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Sammanfattning 
Sedan 1996 har Livsmedelsverket regelbundet samlat in blodprover från förstföderskor i Uppsala för analys av 

persistenta halogenerade organiska miljöföroreningar (POP). Poly- och perfluorerade alkylsyror (PFAS) är en sådan 

substansgrupp. I följande rapport redovisas halter av PFAS i urin från förstföderskor, provtagna 2009-2011. Totalt 

analyserades urinprov från 40 kvinnor där hälften av kvinnorna i tidigare studier haft detekterbara halter av 

Perfluorbutansulfonsyra (PFBS) i serum och hälften hade halter under detektionsgränsen. PFAS har förekommit i 

dricksvattnet i Uppsala, detta upptäcktes 2012 och sedan dess har åtgärder vidtagits för att rena dricksvattnet. 

Eftersom PFBS har en relativt kort halveringstid (ca 26 dagar) visar förekomst av denna homolog i serum att 

drickvattenexponeringen var pågående när serum- och urinproven togs. Syftet med projektet var att 1) undersöka 

urin som matris för analys av ultra-kortkedjiga PFAS jämfört med analys i serum, 2) bedöma bidraget av ultra-

kortkedjiga PFAS till extraherbart organiskt fluor (EOF) och totala fluornivåer i urin och 3) att jämföra nivåerna mellan 

kvinnor som har druckit PFAS-förorenat dricksvatten och kvinnor som inte har det. Resultaten visade att de flesta av 

de PFAS som analyserades i denna studie låg under detektions-/kvantifieringsgränserna. Slutsatsen är därmed att 

urin sannolikt inte är en effektiv matris för biomonitorering av ultra-kortkedjiga PFAS, åtminstone inte med de 

volymer som använts i denna studie (~2mL). EOF-analysen visade på detekterbara nivåer i 35 % av urinproverna, 

vilket tyder på att vissa individer kan exponeras för andra, okända PFAS. Exponering för PFAS-kontaminerat 

dricksvatten resulterade inte i förhöjda halter av PFAS eller EOF i urin från förstföderskor i Uppsala. 
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Levels of ultra-short chain perfluoroalkyl substances (PFAS) in 

urine samples from first-time mothers in Uppsala, Sweden 

 

Background 
 

With funding from the Swedish Environmental Protection Agency (EPA), the Swedish Food 

Agency (NFA) has recruited first-time mothers in Uppsala since 1996 with the aim to 

estimate the body burdens of persistent organic pollutants (POPs) among pregnant and 

nursing women and to estimate temporal trends of the exposure of fetuses and infants. The 

study, known as POPUP (Persistent Organic Pollutants in Uppsala Primiparas), has analysed 

poly- and perfluoroalkyl substances (PFAS) in serum samples from the mothers from 1996 

onwards. Since 2009, urine samples were also collected from the women in POPUP three 

weeks after delivery.   

 

PFAS represent a class of over 9 000 substances, defined as having at least one 

perfluorocarbon moiety (i.e. -CF2- or -CF3; with some exceptions noted) (US EPA 2021). 

PFAS are of anthropogenic origin; with uses covering a wide range of consumer products 

(food packaging, textiles, etc.) and industrial processes (e.g. chrome plating, fluoropolymer 

manufacturing) (Glüge et al. 2020). Over the last two decades, the discovery of PFAS in the 

global environment and links to possible adverse health effects has led to increasing concerns 

surrounding ongoing production of these chemicals. 

