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Abstract

Per- and polyfluoroalkyl substances (PFAS) are anthropogenic chemicals that have been globally
distributed. Biological time series data suggest variation in temporal PFAS concentrations due to
regulations and the phase-out of multiple PFAS analytes. Nonetheless, biomonitoring temporal trends of
PFAS concentrations in raptors has only been done sporadically in Europe at a national scale. In the
present study, we examined the concentrations of 28 PFAS in livers of common buzzard (Buteo buteo)
collected in Belgium in the period 2000 — 2005 and in 2021. Despite the regulations and phase-out, the
2PFAS concentrations remained similar in the livers over the past 20 years. However, over time the
abundance of perfluorooctane sulfonate (PFOS), dominant in livers collected in 2000 — 2005, to the XPFAS
concentration decreased from 46% to 27%, whereas the abundance of perfluorotetradecanoic acid
(PFTeDA), dominant in 2021, increased from 19% to 43%. The PFOS concentrations in the present study
did not exceed the Toxicity Reference Values (TRVs), which were determined in liver on the characteristics
of an avian top predator. The absence of temporal changes in PFAS concentrations is hypothesized to be

due to a lagged response in environmental concentrations compared to atmospheric concentrations.

Keywords: Per- and polyfluoroalkyl substances; raptor; temporal variation; PFOS; terrestrial
environment; biomonitoring; toxicological implications
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1. Introduction

Per- and polyfluoroalkyl substances (PFAS) are environmental pollutants that have been used in a wide
variety of industrial and consumer products (Cousins et al., 2016). Their production and application have
resulted in a global contamination of the environment and wildlife (e.g. Giesy and Kannan, 2001; Miller et
al., 2015). Due to their persistence, bioaccumulation and toxicity, long-chained PFAS, such as
perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA), have been phased-out and/or
regulated (3M Company, 2000; UNEP, 2009, 2020), whereas most emerging PFAS, that also show high

toxicity, are not routinely monitored or part of regulatory guidelines (Cao et al., 2019).

Following these regulatory measures, several studies have reported declines in concentrations of PFAS
precursors, whereas concentrations of their final degradation products (e.g. PFOS) decreased less
consistently (Ahrens et al., 2009; Schultes et al., 2020; Sun et al., 2019). Biological time series data suggest
variation in temporal changes in PFAS levels. Because most of these studies focused on legacy
perfluoroalkyl sulfonic acids (PFSAs) and perfluoroalkyl carboxylic acids (PFCAs), it is important to also

understand the temporal trends in other, more emerging, PFAS compounds in biota (Spaan, 2020).

Biomonitoring temporal trends of PFAS levels in raptors has only sporadically been done in Europe at a
national or regional scale (Bustnes et al.,, 2022; Faxneld et al. 2016; Gonzalez-Rubio et al., 2021;
Holmstrom et al., 2010; Sun et al., 2019). As apex predators, common buzzards (Buteo buteo) are expected
to have particularly high PFAS concentrations compared to their prey species (Androulakakis et al., 2022).
Common buzzards are abundant raptors in Europe (Gryz and Krauze-Gryz, 2019) and they are among the
most suitable candidates for pollutant quantification in tissues (Badry et al., 2020). They also live in semi-
urban areas and are known to forage in industrial sites (Androulakakis et al., 2022). Although they are
very adaptable species (Gryz and Krauze-Gryz, 2019), environmental pollution is known to affect their

population growth. For example, between the 1950s and the 1970s, the usage of organochlorine
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pesticides negatively affected the abundance of common buzzard in Europe (Licata et al., 2012). PFAS may
cause reproductive effects in birds (Custer et al., 2012, 2014; Groffen et al., 2019) and consequentially,
PFAS pollution may affect the abundance of raptors. The risks that these contaminants pose may increase,
considering that common buzzards exist in relatively small numbers in some countries and have slow
reproduction rates (Licata et al., 2012). Hence, it is important to monitor this species for these emerging

chemicals and their possible threats.

