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Abstract 
 

Recent studies have shown increasing levels of unidentified fluorinated compounds, with unknown 

toxic effects to living organisms. These unidentified fluorinated compounds might be those novel 

replacements for PFOS and PFOA and some other related chemicals. These fluorinated substances 

have proven to be a challenge to identify and measure in blood samples and the number has been 

approximated to over 4700 compounds. Analysing the extractable organic fluorine (EOF) in samples 

and performing a mass balance analysis on measurable per- and polyfluoroalkyl substances (PFAS) to 

total EOF can provide an estimate on the levels of unidentified fluorinated compounds.  
Following the contamination of drinking water in Ronneby, a third of the population in the affected 

area were exposed to elevated levels of PFASs. PFHxS, PFOS and PFOA were measured in serum 

samples. The present study measured 11 target PFAS as well as EOF in whole blood samples from 

Ronneby (with known exposure) together with samples from three other cities in Sweden to preform a 

mass balance analysis in order to estimate the levels of unidentified fluorinated compounds. Results 

showed measurable concentrations of 11 PFAS in all cities included in this study, and mass balance 

analysis of EOF indicated the presence of unidentified fluorinated compounds in all samples, ranging 

from 47 %  to 89 % among the samples from Ronneby and 11 % to 42 % among samples from 

Stockholm, Örebro and Malmö. The composition of 11 PFAS in human blood samples might indicate 

the source of exposure.  
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Introduction 

Perfluoroalkyl- and polyfluoroalkyl substances (PFAS) are defined as substances where one or several 

hydrogen atoms of the alkane chain have been replaced with fluorine. For polyfluoroalkyl substances, 

several but not all of the carbon chain hydrogens have been replaced with fluorine, while in 

perfluoroalkyl substances all of the hydrogens bonded to the alkyl carbon chain have been replaced 

with fluorine atoms. PFAS can be further classified into more specific categories depending on the 

functional group bonded to the carbon chain, e.g. perfluoroalkyl carboxylic acids (PFCAs) have a 

carboxyl group (-COOH) attached while perfluoroalkyl sulfonic acids (PFSAs) have a sulfonyl group 

(-SO3H) attached. Precursors of perfluoroalkyl carboxylic acids (e.g., 6:2 fluorotelomer sulfonate) 

make up a category of their own which includes polyfluorinated alkyl substances (Buck et al., 2011). 

 

PFAS have since the 1940’s been used in industries thanks to their water, fat, and dirt repellent 

properties and can be found in, inter alia, textiles, paper packaging, kitchenware and fire extinguisher 

foam (Sunderland et al., 2019). Among all PFAS that exist today two perfluoroalkyl acids – 

perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS) – have been broadly studied, 

because of their extensive use in industries (Kemikalieinspektionen, 2016) and due to the fact that 

they are the degradation product of many precursors (Yeung and Mabury, 2016)  

 

11 PFAS have been listed by the Swedish national agency (Livsmedelsverket) as compounds that 

should be avoided in drinking water because of their risks to living organisms; the 11 PFAS are 

perfluorobutanesulfonate (PFBS), perfluorohexanesulfonate (PFHxS), perfluorooctanesulfonate 

(PFOS), 6:2 fluorotelomersulfonate (6:2 FTSA), perfluorobutanoate (PFBA), perfluoropentanoate 

(PFPeA), perfluorohexanoate (PFHxA), perfluoroheptanoate (PFHpA), perfluorooctanoate (PFOA), 

perfluorononaoate (PFNA) and perfluorodecanoate (PFDA). Under the recommendation, drinking 

water should not contain more than 90 ng/L total amount of the 11 PFAS (Livsmedelsverket 2018). 

 

In the European directive 2006/122/EC the European parliament authorized restrictions on the 

production and use of PFOS and its salts. PFOA, its salt and related substances are included in the 

regulation 1907/2006 of the European parliament and council concerning the registration, evaluation, 

authorisation and restriction of chemicals (REACH) (Knutsen et al., 2018). Other international 

regulations include the Stockholm convention, where PFOS, it’s salts and PFOSF (a PFOS precursor) 

where listed in the Annex B as persistent organic pollutants in 2009. In 2017 PFHxS and its salts were 

included in the 1907/2006 REACH regulation following the findings of its toxic, persistent and 

bioaccumulate properties (European chemicals agency, 2017).   

