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ABSTRACT

A combined method for quantitative, suspect, and non-target screening of per- and polyfluoroalkyl
substances (PFASs) was developed using ultra-high pressure liquid chromatography-ultra-high
resolution (Orbitrap) mass spectrometry. The method was applied together with measurements of total-
and extractable organofluorine (TF and EOF, respectively), to pooled serum samples from 19962017
from first-time mothers living in the county of Uppsala, Sweden, some of which were exposed to
drinking water contaminated with perfluorohexane sulfonate (PFHxS) and other PFASs until mid-2012.
Declining trends were observed for all target PFASs as well as TF, with homologue-dependent
differences in year of onset of decline. Only 33% of samples displayed detectable EOF, and amongst
these samples the percentage of EOF explained by target PFASs declined significantly (—3.5% per year)
over the entire study period. This finding corroborates prior observations in Germany after the year
2000, and may reflect increasing exposure to novel PFASs which have not yet been identified. Non-
target time trend screening revealed 3 unidentified features with time trends matching PFHxS
(Spearman’s p > 0.5). These features require further investigation, but may represent contaminants

which co-occurred with PFHxS in the contaminated drinking water.

ENVIRONMENTAL SIGNIFICANCE

The global occurrence of per- and polyfluoroalkyl substances (PFASs) is of concern for both human and
wildlife health. Among the >4000 registered PFASs, only a few are commonly monitored, suggesting
that exposure to these chemicals may be underestimated. The present work investigated temporal trends
of suspect- and target PFASs, along with extractable organic fluorine (EOF) and total fluorine (TF) in
pooled serum (1996-2017) from a cohort historically exposed to PFAS-contaminated drinking water.
Declining temporal trends were observed for all target PFASs, demonstrating the positive impact of
phase-outs and regulation, along with local drinking water clean-up initiatives. However, target PFASs
also accounted for a smaller fraction of EOF in serum from more recent years, suggesting an increase
in the relative contribution from some as-of-yet-identified PFASs. Finally, non-target time trend
screening revealed 3 unidentified features which are suspected to be contaminants which co-occurred in

the contaminated drinking water supply.



INTRODUCTION

Per- and polyfluoroalkyl substances (PFASs) are a family of synthetic compounds containing at
least one fully fluorinated carbon atom in the alkyl chain.' PFASs have been used since the 1950s
in a wide variety of applications (e.g. firefighting-foams, food-contact materials, textiles,
cosmetics, etc.) due to their stability along with surfactant and surface protection properties.” In
the early 2000s, however, concerns were raised about the toxicity, bioaccumulation,
environmental occurrence and persistence of some perfluoroalkyl acids (PFAAs), in particular
perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS).? While production and use
of PFOS and PFOA has been reduced,’* the over 4600 registered PFASs which exist on the
global market’ has left questions regarding whether human and wildlife exposure to these
chemicals is being underestimated.® Moreover, recent organofluorine mass balance experiments
have reported large quantities of unidentified extractable organofluorine (EOF) in human blood

(15-67%) and wildlife (68-90%).”"°

Non-target or suspect-screening (collectively referred to herein as ‘NTA”) workflows offer the
opportunity to elucidate novel PFASs which may account for unidentified organofluorine in
samples. The application of NTA workflows within PFAS research have been reviewed
recently.'® There are few examples of where NTA has been combined with organofluorine mass
balance determination and only a single study'' which applied NTA to elucidate novel PFASs
in humans. In that work, a case-control design was used to identify novel features in the serum
of firefighters from Australia. However, concentrations of PFOS and PFHxS ranged from
92—-343 and 49—326 ng/mL in serum from firefighters, which is in some cases over 2 orders of
magnitude higher than the general population. Identifying novel PFASs within the non-
occupationally exposed population is considerably more challenging due to lower serum

concentrations, which necessitates very low detection limits.

In the city of Uppsala, Sweden, residents in certain areas received drinking water (DW)
contaminated with PFASs up until 2012, when the contamination was mitigated.
Perfluorohexane sulfonate (PFHxS) was the most prevalent PFAA in the contaminated well
water (median 83 ng/L), followed by PFOS (median 47 ng/L), perfluorobutane sulfonate (PFBS;
median 13 ng/L), and perfluorohexanoate (PFHxA; median 10 ng/L)."* Given the health-based
guideline for drinking water issued by the Swedish Food Agency (< 90 ng/L based on the sum
of 11 PFASs), these concentrations are clearly of concern.'* Through the POPUP study
(Persistent Organic Pollutants in Uppsala Primiparas), PFAS contamination in DW has been
linked to increased PFAS concentrations in the serum of both mothers and their children.
However, given the number and diversity of PFASs, it remains unclear as to whether the full

extent of exposure to PFASs has been elucidated.'*'>!¢



The present study builds upon prior targeted temporal trend analyses carried out on the POPUP
cohort (1996-2016)'"'8 by applying a combined target/suspect screening strategy together with
fluorine mass balance determination to samples from the entire cohort (1996—2017). To the best
of our knowledge, this is the first study to combine fluorine mass balance and suspect screening
in human samples. These new methodologies provide a means of comprehensively assessing
exposure to known PFASs and and the effect of local drinking water clean-up initiatives.
Moreover, this approach offers the possibility to identify novel contaminants not captured by

traditional (targeted) methodologies.

MATERIALS AND METHODS

Target PFASs

Target PFASs included C4—C16 and C18 perfluoroalkyl carboxylic acids (PFCAs), C4-Cl11
perfluoroalkyl sulfonic acids (PFSAs), 32 perfluoroalkyl acid precursors/replacement PFASs
(including (N-alkyl substituted) perfluorooctane sulphonamides/sulfonamidoalcohols/acetates,
polyfluoroalkyl phosphate esters (PAPs), fluorotelomer sulfonates (FTSs), and fluorotelomer
acids (FTAs), perfluoroalkyl ethers) and 8 branched isomers. A full list, including abreviations
can be found in table S1 (SI). In cases where isomers are quantified, branched isomers are
denoted as ‘br-’ and linear isomers as ‘lin-’; in cases where multiple isomers are not reported,
the measured target can be assumed to be linear. All standards and reagents were purchased from

Wellington Laboratories.