Therefore, we investigated here the temporal changes in the concentrations of 28 PFAS in livers of
common buzzard (Buteo buteo) collected in Belgium in the periods 2000 — 2005 and 2021. This also
enabled us to examine if there was a noticeable effect of the phase-out of some long-chain PFAS in the

early 2000s on the concentrations of these analytes.

2. Materials and methods

2.1 Sample collection

In the periods of 2000 — 2005 and the year 2021, carcasses of buzzards, with unknown cause of death,
were collected by bird shelters across Belgium and were stored at -20°C. The birds were dissected using
stainless steel instruments and livers were sampled and stored in polypropylene (PP) tubes until PFAS
extractions in 2021. In total, we collected the livers of 15 birds from 2000 — 2005 and 10 birds from 2021.
The number of collected liver samples in 2000 — 2005, however, did not allow us to investigate temporal
changes during these five years. Approximately 0.5 g of each liver lobe was taken (the remaining liver
parts were required in other studies) and stored at -20°C prior to PFAS extractions. The sex, age, condition

and geographical location of the birds were not assessed in this study.

2.2 PFAS extraction and analysis
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The liver samples were homogenized using a TissuelLyser with stainless steel beads. Subsamples (0.213 +
0.020 g ww) of the homogenized livers were extracted following a protocol, using granular activated
carbon powder (ENVI-Carb), as described by Powley et al. (2005) with minor modifications. The samples
were analyzed, targeting 28 analytes, using Ultra Performance Liquid Chromatography coupled Tandem
Electrospray Mass Spectrometry (UPLC-ESI-MS/MS). Details on the extraction procedure and instrumental
settings as well as the name and abbreviations of the targeted compounds are provided in Appendix A

and Table Al.

2.3 QA/QC

Three procedural blanks, which followed the same extraction procedure as the samples, consisting of 10
mL of acetonitrile (ACN) were analyzed and contained no contamination with PFAS. One instrumental
blank (100% ACN) was analyzed directly with the UPLC-ESI-MS/MS per two samples. Limits of
guantification (LOQ) were calculated in matrix as the concentration corresponding to a signal-to noise
ratio of 10 and are displayed in Table A2 for the detected analytes and Table A3 for analytes that were
not detected in any of the samples. The recovery of the internal standards (ISTDs) was calculated by
comparing the ISTD Area of a directly injected (i.e. non-extracted) standard to the ISTD Area observed in
the samples. The recovery varied between 60% (PFHxA) and 99% (PFNA). The target analytes were
guantified using the most suitable ISTD (Table Al) based on ionization and extraction efficiency as has
been validated by Groffen et al. (2021). For the majority of the analytes, we used two diagnostic

transitions to help reduce the incidence of false positives and false negatives (Groffen et al., 2021).

2.4 Statistical analyses

The statistical analyses were performed in statistical software R (version 4.0.2) and in GraphPad Prism
(version 9). The significance level for model testing was set at p £ 0.05. The model normality assumptions

were evaluated with a Shapiro Wilk test. The F test was used to compare variances of both time periods.
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PFAS concentrations that were <LOQ were assigned a replacement concentration following a maximum
likelihood estimation method (Villanueva, 2005; de Solla et al., 2012). A two-sample t-test was used to
investigate temporal differences in PFAS concentrations. In case of non-normality, data were log(x+1)

transformed.

3. Results and discussion

3.1 PFAS concentrations and accumulation

Out of the 28 target analytes, 13 PFAS, i.e. primarily long-chained PFCAs and PFSAs, were detected in at
least one sample (Table A2). Since 6:2 FTS was only detected in 1 sample, assignment of a replacement
concentration based on the MLE method seemed inappropriate for this analyte. Therefore, we did not
include 6:2 FTS in further statistical analyses. The detected PFAS compounds in common buzzard livers
were also detected in common buzzards from Germany, the Netherlands and United Kingdom

(Androulakakis et al., 2022).