 

Studies have revealed detrimental effects of PFASs on both mammals and amphibians, for instance 

PFOS showed to induce hepatotoxicity in zebrafish and has been found to disrupt hormone production 

in mammals (Du et al., 2009; Han and Fang, 2010). Furthermore, reduced immune-response was 

observed in correlation to high concentrations of perfluorinated compounds in young children 

(Grandjean et al., 2012)   

 

Target PFAS have been accurately identified and measured using liquid chromatography tandem mass 

spectrometry. Common extraction procedures are ion-pairing liquid-liquid extraction or solid phase 

extraction (Yeung & Mabury, 2016; Cho et al, 2015; Ehresman, 2007). Solid phase extraction can 

also be used as an additional clean up step following liquid-liquid extraction (Yeung et al, 2008). 
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While many studies have demonstrated the presence of PFOS and PFOA in biological samples, recent 

research has shown declining levels of these compounds (Olsen et al., 2008). However only a fraction 

of all perfluorinated compounds have been successfully extracted and determined with the methods 

that exist today. According to an earlier study (Yeung & Mabury 2016), 41 PFAS were measured, but 

there are difficulties with determining each of these compounds individually in samples. This means 

that there were levels of unidentified PFAS and eventually other fluorinated compounds that 

contribute to the total organic fluorine in blood samples and these compounds are not detected in 

target analysis. A large contribution of unidentified PFAS may arise from the replacement of PFOS 

and PFOA in industries following the regulations mentioned above. To get an idea of the amount of 

unidentified PFAS present in blood samples, a mass balance analysis can be preformed. Extractable 

organic fluorine (EOF) is determined using combustion ion chromatography, then by converting the 

identified PFAS into concentration of fluorine equivalent and subtracting this from the total amount of 

extractable organic fluorine it is possible to get an estimate of the amount of unidentified 

perfluorinated compounds. 

 

It is of interest to measure the amount of all fluorinated compounds in blood samples as the health 

effects of them has not been evaluated. Earlier studies have shown concentrations of unidentified 

fluorinated compounds of up to 80 %, indicating that PFOS and PFOA levels might not always be a 

good indicator of the total amount of perfluorinated compounds in human samples (Yeung et al., 

2016).  

 

During the years between 1980 and 2013 one third of the population in the Swedish city Ronneby was 

exposed to perfluorinated alkyl acids (PFAA) through contaminated drinking water. The high 

concentrations of PFAS came from fire extinguishing foam that leaked into the ground water, used in 

firefighting training facilities in an area nearby. Analysis of blood samples showed higher than normal 

PFAS levels in the population when compared with controls. Mean values and standard deviation for 

exposed subjects were found to be 387 ± 259 (ng/mL; mean±standard deviation) for PFOS, 353 ± 260 

for PFHxS and 21.1 ± 14.7 for PFOA (Li et al., 2018). Individuals from the same city who had not 

consumed contaminated drinking water were chosen for control. The concentrations for the three 

PFAS measured in the controls were found to be 5.68 ± 6.19 (ng/mL), 1.91 ± 5.27 and 1.77 ± 0.81 for 

PFOS, PFHxS and PFOA respectively. Further analyses have been made on the subjects to investigate 

the population halving time of the three PFAS, which were found to be 4 years for PFOS, 7 years for 

PFHxS and 2-3 years for PFOA (Li et al., 2018). Following the discoveries of the detrimental effects 

of PFAS, the Swedish inspection of chemicals advised to destroy all fire extinguisher foams 

containing PFAS with a couple of exceptions (Kemikalieinspektionen, 2016).   

 

Although it is clear that individuals who were exposed to increased levels of PFAS had elevated 

concentrations of PFOA, PFAS and PFHxS in their blood, the ratio between the extractable organic 

fluorine (EOF) and the 11 target PFAS was never determined. EOF refers to the total amount of 

organic fluorine present in a sample using the current method of extraction.  

 

Current investigation measured PFAS and EOF levels in subjects exposed to high levels of PFAS as 

well as in subjects with no known source of elevated exposure from Stockholm, Örebro and Malmö 

with the aim to understand the PFAS contamination and human exposure to unidentified PFAS. This 

investigation has the following tasks: 1) compare the composition of 11 PFAS in highly exposed 

subjects with the population without known exposure sources (hereafter refers as background); 2) 

compare levels of EOF in highly exposed subjects with the background); and 3) conduct a mass 
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balance analysis of fluorine and compare between the exposed subjects and the background. Since it’s 

been affirmed in a previous study (Poothong et al, 2017) that some PFAS can be found in whole 

blood, whole blood was chosen for analysis, rather than plasma or serum, in order to get a more 

representative measure of all the PFAS to assess human exposure.  

Materials and method 

Chemicals  

Target analytes and mass labelled standards of  11 PFASs including potassium salts of 

perfluorobutanesulfonate (PFBS), and sodium salts of perfluorohexanesulfonate (PFHxS), 

perfluorooctanesulfonate (PFOS), 6:2 fluorotelomersulfonate (6:2 FTS), perfluorobutanoate (PFBA), 

perfluoropentanoate (PFPeA), perfluorohexanoate (PFHxA), perfluoroheptanoate (PFHpA), 

perfluorooctanoate (PFOA), perfluorononanoate (PFNA) and perfluorodecanoate (PFDA) with a 

purity over 98 % were purchased from Wellington Laboratories (Guelph, Ontario, Canada).  