 

Environmental monitoring of PFAS generally focuses on a limited number of PFAS (De Silva 

et al. 2021), mostly consisting of longer-chain length (i.e. >6 fluorinated carbon) 

perfluoroalkyl carboxylates and sulfonates (PFCAs and PFSAs, respectively). Recently, there 

has been increasing concern and interest surrounding the occurrence of so-called ''ultra-short-

chain" PFAS, such as perfluorobutane sulfonate (PFBS), many of which were introduced 

following the phase-out of legacy (long chain) PFAS. One ultra-short chain PFAS, 

trifluoroacetic acid (TFA) is a breakdown product of >l million chemicals, including 

pharmaceuticals, pesticides, and polymers (Solomon et al. 2016). Ultra-short-chain 

perfluoroalkyl acids (PFAAs) are considered less hazardous than long chain PFAAs because 

the former do not bioaccumulate. Nevertheless, these substances are equally as persistent as 

long chain PFAAs and display even greater mobility (Cousins et al. 2020). Moreover, ultra-

short chain PFAAs can occur at much higher concentrations than long chain PFAAs with 
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hundreds of ng/L to tens of µg/L levels reported in snow, rain and surface water (Björnsdotter 

et al. 2021, Freeling et al. 2020, Xie et al. 2020, Yeung et al. 2017). Deposition of TFA from 

rainwater in Germany alone was estimated to be 68 tonnes for 2018-2019 (Freeling et al. 

2020). Moreover, temporal analysis of Arctic ice cores (Pickard et al. 2020), surface waters 

from China (Zhai et al. 2015), and tree leaves from Germany (Freeling et al. 2022) have 

shown that TFA levels are rapidly increasing. A recent critical review found that, contrary to 

claims by industry (EFCTC, 2020), all TFA is of anthropogenic origin (Joudan et al. 2021). 

The high concentrations and rapidly increasing temporal trends of TFA have led to concerns 

about elevated exposure to this substance, regardless of its seemingly low hazard profile. 

Notably, in 2021, the German Environment Agency (Umweltbundesamt - UBA) defined a 

health guidance value of 60 µg/L in drinking water. 

 

Given the elevated concentration of ultra-short chain PFASs in the environment, there is 

a need to assess exposure to these substances for humans. While short chain PFAS including 

TFA have been found in high levels in human blood from China (Duan et al. 2020), urine is 

thought to be a more appropriate means of assessing exposure to ultra-short chain PFAS, due 

to their rapid elimination via urine.  

 

Humans are exposed to PFAS mainly via food and drinking water due to environmental 

contamination, but also via dust, air, and the use of products containing PFAS and related 

compounds (Vestergren et al. 2012; Poothong et al. 2020). In Uppsala, drinking water has 

been contaminated with PFAS since at least 1996, most probably due to contamination from 

point sources (fire-fighting training areas) resulting in elevated PFAS serum levels in mothers 

and children in the POPUP study (Gyllenhammar et al. 2015, Gyllenhammar et al. 2019).  

 

In the present study, we assess exposure to short- and ultra-short chain PFAS in urine from 

first-time mothers in the POPUP-study, using a combination of fluorine mass balance and 

targeted methods. The work focuses on urine for 20 individuals with known serum levels of 

PFBS, and possibly other ultra-short chain PFAS. The objectives of the work are to 1) assess 

the efficacy of urine as a biomonitoring matrix for ultra-short chain PFAS compared to serum; 

2) assess the contribution of ultra-short chain PFAS to extractable organic fluorine (EOF) and 

total fluorine levels in urine; and 3) to compare the levels between women that had been 

drinking PFAS contaminated drinking water and women who had not.  
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Material and methods 
 

Recruitment and sampling 

In the POPUP study, first-time mothers from the general population living in Uppsala County 

were recruited since 1996, as described in Glynn et al. (2012). Since 2009, spot urine samples 

were collected three weeks after delivery. Demographic data on age, weight, height, and lifestyle 

and food habits etc. of the mothers were obtained from questionnaires. All urine samples have 

been previously characterized for creatinine and density at Lunds university (Bjermo et al. 2019). 