In 2000 — 2005, PFOS was the most abundant PFAS, accounting for 46% of the total levels (Figure 1). This
was followed by PFTeDA (19%), PFTrDA (14%) and PFDoDA (8%). In 2021, however, PFTeDA (43%) was
more dominant than PFOS (27%). The relative abundance of PFDoDA (t23 =-2.21, p = 0.037) and PFTeDA
(tzs = - 5.83, p < 0.001) has increased significantly in 2021 compared to 2000 — 2005. The opposite, with
significantly higher abundance in 2000 — 2005, was observed for PFPeS (t,3 = 2.44, p = 0.028) and PFOS
(t2s =4.32, p <0.001). The abundance of PFOA showed a trend, with the relative abundance being lower
in 2021 compared to 2000 — 2005 (t,3 =-2.03, p = 0.058). The relative abundance of all other analytes did
not differ among periods (p > 0.05; Fig. 1). The dominance of PFOS was in agreement with a study
performed on buzzards from the Netherlands and Germany, but not with those from the UK in which 8:8
PFPi (which was not targeted in the present study) was dominant (Androulakakis et al., 2022). In other

studies, on other raptor species and using other bird matrices, such as feathers, PFAS accumulation



123 profiles are generally dominated by PFOS, followed by PFUnDA and PFTrDA (Briels et al., 2019; Chu et al.,
124 2015; Monclus et al., 2022). Androulakakis et al. (2022) compared PFAS concentrations in common
125 buzzards with those in aquatic apex predators and reported that common buzzards were least
126  contaminated. PFAS are likely to end up in the aquatic environment, due to their high water solubility and
127  therefore terrestrial apex predators are less subject to environmental PFAS contamination (Androulakakis
128 et al., 2022). Besides differences in PFAS sources and exposure pathways among bird species, different
129 matrices could also be exposed differently to environmental contamination. For example, feathers can
130 also be contaminated externally through dust particles in addition to internal exposure (Jaspers et al.,
131 2019). Finally, PFAS show different affinities for different tissues and organs (Gonzalez-Rubio et al., 2021;
132 Pérez et al., 2013), which could explain differences in PFAS dominance among studies, in cases where

133  different matrices were compared.
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135 Figure 1. Relative contribution of individual PFAS to the 2PFAS concentration (%) in common buzzard livers collected in 2000-
136 2005 and in 2021.

137 Due to legislation, other regulatory measures, and the phase-out of long-chained PFAS, we had expected
138  toobserve temporal changes in PFAS concentrations over time. The concentrations of PFDoDA (t;3 =-1.66,

139 p =0.023) and PFTeDA (t,3 = -2.56, p = 0.002) were significantly higher in 2021 compared to 2000 — 2005
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(Fig. 2). In addition, PFPeS concentrations were higher in 2000 — 2005 (t,3 = 2.46, p = 0.028) and there was
a trend for higher PFHpS concentrations (t21 = 1.87, p = 0.076) in this period. None of the other individual

PFASs concentrations, nor the ZPFAS concentration differed significantly between both time periods (p >

0.05, Fig. 2).
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Figure 2. PFAS concentrations (ng/g ww) in livers of common buzzard collected in the period 2000-2005 (N = 15) and 2021 (N =
10). Significant differences between time periods are indicated with an asterisk. Box whiskers represent min-max values.

It is possible that PFDoDA and PFTeDA concentrations increased over time due to atmospheric
degradation of their precursor compounds. Atmospheric oxidation from perfluoroalkyl-containing
precursors has been reported before (Young and Mabury, 2010). Furthermore, fluorotelomer alcohols
may undergo degradation on metal-rich atmospheric particle surfaces (Styler et al., 2013). Similar results

have been reported in several studies on PFAS (Land et al., 2018). Bustnes et al. (2022) reported a more
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or less linear increase in concentrations of some long-chained PFCAs, including PFDoDA and PFTeDA, in
eggs of tawny owls (Strix alueco) from central Norway (1986 — 2019). In addition, for the majority of
targeted PFAS, they did not observe decreasing concentrations during these 34 years. Although
concentrations of perfluorooctane sulfonamide (FOSA), a PFOS precursor, declined rapidly in the
atmosphere following the phase-out of PFOS and precursor compounds in the early 2000s, less consistent
declines or even increases have been reported for PFOS itself (Ahrens et al., 2009; Schultes et al., 2020;
Sun et al., 2019). This implies that there might be a lagged response of ecosystems, including in prey items
of buzzards, to changes in chemical production compared to atmospheric concentrations (De Silva et al.,
2020). The persistency of many PFAS, in combination with the atmospheric degradation of PFAS
precursors, causes PFAS to be still present in the environment despite the termination of production.
Consequentially, organisms are still exposed through the same pathways for generations (Land et al.,
2018). Generally, PFAS concentrations in biological samples, collected on a global scale, do show mixed

patterns and do not appear to be declining after phase outs and regulations (Land et al., 2018).