 

Sterilized 15 mL and 50 mL polypropylene tubes were purchased from Techno Plastic Products AG. 

Polypropylene plastic syringes 1 mL (Norm-Ject) were purchased from VWR. Syringe filters (13 mm, 

0.2 µm), LC vials and CIC polypropylene vials were purchased from Waters Corporation. Mass 

labelled standards were purchased from Wellington laboratories. Tetra-buthyl ammonium bisulfate 

salt, ammonium acetate methyl tert butyl ether, sodium bicarbonate/sodium carbonate solution (64 

mM and 20 mM respectively) and certified reference material NIST Sera 1957 were purchased from 

Sigma-Aldrich. Sulfuric acid (95-97%) was purchased from Sharlab. Acetonitrile, LC/MS optimal 2-

propanol and HPLC and LC-MS grade methanol were purchased from Fisher Scientific (Fisher 

chemicals). Milli-Q water (18.2 MΩ) was produced in the university MilliPore system.  

Sample collection 

In this study, blood samples were from Stockholm (n=4), Malmö (n=4), and Örebro (n=4). The blood 

samples were collected from individuals who went for blood donation in blood centres in Sweden. 

Written consensus was obtained from donors for the participation in the project. In brief, 3-5mL of 

whole blood samples were collected using a heparin vacutainer. Blood samples were stored at 4 ℃ in 

blood centres and -20 ℃ in the lab until analysis. Blood samples of highly exposed individuals (n=4) 

were provided by the University of Gothenburg; details of the sampling procedure are reported 

elsewhere (Li, et al, 2017). Current investigation has been approved by the Ethics Committee in 

Uppsala and Ethics Committee at Lund University.  

Sample preparation  

Mass labelled internal standard (IS) consisting of 13C isotopes (10 µl 0.2 ng/µl) were added to samples 

to be analyzed using ultra performance liquid chromatography tandem mass spectrometry (UPLC-

MS/MS) for target analysis  (A fraction). For the CIC analysis (B fraction), no IS standards were 

added. 1.2 mL and 3 mL of blood were used for the A and B fraction respectively when analysing the 

samples from Stockholm, Örebro and Malmö. Analysis of blood from the highly exposed subjects 

used 0.1 mL of blood for each fraction. Compounds were extracted using ion pair extraction as 

previously described (Hansen et al., 2001). In brief, 2 mL of  tetra-buthyl ammonium (TBA) were 

added to samples together with 5 mL of methyl tert butyl ether (MTBE). After shaking for 15 min and 

centrifuging for 10 min at 8000 x g to separate the organic phase from the aqueous phase, the 
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supernatant was collected in a new tube. Another cycle of MTBE (3 mL) was added to the original 

tube and the process was repeated twice. The collected supernatants were evaporated down to 1 mL 

using a RapidVap from Labconco (parameters in Appendix). After reconstitution in 1 mL of MeOH, 

the samples were evaporated down to 0.2 and 0.5 mL for the A and B fraction respectively and 

transferred to LC vials. Mass labelled recovery standard (RS) was added to fraction A. Aqueous phase 

containing 2 mM ammonium acetate was added to an aliquot of each A fraction sample extract 

whereupon the samples were filtered with 0.2 µl nylon filters and polypropylene syringes prior to 

analysis. Batch standards were prepared for every batch using methanol, IS, RS and native 

compounds (Cs). As for fraction B, after evaporation, the volume was adjusted to 0.5 mL for EOF 

analysis. All samples were extracted and analysed in singlets.  

Instrumental analysis  

Concentrations of the target PFAS were determined using ultra performance liquid chromatography 

tandem mass spectrometry (UPLC-MS/MS). Separation was performed with an Acquity ultra 

performance liquid chromatograph (UPLC) and detection with a XEVO TQ-S triple quadrupole mass 

spectrometer operating in negative electrospray ionization mode (Waters corporation). All standards 

and samples were injected in volumes of 10 µl. Stationary phase was a 100 mm C18 BEH column, 2.1 

mm internal diameter and 1.7 µm particle size. Mobile phase flow rate was set to 0.3 mL/min using a 

gradient of two mobile phases; 2 mM ammonium acetate in methanol (B), and 2 mM ammonium 

acetate in 30:70 methanol:Milli-Q water (A). Target compounds were quantified based on internal 

calibration using corresponding mass labelled ISs. The calibration range for all compounds except 

PFOS isomers were from 0.01 ng/mL to 60 ng/mL.  

 

Extractable organic fluorine (EOF) was measured using a Metrohm 930 Combustion ion 

chromatograph consisting of a combustion module, a 920 absorbent module and a 930 compact IC 

flex. Mobile phase was a sodium bicarbonate/sodium hydrogen carbonate solution in isocratic mode, 

injected sample volume was 100 µl. Separation was performed using an ion exchange column. PFOS 

batch standards were prepared by mixing 50 µl of a 1000 ppb PFOS stock solution with 450 µl Milli-

Q water. The quantification of fluorine in IC was based on an external calibration curve with the 

following concentrations: 50, 100, 250, 500 and 1000 ng F/mL. 