From previous studies on PFAS in POPUP mothers, a total of 40 participants were selected: 

20 women with elevated serum levels of perfluorobutane sulfonic acid (PFBS), referred to 

herein as “DW exposed”, and 20 women with PFBS levels below LOD, referred to herein as 

“not DW exposed”. Of the women with elevated levels 17 out of 20 lived in areas in Uppsala 

that are known to have had PFAS-contaminated drinking water. Women with PFBS under 

LOD did not live in those areas. Personal characteristics of the participating mothers are 

shown in Table 1. The study was approved by the local ethics committee of Uppsala 

University, and the participating women gave informed consent prior to the inclusion in the 

study.  
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Table 1. Personal characteristics of the participating mothers. 

 DW exposed Not DW exposed 

Variable n Mean Range n Mean Range 

Age (yr) 20 30.4 22.6-34.5 20 28.8 20.8-34.4 

Pre-pregnancy BMI (kg/m2) 20 23.0 19.6-31.9 20 23.6 19.8-32.2 

Weight gain during pregnancy (%)a 20 22.2 -5.9-41.3 20 22.9 7.8-36.0 

Weight reduction from delivery (%)b 20 13.2 6.8-20.9 20 13.2 7.3-22.1 

Density (kg/L) 20 1.016 1.005-1.030 20 1.014 1.002-1.026 

Variable n %  n %  

Education  max 3-4 yr high school  3 15  5 25  

                  1-3 yr higher edu 2 10  5 25  

                   >3 yr higher  15 75  10 50  

Smoking    never 17 85  14 70  

                   former smoker 0 0  3 15  

                   smokerc 3 15  3 15  
aWeight gain during pregnancy as percentage of the initial weight. bWeight reduction from delivery to sampling  cThose that 

stopped smoking during the first trimester were included in the smoker group. 

 

 

 

 

 

Sample extraction 

Samples were extracted with a solid phase extraction (SPE) procedure based on a previously 

published method (Kärrman et al. 2021), but which was modified to retain TFA while 

removing fluoride. Briefly, weak anion exchange (WAX) SPE cartridges (150 mg, 6 cc, 

Waters) were conditioned with 4 mL of 0.3% ammonium hydroxide in methanol, followed by 

4 mL of 0.1 M formic acid in Milli-Q water. Then the samples were loaded and the cartridges 

were washed with 10 mL methanol/0.1 M formic acid in Milli-Q water (20/80) followed by 5 

mL of 0.01 % ammonium hydroxide in Milli-Q water. Afterwards the cartridges were dried 

under vacuum for 30 min and eluted with 4 mL of 0.3 % ammonium hydroxide in methanol. 

This 4 mL eluate was evaporated to near dryness and reconstituted with 250 µL 

methanol/Milli-Q water (1/1). The resulting 250 µL extract was split into a 200 µL fraction 

for EOF analysis via CIC and a 50 µL fraction for targeted PFAS analysis via LC-MS. The 50 

µL fraction for targeted PFAS analysis was spiked with 10 µL internal standard mixture (20 

pg/µL), see Table 2.   
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Targeted PFAS analyses 

Targeted PFAS were analyzed using an ultra-high performance liquid chromatograph 

(UHPLC) coupled to a high resolution mass spectrometer (HRMS). The UHPLC was a 

Dionex UltiMate 3000 (Thermo Scientific) equipped with an Acclaim Trinity P1 analytical 

column (2.1 x 100 mm, 3 μm) and a precolumn (2.1 x 10 mm, 3 μm), both from Thermo 

Scientific. The column was maintained at 40 °C throughout the run. Injection volume was 10 

μL. The gradient was run with mobile phase A (20 mM ammonium acetate in Milli-Q water) 

and mobile phase B (20 mM ammonium acetate in methanol), starting at 20 % B, followed by 

a linear increase to 95 % B over 10 min, followed by isocratic conditions for 2.5 min, then 

returning to starting conditions (20 % B), where the column was equilibrated for 2 min. The 

flow rate was maintained at 0.3 mL/min throughout the run. 