The absence of many temporal differences in PFAS concentrations might also be due to the opportunistic
sampling. Our opportunistic dataset enabled us to determine PFAS concentrations in the livers, but may
also have introduced potentially confounding factors related to the life history, and variable age and sex
of the birds. This might also explain why Figure 2 shows a large variation in PFAS concentrations. Since we
do not have an understanding of their life history, we could not account for differences in such factors in
our analyses. For example, the degree of exposure might differ among individuals, as some birds might
have lived and foraged in more severely polluted sites than others. PFHXS, for example, is one of the most
frequently detected PFAS at military sites with known use of aqueous film-forming-foam (AFFF) use (East
et al.,, 2021).In addition, age or sex differences among the birds may affect the accumulated
concentrations as older birds have been exposed to PFAS for longer time periods. The passive maternal

deposition of PFAS in eggs has been reported before, and this might reduce the body burden in female
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birds (Lopez-Antia et al., 2019). Such effects of age and sex have been reported before for other bird
species (Bertolero et al., 2015; Blévin et al., 2017; Lopez-Antia et al., 2019; Park et al., 2021). Nonetheless,
bias between both sampling periods is expected to be limited, because samples were randomly collected.
In addition, the liver samples collected in 2000 — 2005 were only analyzed in 2021, and degradation and
freeze-drying of the materials might have started during this long-term storage at -20°C. This could affect
concentrations on a wet weight basis, e.g. due to transformation and degradation of PFAS precursors,
even if the PFAS themselves have not been degraded. Nonetheless, if PFAS have not degraded, the relative

proportions of individual PFAS to the total PFAS concentrations (Fig. 1) would remain similar.

Only a few studies have examined PFAS concentrations in livers from European raptors. Kannan et al.
(2002) reported PFOS concentrations ranging from < 3.9 to 127 ng/g ww in liver samples of white-tailed
eagles collected from 1979 to 1999 in Germany and Poland. Two other studies that were conducted in
Belgium reported PFOS concentrations ranging from 47.6 to 775 ng/g ww in Eurasian sparrowhawks
(Meyer et al., 2009) and from 42 to 992 ng/g ww in barn owls (Jaspers et al.,, 2013). The PFOS
concentrations in the present study were similar to those reported by Kannan et al. (2002). The studies
previously conducted in Belgium sampled individuals in the close vicinity of the city of Antwerp, where a
major PFAS chemical plant is located (Jaspers et al., 2013; Meyer et al., 2009). In agreement with this,
both studies also reported higher concentrations of PFOA, PFNA and PFHxS compared to the present

study.

3.2 Toxicological implications

Toxicity Reference Values (TRVs) for PFOS have been calculated by Newsted et al. (2005) on the
characteristics of an avian top predator. These guidelines were based on acute and chronic laboratory
exposure data on the exposure of northern bobwhite quail (Colinus virginianus) and mallard (Anas

plathyrhynchos) and are used to protect wildlife. These TRVs are derived from multiple toxicological and

10
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reproductive endpoints, including mortality, growth and histopathology. The lowest observable adverse
effect level (LOAEL) was calculated and uncertainty factors, to account for the duration of the exposure,
interspecific differences, or the extrapolation of LOAEL to no observed adverse effect levels (NOAEL)) were
included to calculate the TRVs for particular bird tissues. The TRVs derived by Newsted et al. (2005) for
PFOS in liver of male and female birds are 2400 ng/g ww and 140 ng/g ww, respectively. The TRV for
female birds was exceeded only in one sample from the 2000-2005 period, in which PFOS concentrations
of 162 ng/g ww were detected. However, we have no information regarding the sex of this specimen.
Hence, our results appear to imply that the birds used in this study did not experience adverse effects
from PFOS exposure. Exposure to PFAS has not resulted in a population decline in buzzards, because its
population has increased during the period 2007 — 2018 in Flanders (Belgium). This increase was mainly

dueto a better protection of the species and the restriction of several pesticides (Vermeersch et al., 2020).