QA/QC  

Syringes, plastic tubes and other material were rinsed at least two times with HPLC-grade methanol to 

get rid of any contamination. Procedure blanks (n = 2) using Milli-Q water as matrix were analyzed in 

each batch of extraction. The recoveries of the samples would normally be calculated between the 

peak areas of the IS with those of the RS. However, due to issues of spiking of the RS in the samples, 

the recoveries of the current study were calculated as follows: Instead of calculating individual 

samples using the mass labelled IS and RS, an average of recoveries were calculated with the spiked 

samples containing native compounds (n = 6) using whole blood as the matrix. Accuracy of the 

method was determined with quality control samples (n = 2) in each batch; the quality control sample 

used was the NIST SRM 1957 - Organic contaminants in non-fortified human serum.  

 

The four samples of the exposed individuals from Ronneby were compared with the concentrations 

reported in a previous study (Li et al., 2017) as an additional control. It’s been reported that the 

concentrations for some common PFAS (PFBS, PFHS, PFOS and PFOA) were shown to correlate 

between whole blood and serum/plasma in a ratio of two (e.g., the concentrations in serum/plasma 
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were found to be two times higher than those in whole blood). The reason is that the PFASs observed 

are more bound to proteins (Ehresman et al., 2007).  

LOQ/MDL 

Instrumental limit of quantification (LOQ) was defined as the lowest point of the calibration curve 

which gave a ratio of signal to noise greater than 10; the lowest point of calibration ranged from 8 to 

105 pg/mL. Method detection limit (MDL) for the samples was calculated by averaging the mean of 

blank concentrations plus three times the standard deviation for the blanks of each batch with the 

consideration of concentration factor. When no detectable blanks were observed, the MDL were 

defined as the lowest point of the calibration curve with the consideration of concentration factor 

(Table 3).   

 

For CIC analysis, several combustion blanks were performed to lower and stabilize the blank levels of 

the instrument. LOQ for both batches of CIC analyzes was defined as average of the procedure blanks 

plus three times the standard deviation.  

Mass balance analysis  

To conduct mass balance analysis of fluorine in the samples and comparison of the proportion of 11 

PFAS in the EOF, the measured concentrations of 11 PFAS were converted to fluorine concentrations 

using the following equation:  

𝐶𝐹 =  𝑛𝐹 𝑥
𝑀𝑊𝐹

𝑊𝑃𝐹𝐴𝑆
𝑥 𝐶𝑃𝐹𝐴𝑆 

 

where CF = fluorine concentration, nF = number of fluorine in PFAS, MWF = molecular weight of 

PFAS and CPFAS = measured PFAS concentration.  

 

Results and discussion  

Quality Control 

Calibration curves for quantification of 11 PFAS all had an ‘’R2’’ value of 0.99 or higher. Values of 

blanks for all analyzed compounds were below 0.05 ng/mL. 

 

Determined values in the quality control (QC) samples were in line with the certified and reported 

values for all compounds except for PFOA of which the determined average value was slightly below 

the certified value (Table 2). The low value of PFOA is due to the fact that only linear PFOA was 

quantified in this study while both linear and branched PFOA isomers were reported in the certified 

values.   

 

Table 2. Average of QC values  and certified values and using NIST 1957 certified reference material [ng/g]. 

 

PFHpA PFHxS PFOA  PFNA PFOS PFDA  

n 2 2 2 2 2 2

QC mean values 0.31 ± 0.03 3.68 ± 0.43 4.43 ± 0.11 0.81 ± 0.05 20.6 ± 0.89 0.27 ± 0.01

Certified values 0.31 ± 0.05 4 ± 0.83 5 ± 0.44 0.88 ± 0.08 21.1 ± 1.3 0.39 ± 0.12
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PFOA concentrations in the samples from Ronneby were comparable with the values reported in the 

previous study (present vs previous study: 34 vs 33, 17 vs 18, 14 vs 14 and 11 vs 12 ng/mL, 

respectively for each of the four samples), which further confirmed the reliability of the results. As for 

PFHxS, the factor of two has not been proven to be applicable; evaluation of PFHxS was not 

included. Higher concentrations of PFOS were detected in the present study which might be explained 

by the fact that both branched and linear PFOS were analyzed, while only the linear PFOS were 

analyzed in the previous study. 

 

LOD for CIC were 16 ng F/mL and 22 ng F/mL respectively for batches 1 and 2. 