 

Detection was achieved on a Q Exactive HF hybrid Quadrupole-Orbitrap (Thermo Scientific), 

equipped with a heated electrospray ionization source (HESI). The capillary temperature and 

AUX gas heater were both set to 320 °C, spray voltage at 3.7 kV, sheath gas (nitrogen) at 30 

arbitrary units (au) and AUX gas at 10 au. The instrument was run in negative mode and 

detection was achieved using a full scan (fs, 100 – 600 m/z) coupled with a data dependent 

MS2 (ddMS2) scan using an inclusion list with all targets. Resolution was set to 120.000 and 

15.000 and AGC target was set to 3e6 and 5e5 for fs and ddMS2, respectively. During ddMS2 

the loop count was set to 5, the isolation window to 0.4 m/z and the collision energy to 35.  

Quantification was performed using TraceFinder (Thermo Scientific) using an 8-point 

calibration curve spanning from about 0.1 – 150 pg/µL. A list of target analytes and their 

internal standards can be found in Table 2.    
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Table 2. List of target analytes and internal standards (IS). 

Abbreviation Trivial name Formula 
IS 

abbreviation 
IS trivial name 

TFA trifluoroacetate C2F3O2H M4PFBA Perfluoro-n-[1,2,3,4-

13C4]butanoic acid 

PFPrA perfluoropropanoate C3F5O2H M4PFBA Perfluoro-n-[1,2,3,4-

13C4]butanoic acid 

PFBA perfluorobutanoate C4F7O2H M4PFBA Perfluoro-n-[1,2,3,4-

13C4]butanoic acid 

PFPeA perfluoropentanoate C5F9O2H M5PFPeA Perfluoro-n-[1,2,3,4,5-

13C5]pentanoic acid 

PFHxA perfluorohexanoate C6F11O2H M2PFHxA Perfluoro-n-[1,2-

13C2]hexanoic acid 

PFHpA perfluoroheptanoate C7F13O2H M4PFHpA Perfluoro-n-[1,2,3,4-

13C4]heptanoic acid 

PFOA perfluorooctanoate C8F15O2H M4PFOA Perfluoro-n-[1,2,3,4-

13C4]octanoic acid 

PFNA perfluorononanoate C9F17O2H M5PFNA Perfluoro-n-[1,2,3,4,5-

13C5]nonanoic acid 

TFMS Trifluoromethane sulfonate C1F3SO3H 13C-TFA Trifluoroacetic-1-13C Acid 

PFPrS Perfluoropropane sulfonate C3F7SO3H M3PFBS Sodium perfluoro-1-[2,3,4-

13C3]butanesulfonate 

PFBS Perfluorobutane sulfonate C4F9SO3H M3PFBS Sodium perfluoro-1-[2,3,4-

13C3]butanesulfonate 

PFPeS Perfluoropentane sulfonate C5F11SO3H MPFHxS Sodium perfluoro-1-

hexane[18O2]sulfonate 

PFHxS Perfluorohexane sulfonate C6F13SO3H MPFHxS Sodium perfluoro-1-

hexane[18O2]sulfonate 

PFHpS Perfluoroheptane sulfonate C7F15SO3H M4PFOS Sodium perfluoro-1-[1,2,3,4-

13C4]octanesulfonate 

PFOS Perfluorooctane sulfonate C8F17SO3H M4PFOS Sodium perfluoro-1-[1,2,3,4-

13C4]octanesulfonate 

PFDS Perfluorodecane sulfonate C10F21SO3H M4PFOS Sodium perfluoro-1-[1,2,3,4-

13C4]octanesulfonate 

4:2 FTS 4:2 fluorotelomer sulfonate C6F9SO3H5 M2-6:2FTS Sodium 1H,1H,2H,2H-

perfluoro-1-[1,2-13C2]-octane 

sulfonate (6:2) 

6:2 FTS 6:2 fluorotelomer sulfonate C8F13SO3H5 M2-6:2FTS Sodium 1H,1H,2H,2H-

perfluoro-1-[1,2-13C2]-octane 

sulfonate (6:2) 

8:2 FTS 8:2 fluorotelomer sulfonate C10F17SO3H5 M2-6:2FTS Sodium 1H,1H,2H,2H-

perfluoro-1-[1,2-13C2]-octane 

sulfonate (6:2) 