3.3 Future directions

Overall, the ZPFAS concentrations remained similar in the livers of common buzzard over the past 20
years. Although it was expected that the impacts of the regulations, and the phase-out of some PFAS in
the early 2000s, would be reflected in the accumulated levels, it is hypothesized that accumulated levels
in organisms show a lagged response compared to atmospheric concentrations. Hence, a better
understanding of the role of precursor compounds and other emerging PFAS, is required in future

biological time series studies.
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Appendix
PFAS extraction

Each homogenized sample was spiked with 10 ng of a heavy-labeled perfluoroalkyl carboxylic acid (PFCA) and perfluoroalkyl sulfonic acid (PFSA)
mixture (MPFAC-MXA, Wellington Laboratories, Guelph, Canada), containing seven mass-labeled PFCAs and two mass-labeled PFSAs (Table A1l).
After adding 10 mL of acetonitrile (ACN; Acros Organics BVBA, Belgium), the samples were vortex-mixed and sonicated (Branson 2510) for 3 x 10
min, with vortex-mixing in between periods). Hereafter, the samples were placed overnight on a shaking plate (135 rpm) at room temperature.
After vortex-mixing, the samples were centrifuged (4°C, 1037 x g, 10 min, Eppendorf centrifuge 5804R) and the supernatant was transferred to a
15 mL PP tube. These supernatants were dried to approximately 0.5 mL in a rotational-vacuum-concentrator (Eppendorf concentrator 5301) and
transferred to polypropylene (PP) Eppendorf tubes that contained 0.1 mL of graphitized carbon powder (Supelclean ENVI-Carb, Sigma-Aldrich,
Belgium) and 50 pL of glacial acetic acid. The empty 15 mL tubes, that used to contain the extract, were rinsed twice using 250 uL of ACN and
vortex-mixing. This rinse-liquid was then also added to the Eppendorf tubes. After vortex-mixing for at least 1 min, the samples were centrifuged
(4°C, 10 min, 9279.4 x g, Eppendorf centrifuge 5415R) and the supernatant was dried completely using the aforementioned vacuum-centrifuge.
Finally, the samples were reconstituted with 200 uL of a 2% ammonium hydroxide solution (diluted in ACN), vortex-mixed, and filtered through
an lon Chromatography Acrodisc 13 mm syringe filter with 0.2 um Supor (polyethersulfone; PES) Membrane (VWR International, Belgium) into a

PP auto-injector vial. Procedural blanks followed the same procedure.

UPLC-TQD analysis

Ultra-performance liquid chromatography coupled tandem ES(-) mass spectrometry (UPLC-MS/MS, ACQUITY, TQD, Waters, Milford, MA, USA) was

used to analyze the different analytes. As target analytes, we selected eleven PFCAs, six PFSAs, three fluorotelomer sulfonates, sodium
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dodecafluoro-3H-4,8-dioxanonanoate (NaDONA), the major and minor components of F-53B (9CI-PF30ONS and 11CI-PF30UdS), GenX (HFPO-DA),
three perfluoroether/polyether-carboxylic acids (PF40PeA, PF50HxXA and 3,6-OPFHpA) and a perfluoroethersulfonate (PFEESA). An ACQUITY BEH
C18 column (2.1 x 50 mm; 1.7 um, Waters, USA) was used to separate the analytes. To retain any PFAS contamination originating from the system,
we inserted an ACQUITY BEH C18 pre-column (2.1 x 30 mm; 1.7 um, Waters USA) between the solvent mixer and the injector. As mobile phase
solvents, we used 0.1% formic acid in water and 0.1% formic acid in ACN. The solvent gradient started at 65% of the 0.1% formic acid solution in
water. After 3.4 min, this solution decreased to 0% and it returned to 65% at 4.7 min. The flow rate was set at 450 pL/min, with an injection volume
of 6 puL (partial loop). Multiple reaction monitoring (MRM) of two diagnostic transitions was used for the majority of analytes to identify and

guantify the PFAS. MRM transitions, cone voltages and collision energies of these analytes, including the ISTDs are displayed in Table Al.
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Table A1. Full name, abbreviation, MRM transition (precursor and product ion), internal standard (ISTD) used for quantification, cone voltage (V) and collision energy (eV) for the
target PFAS and the ISTDs. Mean recovery and standard error (%) are mentioned for the individual ISTDs.