The 11 PFAS  

In current investigation, a total of 16 blood samples were analyzed. The 11 PFAS measured belong to 

three different classes: PFSAs – PFBS, PFHxS, PFOS, PFCAs - PFBA, PFPeA, PFHxA, PFHpA, 

PFOA, PFNA and PFDA and PFCA precursors – 6:2 FTSA. The composition of these compound 

groups is shown in Figure 1. PFSA made up the largest proportion of  the groups in all samples 

(Stockholm: 78%, Örebro: 76%, Malmö: 84%, and Ronneby: 97 %). PFCA made up the second 

largest proportion of the groups (Stockholm: 22 %, Örebro 23 %, Malmö 16 % and Ronneby: 3 %). 

PFCA precursor (6:2 FTSA) was detected in 75 % of the samples from Örebro and Ronneby but was 

not detected at all in samples from Stockholm and Malmö.   

 

Concentration ranges of 11 PFAS together with mean values and standard deviations can be found in 

Appendix Table 5. PFHxS, PFOS, PFOA, PFNA and PFDA were detected in 100 % of samples. 

PFBA together with PFBS were detected in above their respective LOQs in 81 % of samples, 

followed by 6:2 FTSA (above LOQ in 44 % of samples), PFPeA (above LOQ in 37 % of samples) 

and PFHxA, which had the lowest detection frequency (detected above LOQ in 19 % of samples). 

PFOS made up the largest proportion (51-82 %) of the 11 PFAS in all samples, followed by PFHxS 

(3-44 % of total) and PFOA (2-23 % of total).   

  

For Ronneby samples, PFHxS made up the second largest fraction (39 %) of the target PFAS, while 

PFOA was, on average, the second most abundant PFAS in the samples from Stockholm (12%) and 

Örebro (11%). Malmö had similar contribution of both PFOA and PFHxS to total PFAS (11 and 12 

%). 
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Figure 1. Composition of different groups in total concentration of 11 PFAS.  

 

When comparing the 4 commonly studied PFAS (PFHxS, PFOS, PFOA and PFNA) among 

Stockholm, Örebro, and Malmö, it appeared that Malmö showed elevated levels of PFAS (Figure 2). 

However no significant difference was found (ANOVA, p>0.05). More samples would have to be 

analyzed to be able to say with greater certainty if there is a difference or not between the cities. 

 

 
Figure 2. Average concentrations of 4 common PFAS in Swedish cities; a) PFOA (ANOVA, p=0.095), b) 

PFNA (ANOVA, p=0.16), c) PFHxS (ANOVA, p=0.62), d) PFOS (ANOVA, p=0.088); Stockholm (n = 4), 

Örebro (n = 4) and Malmö (n = 4). Error bars represent the standard deviation. 
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Other studies have reported the concentrations of PFOS, PFHxS, PFNA and PFOA in blood and 

serum (Cho et al., 2015; Olsen, et al., 2017). The average concentrations of 4 PFASs in serum 

samples from USA were slightly above the concentrations determined for Stockholm, Örebro and 

Malmö in this study, and in between the results from the study in Korea (Tables 5 and 6). 

 

Table 5. Average concentrations of 4 PFAS in whole blood samples from Sweden [ng/g].  

 

 

Table 6. Average concentrations of 4 PFAS in whole blood samples from Korea [ng/mL].   

 
 

Table 7. Average concentrations of 4 PFAS in serum samples from the USA [ng/mL]. Serum concentrations 

have been converted to whole blood basis by dividing with a factor of two. 

 

 

Age was shown to be a contributing factor to the different levels of 4 PFAS on the study conducted in 

Korea, which revealed lower levels of PFAS for the younger age group (Table 6). In the current 

study, subjects from Örebro aged between 37-47 years old; whereas subjects from Malmö and 

Stockholm aged between 68-79 years old. Based on the results, Örebro appeared to have the lowest 

concentrations of 4 investigated PFASs out of the three cities, which might be explained by the 

difference in age as demonstrated by the previous study. However, since limited number of samples 

were analyzed, and the results were also confounded with different geographical locations (different 

sources of contamination in different cities), further investigation is needed to clarify this point with 

more samples and different age groups from the same city. 

 

The profile of the 11 PFAS determined in the current investigation are shown in Figure 6. The 

composition profiles of Stockholm, Örebro and Malmö seem to match each other. One noticeable 

compound is 6:2 FTSA, which, as earlier mentioned, was detected in Örebro, but not in Stockholm 

and Malmö. As the current study only included four samples from each city it is hard to say if high 

6:2 FTSA levels is a trend in Örebro or not. A contributing factor might be that the subjects from 

Örebro belonged to a younger group than Stockholm and Malmö and would thus be targets to 

different sources of exposure, but the difference may also be explained by the geographical location 

and lifestyle of the subjects, e.g., smoking, eating habits. A reason for higher detected levels of 6:2 

FTSA might be the replacement of PFOS to 6:2 FTSA in the new generation of fire extinguishing 

foams (Kemikalieinspektionen 2013). 6:2 FTSA is not as persistent as PFOS and can be broken down 

to PFPeA and PFHxA. PFHxA was found only in samples from Örebro. Buck et al. (2011) explained 