FOSA Perfluorooctane sulfonamide C8F17NO2SH2 M8FOSA Perfluoro-1-

[13C8]octanesulfonamide 
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TF and EOF analyses 

The total fluorine (TF) and extractable organofluorine (EOF) were analyzed using a 

combustion ion chromatograph (CIC, from Thermo-Mitsubishi). 200 µL of urine (TF) or 200 

µL of sample extract (EOF) were place onto a ceramic boat and combusted in a horizontal 

furnace (HF-210, Mitsubishi) at 1100 °C under a flow of oxygen (400 mL/min) and argon 

(200 mL/min) for approximately 7 minutes. This way all organic fluoride will be transformed 

to fluoride, which is being absorbed in Milli-Q water using a gas absorber unit (GA-210, 

Mitsubishi). 200 µL of this absorption solution is subsequently being injected onto an ion 

chromatograph (Dionex Integrion HPIC, Thermo Scientific) equipped with an anion exchange 

column (2 x 50 mm guard column and 2 x 250 mm analytical column, Dionex IonPac AS19-

4µm). The temperature was kept at 35 °C and the flow rate was set to 0.25 mL/min. The 

mobile phase gradient started at 8 mM hydroxide (kept for 9 min), ramped to 60 mM 

hydroxide at 11 min, kept stable for 3 min and then returned to 8 mM hydroxide for another 8 

min to equilibrate. Detection takes place using a conductivity detector. Calibration was done 

using a sodium fluoride 8-point calibration curve spanning from 0.05 – 25 µg F/mL. 

 

Method validation and quality control 

The SPE method was based on a protocol used in a previous study (Kärrman et al. 2021), but 

modified in order to improve retention of ultra-short chain PFAAs while removing fluoride. 

To evaluate the performance of the method, the following spike/recovery experiments were 

performed:  

 

Quality control  

CIC: 

High spikes of NaF into urine (5000 ng total, n=3) were used to  test the removal of inorganic 

fluoride during the washing steps of the SPE. The extracts of these tests showed the same 

levels of fluoride as the method blanks, meaning the two washing steps efficiently remove 

inorganic fluoride. Additionally a high spike of TFA (102 ng F total, n=2) and a high spike of 

PFOS/PFOA (100 ng F total, n=2) were conducted. These showed recoveries of 96 and 56 %, 

respectively.  

 

Target PFAS: 

A spike/recovery experiment was performed for each of the target PFAS at two different 

levels (approximately 50 pg/mL, n=3, and 500 pg/mL, n=3, of each target PFAS). Percent 
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recoveries ranged from 43-112 % for PFSAs (except for PFDS with 17 and 21 % for low and 

high spike, respectively) and between 35 – 80 % for C3 – C8 PFCAs. For TFA, recoveries 

were 168 and 118 % for low and high spike, respectively. These recoveries are the total 

recoveries, as the internal standards were added first after the extraction, prior to instrumental 

analysis, so no correction could be done for possible losses during extraction.   

 

Finally, during extraction of the real samples, 6 method blanks were processed in the different 

extraction batches. These showed low levels of contamination for PFBS, PFHxS, PFOS, 

PFBA, PFHxA, PFHpA and PFOA. As these levels were low and reproducible, they were 

used to calculate a limit of quantification (LOQ) for those targets. Otherwise the limit of 

quantification was based on the lowest calibration point showing a peak with a signal to noise 

ratio of 3. Except for TFA, there the lowest peak in a sample showing a S/N of 3 was set as 

the limit of detection (LOD).  