Analyte ISTD used Precurs | Production (m/z) Collision energy (eV) | Cone voltage (V) Recover
Full name Abbreviati | for orion Diagnost | Diagnost | Diagnost | Diagnost | Diagnost | Diagnost | y ISTD
on quantificati | (m/z) ic ic ic ic ic ic (%)
on product | product | product | product | product | product
ion1 ion 2 ionl ion 2 ion1 ion 2
Perfluorobutanoic PFBA 13C4-PFBA 213 169 169 19 50 19
acid
Perfluoropentanoic | PFPeA 13C4-PFBA 263 219 219 10 45 15
acid
Perfluorohexanoic PFHxA [1,2- 313 269 119 21 65 19
acid 13C,]PFHXA
Perfluoroheptanoic PFHpA [1,2- 363 319 169 40 30 24
acid 13C,]PFHXA
Perfluorooctanoic PFOA [1,2,3,4- 413 369 169 13 60 22
acid 13C,]PFOA
Perfluorononanoic PFNA [1,2,3,4,5- 463 419 169 17 20 28
acid 13C,]PFNA
Perfluorodecanoic PFDA [1,2- 513 469 219 29 29 25
acid 13C,]PFDA
Perfluoroundecanoic | PFUnDA [1,2- 563 519 169 30 35 18
acid 13C,]PFUND
A
Perfluorododedanoi | PFDoDA [1,2- 613 569 319 21 30 22
c acid 13C,]PFDoDA
Perfluorotridecanoic | PFTrDA [1,2- 663 619 319 21 30 26
acid 13C,]PFDoDA
Perfluorotetradecan | PFTeDA [1,2- 713 669 169 21 21 28
oic acid 13C,]PFDoDA
Perfluorobutane PFBS 180,-PFHxS 299 80 99 65 45 40
sulfonate
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Perfluoropentane PFPeS [1,2,3,4- 349 80 99 40 40 40 35
sulfonate 13C4]PFOS

Perfluorohexane PFHxS 180,-PFHXS | 399 80 99 30 60 22
sulfonate

Perfluoroheptane PFHpS [1,2,3,4- 449 80 98.5 47 45 40
sulfonate 13C,]PFOA

Perfluorooctane PFOS [1,2,3,4- 499 80 99 58 58 60
sulfonate 13C4]PFOS

Perfluorodecane PFDS [1,2,3,4- 599 80 99 63 63 29
sulfonate 13C4]PFOS

1H,1H,2H,2H- 4:2 FTS [1,2,3,4- 327 307 80 25 33 20
perfluoro-1- 13C4]PFOS

hexanesulfonate

1H,1H,2H,2H- 6:2 FTS [1,2,3,4- 427 407 80 25 33 20
perfluoro-1- 13C4]PFOS

octanesulfonate

1H,1H,2H,2H- 8:2 FTS [1,2,3,4- 527 507 81 40 40 36
perfluoro-1- 13C4]PFOS

decanesulfonate

Sodium NaDONA [1,2,3,4- 376.8 250.7 84.8 35 32 23
dodecafluoro-3H- 13C,]PFOA

4,8-dioxanonanoate

9- 9CL- [1,2,3,4,5- 531 350.5 83 32 37 46 40
chlorohexadecafluor | PF30ONS 13C,]PFNA

0-3-oxanonane-1-

sulfonate

11- 11CL- [1,2- 631 451 83 40 35 50 40
chloroeicosafluoro- | PF30UdS 13C,]PFUND

3-oxaundecane-1- A

sulfonate

2,3,3,3-Tetrafluoro- HFPO-DA [1,2- 285 169 20 30
2-(1,1,2,2,3,3,3- (GenX) 13C,]PFHXA

heptafluoropropoxy)