City n PFOA PFNA PFHxS PFOS

Stockholm 4 0.627 0.276 0.42 3.77

Örebro 4 0.395 0.241 0.388 2.26

Malmö 4 0.714 0.452 0.663 6.82

Present study

Age n PFOA PFNA PFHxS PFOS

60-69 28 2.76 1.49 1.14 6.93

30-39 68 1.04 0.76 0.41 3.14

 Rae Cho et al. 2015

Year n PFOA PFNA PFHxS PFOS

2015 616 1.19 0.47 0.87 4.87

Olsen et al 2017 



School of Science and Technology        Örebro University  

 

9 
 

in their report the special interest in long-chain PFAS considering that these have proven to be more 

bioaccumulative compared to the short-chain PFAS. With “long-chain’’ they refer to perfluoroalkyl 

sulfonic acids with 6 or more carbons and perfluoroalkyl carboxylic acids with 7 or more carbons. 

Shorter chains are not as bioaccumulative as the long chains are and the body will be able to eliminate 

them faster, which explains why such low levels of PFHxA were found in the samples even though it 

was present in elevated levels in the contaminated drinking water of Ronneby. Therefore, this 

compound is not a good indicator of 6:2 FTSA exposure as it might have been present in samples 

from the other cities but transformed before it would be detected. More samples would allow a better 

conclusion about the concentrations of 6:2 FTSA in different cities and the causes for the potential 

difference. 

 

Figure 3. Profiles of target PFAS in Swedish blood samples. PFCA precursors are included in the PFCA 

category.  

 

The most noticeable similarity among the four cities was the abundant levels of PFOS, which made up 

the largest fraction of 11 PFAS in all samples, while clear differences were noted in the next most 

abundant PFAS between Ronneby (exposed subjects) and the other three cities (background); for the 

subjects from Ronneby, the second most abundant identifiable PFAS was PFHxS (39 % of 11 PFAS 

in average), while PFOA was the second most abundant of the 11 PFAS in Stockholm and Malmö (12 

% and 11 % respectively). Örebro had similar percentages of PFHxS and PFOA (12 % and 11 %) 

which proves once again a slight deviation from Stockholm and Malmö, but the percentage was not as 

high as for the Ronneby samples. Individuals from Ronneby have been exposed to PFAS for some 

years, and thus resulted in much higher levels of PFOS, PFHxS and PFOA.  

 

In the 15/13 report the Swedish chemicals agency (Kemikalieinspektionen 2013) showed declining 

trends in the concentrations of PFOS and PFOA among the Swedish population. However, PFHxS 

levels were elevated in two areas (Botkyrka and Uppsala) where the drinking water was shown to be 

contaminated with firefighting foam (aqueous film forming foam, AFFF); the water was contaminated 

with PFOS, PFHxS, PFOA and PFHxA. Seeing as PFHxS was detected in highest percentage in the 

samples from the exposed subjects, high PFHxS levels might function as an indicator of exposure. 
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Nonetheless, analysis of 11 PFAS to investigate exposure of organic fluorine would not be 

representative as many other fluorinated compounds were not measured in blood samples. The 11 

PFAS profile could perhaps estimate the sources of exposure e.g. drinking water contaminated with 

AFFF.  

EOF & mass balance analysis 

Average EOF concentrations were found to be 12.4, 9.78, 11.5 and 277 ng F/g for Stockholm (n=4), 

Örebro (n=4), Malmö (n=4) and Ronneby (n=4), respectively. The contribution of 11 PFAS in total 

EOF was in average 2.73, 1.94, 4.58 and 185 ng F/g, while the average unidentified EOF were found 

to be 9.64, 7.86, 6.9 and 92.3 ng F/g for Stockholm, Örebro, Malmö and Ronneby respectively. This 

corresponds to proportions of unidentified fluorinated compounds of between 70 to 89 % in 

Stockholm, 66 to 89 % in Örebro, 47 to 87 % in Malmö and 11 to 42 % in Ronneby (Figure 4).  

 

Figure 4. Composition of extractable organic fluorine in Swedish blood samples.  

 

Fluorinated compounds have been found from various sources including dust, food and consumers 

products (Sunderland et al., 2019) and so all of these are potential sources of exposure. Greater 

proportion of the unidentified fluorine in the background cities (Stockholm, Örebro and Malmö) 

might be related to the individuals living in these cities were being exposed to unidentified PFAS 

from diverse sources; whereas the contribution of PFAS contamination in Ronneby was mainly from 

fire-fighting foam. Further studies with more subjects and a larger number of identifiable PFAS would 

be needed to get a better understanding of the sources of contamination. 