 

Statistical analyses 

Statistical analyses were performed using Stata 15 (StataCorp, Texas, USA). Differences of 

personal characteristics between DW exposed and not DW exposed were tested using a two-

sample Wilcoxon rank-sum (Mann-Whitney) test or a chi-square test for education and 

smoking. The difference between PFAA levels in women living in areas with PFAS-

contaminated drinking water and women not living in such areas, was tested using a two-

sample Wilcoxon rank-sum (Mann-Whitney) test. Concentrations below LOQ were replaced 

with LOQ/√2. Urine concentrations adjusted to urine density were calculated according to 

Carnerup et al (2006), using the average density of the current population, 1.015 kg/L. 
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Results and discussion 
 

There were no differences between the two groups, DW exposed and not DW exposed, 

regarding personal characteristics (Table 1). PFAS analyses of serum samples have been 

performed in previous studies (Gyllenhammar et al. 2015, Gyllenhammar et al. 2020) and the 

results of PFAS serum levels from the first-time mothers in the present study are presented in 

Table 3. Drinking water exposed women, with detectable levels of PFBS in serum, had also 

significantly higher serum concentrations of PFHpA, PFOA, PFNA, PFDoDA, PFHxS, and 

PFOS. 

 

 

Table 3. PFAS serum levels (ng/g) in first-time mothers sampled 2009-2011. 

 DW exposed n=20 
 

Not DW exposed n=20 
  

PFAS Mean Range <LOQ (%) Mean Range <LOQ (%) pa 

PFHxA   20 (100)   20 (100)  

PFHpA 0.08 <LOQ-0.18 5 (25)  <LOQ-0.04 19 (95) <0.001 

PFOA 1.85 0.87-3.06 0 (0) 1.14 0.55-2.05 0 (0) <0.001 

PFNA 0.57 0.10-1.05 0 (0) 0.41 0.16-1.00 0 (0) 0.022 

PFDA 0.29 0.11-0.64 0 (0) 0.26 0.09-0.65 0 (0) 0.29 

PFUnDA 0.29 0.08-0.57 0 (0) 0.29 0.05-0.91 0 (0) 0.44 

PFDoDA 0.06 <LOQ-0.18 10 (50) 0.05 <LOQ-0.25 18 (90) 0.039 

PFTrDA 0.05 <LOQ-0.18 13 (65) 0.05 <LOQ-0.18 15 (75) 0.56 

PFTeDA  <LOQ-0.18 19 (95)   20 (100)  

PFPeDA   20 (100)   20 (100)  

PFBS 0.12 0.06-0.22 0 (0)   20 (100) <0.001 

br PFHxS 0.86 0.19-1.95 0 (0) 0.17 <LOQ-0.74 2 (10) <0.001 

lin PFHxS 10.8 2.27-32.7 0 (0) 3.29 0.31-10.0 0 (0) <0.001 

Tot PFHxS 11.7 2.46-33.9  3.46 0.32-10.8  <0.001 

br PFOS 2.66 1.02-4.65 0 (0) 2.01 0.82-6.56 0 (0) 0.012 

lin PFOS 5.13 1.21-9.76 0 (0) 4.05 1.92-11.3 0 (0) 0.022 

Tot PFOS 7.79 2.23-14.4  6.07 2.94-15.4  0.040 

Values below LOQ were repalced with LOQ/√2. DW = drinking water. 
aTwo-sample Wilcoxon rank-sum (Mann-Whitney) test. 
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Target PFAS in urine samples 

Only a few of the target PFAS were detected in the urine samples (Table 4, Appendix Table 

A1). The most frequently detected target was TFA, which was observed in 40% of samples at 

concentrations ranging from <LOD to 7140 ng/mL (non density-adjusted). PFHxA, TFMS, 

PFPrS, and PFePS were also detected intermittently (<1 to 13% detection frequency) with 

concentrations up to114 ng/mL (non-density adjusted). All other PFAS were below LOD in 

urine. No significant differences were observed between density-adjusted urine levels of TFA 

in DW exposed versus not DW exposed women (Table 4). The sample volume in the present 

study was relatively low (2 mL) and it would be interesting to test the method with a higher 

sample volume, to be able to reach a higher concentration factor and thus decrease detection 

limits.  