-propanoic acid
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Perfluoro-4- PF40PeA [1,2,3,4- 228.8 85 20 20

oxapentanoic acid 13C,)PFOA

Perfluoro-5- PF50HXA [1,2- 279 85 20 20

oxahexanoic acid 13C,]PFHXA

Perfluoro- 3,6- [1,2- 201 85 25 30

3,6,dioxaheptanoic OPFHpA 13C,]PFHXA

acid

Perfluoro(2- PFEESA [1,2- 315 135 69 20 55 30 35

ethoxyethane)sulfon 13C,]PFDA

ate
13C4-PFBA 217 172 172 19 50 19 940

3.82
[1,2- 315 269 119 21 65 19 91.3+
13C,]PFHxXA 8.09
[1,2,3,4- 417 372 172 13 60 22 94.2 +
13C,]PFOA 1.57
[1,2,3,4,5- 468 423 172 17 20 28 89.4
13C,]PFNA 5.71
[1,2- 515 470 220 29 29 25 93.8t
13C,]PFDA 2.60
[1,2- 565 520 170 32 35 18 95.8 +
13C,]PFUND 3.39
A
[1,2- 615 570 320 21 30 22 92.0+
13C,]PFDoD 3.58
A
180,-PFHxXS 403 84 103 30 60 22 82.8+
6.82

[1,2,3,4- 503 80 99 58 58 60 86.7
13C4]PFOS 4.41
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Table A2. PFAS concentrations (mean and range (between brackets); ng/g ww), Limit of quantification (LOQ; ng/g ww) and frequency of detection (FoD; %) of the analytes that
were detected in at least one liver sample from the period 2000 — 2005 (N = 15) or 2021 (N = 10).

Analyte Time period LOQ
2000 - 2005 2021

PFBA Concentration 1.14 (<LOQ - 7.44) 0.616 (<LOQ - 1.82) 0.197
FoD 40 70

PFOA Concentration 3.38 (<LOQ - 18.6) 1.26 (0.402 - 3.62) 0.116
FoD 87 100

PFNA Concentration 0.644 (<LOQ - 1.37) 0.788 (<LOQ - 1.40) 0.079
FoD 93 90

PFDA Concentration 0.894 (0.301 - 1.75) 1.14 (<LOQ - 2.50) 0.167
FoD 100 90

PFUNDA Concentration 0.783 (<LOQ - 1.90) 0.78 (<LOQ - 2.01) 0.229
FoD 80 80

PFDoDA Concentration 9.52 (<LOQ - 28.8) 14.5 (1.04 - 34.2) 0.372
FoD 93 100

PFTrDA Concentration 13.1(1.18 -32.1) 15.5(2.32 - 37.4) 0.856
FoD 100 100

PFTeDA Concentration 20.2 (<LOQ -79.1) 43.6 (17.4-104) 0.901
FoD 87 100

PFPeS Concentration 1.23 (<LOQ-11.4) <LOQ 0.301
FoD 60 0

PFHxS Concentration 13.1 (<LOQ-91.9) 3.58 (<LOQ - 11.2) 2.820
FoD 53 40

PFHpS Concentration 3.04 (<LOQ -9.87) 1.43 (<LOQ - 3.56) 0.585
FoD 80 60

PFOS Concentration 67.1(4.42 -162) 41.8 (9.40-92.9) 0.181
FoD 100 100

6:2 FTS Concentration <LOQ <LOQ (<LOQ - 2.98) 0.731
FoD 0 10
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Table A3. Limits of quantification (LOQ, ng/g ww) of analytes that were not detected in any of the liver samples.

Analyte LoQ
PFPeA 0.323
PFHxA 0.284
PFHpA 0.575
PFBS 1.29
PFDS 0.905
11CI-PF30UdS 0.348
9CI-PF30ONS 0.371
4:2 FTS 1.48
8:2 FTS 1.31
NaDONA 0.0870
HFPO-DA 1.84
PFEESA 0.401
PF40PeA 0.329
PFSOHXA 0.683
3,6-OPFHpA 0.728
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