 

As significant amount of unidentified organofluorine have been reported (Yeung and Mabury, 2016), 

it has become evident that humans are being exposed to new PFAS other than the ones commonly 
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investigated. A large quantity of fluorinated compounds has not been thoroughly investigated, and 

over 4000 PFAS exist today. New compounds that are used to replace PFOS and PFOA have proven 

to also have detrimental effects – GenX, a PFOA-substitute, has been produced since 2010, and recent 

studies suggest it  might have an even more toxic effect than PFOA (Sunderland et al., 2019). This 

means that, even though it still is relevant to quantify the target PFAS, mass balance analysis is 

important to evaluate the level of EOF and to assess to what extent humans are being exposed to new 

PFAS. It is also interesting to measure and identify precursors as these are transformed into terminal 

PFAS in the body.   

PFAS-EOF correlations 

 

 

 
Figure 5. Correlations between PFOA and EOF in different cities.  

 

The correlations of EOF and PFOS, PFOA, PFHxS and PFNA were analysed. Scatter plots of PFOA 

(Figure 5.a) and PFOS (Appendix Figure 6) for all samples suggest that an increasing concentrations 

of PFASs would be correlated with an increasing concentration of EOF, especially for PFOA, which 

had the highest R2 value of 0.9951. No correlation between either PFHxS or PFNA and EOF was 

observed (Appendix Figures 7 & 8). However, the correlation changed when the samples from 

Ronneby were removed from the plots. Spearman correlation analyses showed significant correlations 

between EOF and PFOS when preforming the analysis with all the samples (p < 0.05), but no 

5.a) Scatter plot between EOF and PFOA with all samples 
5.b) Scatter plot between EOF and PFOA with samples 

from Stockholm, Örebro and Malmö 

5.c) Scatter plot between EOF and PFOA with samples 

from Stockholm 

5.d) Scatter plot between EOF and PFOA with samples 

from Örebro 

5.e) Scatter plot between EOF and PFOA with samples 

from Malmö 

5.f) Scatter plot between EOF and PFOA with samples 

from Ronneby 
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significant correlation was observed when the data from Ronneby were removed (p = 0.22). Same 

observation was noted with PFOA, where the correlation between EOF and PFAS was found to be 

significant only for the samples together with those from Ronneby (all samples: p < 0.05, without 

Ronneby samples: p = 0.14). Spearman correlation matrices can be found in Appendix (Table 9). It is 

reasonable to observe correlations between either PFOS or PFOA and EOF together with the samples 

from Ronneby, because these chemicals contributed approximately 70% to the EOF in the samples; 

whereas for other samples, measurable PFAS only accounted for 26% of the EOF. It is difficult to 

conclude if the use of measurable PFAS in current investigation is a good predictor of EOF. More 

number of analytes should be included to assess if PFAS would be a useful predictor of EOF in future 

studies. 

 

Conclusions 

Subjects in current investigation have been exposed to the 11 targeted compounds, including the 

shorter chain PFAS.  

 

No significant difference in concentrations of the 4 commonly investigated PFAS were found between 

the cities Stockholm, Örebro and Malmö. This study revealed that the composition of target PFAS 

was similar between Stockholm, Örebro and Malmö and that Ronneby differed from the group, 

suggesting that the composition of 11 PFAS could be a way to indicate source of exposure.  

 

EOF and PFAS correlations could be observed for Ronneby samples, but not for Stockholm, Malmö 

nor Örebro.  

 

All cities showed measurable concentrations of unidentified PFAS, which suggest that the Swedish 

population has been exposed to unidentifiable PFAS.  
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Appendix  

 

Table 1. RapidVap instrument evaporation settings for two solvents.  

Solvent Temperature [℃] Pressure [mbar] Agitation [%] 

MTBE 45 250 0 

Methanol 60 250 0 

 

Table 3. Method detection limit (MDL) for each compound and batch [ng/g] 

 

 

Table 4. Average recoveries of 11 PFAS [%]. 

  

Compound Batch 1 Batch 2 Ronneby

PFBA 0.008 0.01 0.12

PFBS 0.004 0.004 0.048

PFPeA 0.001 0.001 0.012

PFHxA 0.002 0.001 0.015

PFHpA 0.002 0.001 0.014

PFHxS 0.001 0.001 0.011

PFOA 0.005 0.003 0.037

L-PFOS 0.009 0.004 0.049

PFNA 0.002 0.008 0.005

PFDA 0.007 0.002 0.024

6:2 FTSA 0.011 0.006 0.078

Average SD

PFBA 43 0.034

PFBS 128 0.104

PFPeA 61 0.039

PFHxA 71 0.036

PFHxS 94 0.072

PFHpA 91 0.090

PFOA 80 0.069

PFOS 81 0.155

PFNA 76 0.097

PFDA 69 0.123

Recovery (spiked test) n=6
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Table 5. Concentration ranges, mean values and standard deviation of 11 PFAS in different cities [ng/g] 

 
 

Table 5. Continued 

 
 

  