 

Fluorine mass balance 

EOF concentrations were above the method detection limit (26.1 ng F/mL) in 7 samples out 

of 40 (Figure 1, Table 4). Conversion of target PFAS concentrations to fluorine equivalents 

revealed that target PFAS concentrations explained about 0.2 to 13.2% of the EOF 

concentrations. Thus, there may be other substances like fluorine-containing pharmaceuticals 

or other PFAS not targeted in this study that are responsible for the organic fluoride detected 

in these 7 samples. No significant differences in EOF levels in urine were seen between 

drinking water exposed women and not exposed women (Table 4).     

 

TF concentrations ranged between 0.4 – 2.6 mg F/L (Figure 2, Table 4) which is in 

accordance with levels of fluoride in urine reported in the literature (Riddell et al. 2021). 

Density-adjusted TF levels were significantly higher in DW exposed versus not DW exposed 

women (p=0.032, Table 4). EOF concentrations accounted for a mere 1.3 – 9.4 % of TF, 

indicating that most fluorine in urine was not extractable (most likely fluoride). It is known 

that the ground water in Uppsala contains fluoride from natural sources resulting in ~1 mg/L 

fluoride in the City’s drinking water supply. Similar concentration range <0.2 to 1 mg/L) have 

been reported in areas surrounding Uppsala city (Uppsala Vatten, 2022). Indeed, no 

significant differences were observed between urine TF levels for mothers living within 

versus outside Uppsala, consistent with the relatively similar levels of fluoride in the drinking 

water. We cannot rule out that the higher TF levels in urine from women with PFAS-

contaminated drinking water may be due to chance. 

 



 

 

13 

Table 4. Total fluorine (TF) (ng/mL), extractable organic fluorine (EOF) (ng/mL) and PFAS 

levels (pg/mL) in urine from first-time mothers sampled 2009-2011. 

 DW exposed n=20 
 

Not DW exposed n=20 
 

 Mean Range <LOQ (%) Mean Range <LOQ (%) pa 

TF 1372 554-2326 0 (0) 1193 386-2633 0 (0)  

Density adjusted 1684 683-4152  1210 544-3297  0.032 

EOF  <LOQ-42.2 18 (90)  <LOQ-95.3 15 (75) 0.16 

PFAS        

TFA 472 <LOQ-3117 14 (70) 814 <LOQ-7140 10 (50)  

Density adjusted 519 <LOQ-1948  641 <LOQ-3570  0.41 

PFPrA   20 (100)   20 (100)  

PFBA   20 (100)   20 (100)  

PFPeA   20 (100)   20 (100)  

PFHxA  <LOQ-114 18 (90)  <LOQ-30.9 19 (95)  

PFHpA   20 (100)   20 (100)  

PFOA   20 (100)   20 (100)  

PFNA   20 (100)   20 (100)  

TFMS   20 (100)  <LOQ-17.9 19 (95)  

PFPrS  <LOQ-17.6 17 (85)  <LOQ-133 19 (95)  

PFBS   20 (100)   20 (100)  

PFPeS  <LOQ-12.7 16 (80)  <LOQ-12.6 19 (95)  

PFHxS   20 (100)   20 (100)  

PFHpS   20 (100)   20 (100)  

PFOS   20 (100)   20 (100)  

PFDS   20 (100)   20 (100)  

4:2 FTS   20 (100)   20 (100)  

6:2 FTS   20 (100)   20 (100)  

8:2 FTS   20 (100)   20 (100)  

FOSA   20 (100)   20 (100)  

Values below LOQ were repalced with LOQ/√2. DW = drinking water. 
aTwo-sample Wilcoxon rank-sum (Mann-Whitney) test. 
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Figure 1. Comparison of density adjusted EOF and targeted PFAS concentrations (ng F/mL) 

in urine from first-time mothers sampled 2009-2011. MDL for EOF = 26.13. 
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Figure 2. Comparison of density adjusted TF and EOF concentrations (ng F/mL) in urine 

from first-time mothers sampled 2009-2011. 

