-test, and p-value for the comparison between the samples from 

Biergenis 2010 and the samples for Glen 2010, is shown in table 9. A t-value below tcrit at a 95% confidence level 

indicates no statistical significant difference. Tcrit has a value of 1.833. 

 Biergenis 2010 Glen 2010 
Statistical 

significance 

Substance Mv1 N1 SD1 Mv2 N2 SD2 t-value 

PFDA 0.41 10 0.08 1.5 9 0.64 5.3 

PFUnDA 0.60 10 0.13 1.8 10 0.74 5.0 

PFOS 0.87 10 0.16 3.2 10 0.78 9.4 

 