Compound

Range Mean SD Range Mean  SD

PFBA 0.008-0.153 0.101 0.06 0.008-0.064 0.028 0.029

PFBS 0.034-0.066 0.043 0.013 0.004-0.024 0.019 0.011

PFPeA 0.001-0.015 0.004 0.006 - - -

PFHxA - - - 0.002 - 0.014 0.008 0.008

PFHpA 0.027-0.099 0.058 0.029 0.009-0.074 0.03 0.026

PFHxS 0.331-0.463 0.419 0.053 0.211 - 0.523 0.388 0.127

PFOA 0.413-0.854 0.627 0.169 0.227-0.654 0.395 0.167

PFOS 0.951-2.140 3.77 1.175 0.907-3.069 2.26 1.366

PFNA 0.142-0.382 0.276 0.097 0.139-0.366 0.241 0.087

PFDA 0.230-0.270 0.206 0.059 0.099-0.191 0.138 0.036

6:2 FTSA - - - 0.01-0.075 0.051 0.03

Stockholm Örebro 

n = 4 n = 4

Compound

Range  Mean SD Range   Mean  SD

PFBA 0.065-0.124 0.088 0.023 0.282-0.416 0.339 0.056

PFBS 0.004-0.029 0.02 0.022 0.212-0.335 0.253 0.057

PFPeA 0.001 - 0.017 0.004 0.007 0.067-0.081 0.073 0.006

PFHxA - - - 0.015 - 0.147 0.037 0.074

PFHpA 0.001 - 0.058 0.019 0.024 0.011-3.10 0.937 1.45

PFHxS 0.193-1.719 0.663 0.614 75.2-204 141 70.5

PFOA 0.515-0.903 0.714 0.151 5.86-16.4 9.62 4.71

PFOS 0.810-6.510 6.82 3.448 114-282 196 77.4

PFNA 0.243-0.706 0.452 0.184 0.333-0.587 0.453 0.122

PFDA 0.165-0.350 0.261 0.077 0.281-0.428 0.327 0.069

6:2 FTSA - - - 0.064-0.147 0.108 0.034

n = 4n = 4

Malmö Ronneby
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Table 6. Concentration of extractable organic fluorine in Swedish blood samples [ng F/g]  

 

 

Table 8. Sample register 

 
 

 

 
Figure 6. Correlation between PFOS and EOF in different cities.  

 

 

n

Total F 11 PFAS Total F 11 PFAS Total F 11 PFAS Total F 11 PFAS

11.4 2.79 9.55 3.23 14.1 7.48 449 268

13.8 1.47 11.9 1.69 10.5 5.24 268 238

13.7 3.44 8.86 1.85 10.2 1.34 222 128

10.7 3.22 8.85 0.991 11.1 4.28 169 104

Mean 12.4 2.73 9.78 1.94 11.5 4.58 277 185

SD 1.37 0.763 1.23 0.811 1.56 2.21 106 69.9

Stockholm Örebro Malmö Ronneby 

City n Age (mean) Gender

Stockholm 4 74.25 2 M, 2 F

Malmö 4 76.75 2 M, 2 F

Örebro 4 41.25 2 M, 2 F

Ronneby 4 42 2 M, 2 F

Sample register

6.c) b) Scatter plot between EOF and PFOS with samples from 

Ronneby  

6.a) b) Scatter plot between EOF and PFOS with all 

samples 

6.b) b) Scatter plot between EOF and PFOS with samples 

from Stockholm, Örebro and Malmö 
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Figure 7. Correlation between PFHxS and EOF in different cities.  

 

 
Figure 8. Correlation between PFNA and EOF in different cities.  

 

  

7.a)  Scatter plot between EOF and PFHxS with all 

samples 

7.b) Scatter plot between EOF and PFHxS with samples 

from Stockholm, Örebro and Malmö 

7.c) Scatter plot between EOF and PFHxS with samples 

from Ronneby 

8.b) Scatter plot between EOF and PFNA with samples 

from Stockholm, Örebro and Malmö 8.a) Scatter plot between EOF and PFNA with all samples 

8.c) Scatter plot between EOF and PFNA with samples 

from Ronneby 
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Table 9. Spearman correlations between PFAS and EOF for all samples (a) and minus Ronneby samples (b). 

Italicized values indicate significant correlations between PFAS and EOF (p < 0).  

 
 

 
 

 

 

9.a) Spearman correlations for all samples

PFOS PFOA PFHxS PFNA EOF

PFOS 1.000

PFOA 0.879 1.000

PFHxS 0.829 0.732 1.000

PFNA 0.782 0.7 0.635 1.000

EOF 0.738 0.741 0.788 0.471 1.000

9.b) Spearman correlations without Ronneby samples 

PFOS PFOA PFHxS PFNA EOF

PFOS 1.000

PFOA 0.713 1.000

PFHxS 0.594 0.364 1.000

PFNA 0.846 0.713 0.545 1.000

EOF 0.378 0.385 0.497 0.210 1.000