 

 

 

Conclusion 

As most of the PFAS analysed in the present study were below the detection/quantification 

limits it can be concluded that urine might not be an efficient biomonitoring matrix for ultra-

short chain PFAS, at least with the volumes used here (~2mL). The EOF analysis showed 

detectable levels in 35% of the urine samples which indicates that some individuals might be 

exposed to unknown PFAS. Exposure to PFAS-contaminated drinking water did not result in 

elevated EOF-levels or targeted PFAS levels in urine. 
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Appendix 

Table A1. Total fluor (TF), extractable organic fluorine (EOF) and targeted ∑PFAS (ng 

F/mL), and PFAS levels (pg/mL) in urine from first-time mothers sampled 2009-2011. 
 TF EOF ∑PFAS TFA PFHxA TFMS PFPrS PFPeS 

DW-exposed 

 1852.3 <MDL 1.582 3116.9 <LOQ <LOQ 17.6 <LOQ 

 1850.5 <MDL 0.012 <LOD <LOQ <LOQ 8.9 12.0 

 1274.5 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 727.7 <MDL 0.186 369.0 <LOQ <LOQ <LOQ <LOQ 

 1851.4 <MDL 0.008 <LOD <LOQ <LOQ <LOQ 12.7 

 1886.9 <MDL 0.208 398.4 <LOQ <LOQ <LOQ 12.4 

 1138.6 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1137.3 42.21 <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 994.6 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1663.0 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1100.0 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1001.8 <MDL 0.012 <LOD <LOQ <LOQ 9.6 11.9 

 2194.6 <MDL 0.537 1065.2 <LOQ <LOQ <LOQ <LOQ 

 554.5 <MDL 0.294 581.9 <LOQ <LOQ <LOQ <LOQ 

 1206.4 26.54 0.276 547.6 <LOQ <LOQ <LOQ <LOQ 

 1574.7 <MDL 0.026 <LOD 39.4 <LOQ <LOQ <LOQ 

 1093.3 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 2326.1 <MDL 0.076 <LOD 113.9 <LOQ <LOQ <LOQ 

 553.6 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1461.2 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

Not DW-exposed 

 2184.8 <MDL 0.648 1270.2 <LOQ <LOQ <LOQ 12.6 

 1154.8 <MDL 0.319 631.6 <LOQ <LOQ <LOQ <LOQ 

 1004.5 <MDL 0.467 926.3 <LOQ <LOQ <LOQ <LOQ 

 1315.8 45.81 <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1088.8 66.06 0.524 1038.0 <LOQ <LOQ <LOQ <LOQ 

 1017.9 <MDL 0.021 <LOD 30.9 <LOQ <LOQ <LOQ 

 1978.0 59.53 0.269 533.4 <LOQ <LOQ <LOQ <LOQ 

 740.3 <MDL 0.199 393.6 <LOQ <LOQ <LOQ <LOQ 

 1291.6 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 2632.9 <MDL 0.449 889.3 <LOQ <LOQ <LOQ <LOQ 

 1010.8 95.26 0.172 340.8 <LOQ <LOQ <LOQ <LOQ 

 1103.6 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 811.1 <MDL 0.361 715.2 <LOQ <LOQ <LOQ <LOQ 

 712.9 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 930.0 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 1215.8 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 2175.3 27.32 3.602 7140.3 <LOQ <LOQ <LOQ <LOQ 

 385.9 <MDL <LOQ <LOD <LOQ <LOQ <LOQ <LOQ 

 661.8 <MDL 0.007 <LOD <LOQ 17.9 <LOQ <LOQ 

 448.7 <MDL 0.071 <LOD <LOQ <LOQ 133.2 <LOQ 

MDL 109.3 26.13       

LOQ1     26    

LOQ2      9 8 11 

LOD3    340     
1 LOQ derived from method blanks, 2 LOQ derived from lowest calibration point, 3 LOD derived from S/N in 

samples. 

 