Recruitment and sample preparation

In the POPUP study, first-time mothers (n = 622) from the general population living in Uppsala County
were recruited between 1996 and 2017. All participants donated a blood sample 3 weeks after delivery.
Blood sampling was done using 9 ml Vacutainer® or Vacuette® serum tubes and serum was stored at
—20°C, at the Swedish Food Agency. For details about recruitment and blood sampling see Glynn et
al.” and Lignell et al.*® The study was approved by the local ethics committee of Uppsala University,

and the participating women gave informed consent prior to inclusion in the study.

For each year of recruitment, 1-3 pooled serum samples were prepared, with serum from 6—25
individual mothers in each pool (table 1). Three separate analyses were performed on each pooled
serum sample: 1) targeted PFASs were measured in 0.5 mL serum using an acetonitrile (CAN)
extraction followed by a newly developed UHPLC-Orbitrap MS method; 2) Extractable

organofluorine (EOF) was determined in 0.5 mL portions of serum using the same ACN



extraction as for targeted analysis (minus internal standards) followed by analysis by combustion
ion chromatography (CIC); 3) Total fluorine (TF) was determined in 150 pL portions of serum
which were analysed directly by CIC. Details of these methods are provided below.

Sample extraction

Each serum sample (0.5 mL) was transferred to a polypropylene vial and spiked with 50 pL of
internal standard mix. The aliquots were then extracted twice by adding 4 mL acetonitrile,
mixing (Vortex-mix and ultra-sonic bath) and centrifuging. The supernatants were then
transferred to a new vial and concentrated down to ImL (under N,-stream at 40°C, using a
Turbovap LV). The extracts were cleaned with ~25 mg ENVI-Carb and 50 pL glacial acetic
acid, thorough Vortex-mix, centrifuge and transfer of 500 uL supernatant to a new vial. Lastly,
50 uL of recovery standard mix (M8PFOS and M8PFOA) and 200 uL. 4 mM NH4OAc in H,O

were added prior to instrumental analysis.

Instrumental analysis

The extracts were analysed using a Dionex UltiMate 3000 Ultrahigh performance liquid
chromatograph (Thermo Scientific) coupled to a Q Exactive HF hybrid Quadrupole-Orbitrap
mass spectrometer (Thermo Scientific) (detailed parameters are listed on table S2, SI).
Separation of analytes was carried out using an injection volume of SuL into a BEH C18 column
(2.1 x 50 mm, 1.7 um particle size; Waters) with a guard column BEH C18 (2.1 x5 mm,
1.7 um; Waters). Besides an extra "isolator column" (2.1 x 50 mm; Waters) was mounted before
the injector. All samples were run in negative ionisation, full scan mode (200—1200 Da) at a
resolution of 120 000 full width at half maximum (fwhm) with data-dependant MS?2
fragmentation using an inclusion list comprising 453 suspects from the NORMAN list plus 62
targeted compounds (50 of which authentic standards were available), 22 internal standards and

2 recovery standards (a full list of targets is provided in table S1, SI).

Targeted data processing was carried out using TraceFinder version 4.1 (Thermo Scientific
version). A 9-point calibration curve was used to quantify the target PFASs. The lowest
concentration calibration standard for which a well-shaped peak was observed was used as the
limit of quantification (LOQ), with exception where a signal was observable in the blanks, in
which case the LOQ was defined as the mean concentration detected in the blanks plus three

times the standard deviation of the blanks.

Targeted method validation, intercomparison, and ongoing QC
Initial validation of the newly developed UHPLC-Orbitrap method was carried out using

replicate (n =4) spike/recovery experiments along with analysis of NIST certified reference



materials (n =2). Thereafter, a method intercomparison was conducted whereby duplicate
spiked samples and n = 20 individual (unspiked) human serum samples were processed by each
of 3 methods: Method (A) involved an ACN extraction (described above) followed by analysis
using the newly developed UHPLC-Orbitrap method. Method B utilized the same ACN
extraction as in Method A, with analysis by ultra-performance liquid chromatography tandem
mass spectrometry (UPLC-MS/MS; see SI for details). Finally, Method C utilized a previously
reported solid phase extraction (SPE) procedure combined with UPLC-MS/MS analysis, and
was designed for an expanded suite of PFASs, including polyfluoroalkyl phosphate diesters'’
(see SI for details). Following method validation, time trend samples were processed together

with extraction blanks (one per batch) and quality control (QC) samples (spiked and unspiked).

Fluorine mass balance

For measurement of extractable organofluorine (EOF), sample processing was the same as for
targeted PFAS analysis (i.e. using 0.5 mL of serum) but was performed without addition of
internal standards. Following extraction, samples were analysed using a Thermo-Mitsubishi
combustion ion chromatograph (CIC), details of which can be found in Schultes et al.?' A brief
overview is provided here. For EOF measurements, sample extracts (ca 200 pl) were placed in
a ceramic sample boat containing glass wool. For TF measurements, 150 pL of serum was
weighed directly into the sample boat. The samples were combusted at 1100°C under a flow of
oxygen (400 1/min) and argon mixed with water vapor (200 1/min) for ~5 minutes. Combustion
gases were collected in 10 mL water in an absorber unit (GA-210, Mitsubishi), after which an
aliquot of the absorption solution (200 ul) was injected onto the IC (Dionex Integrion HPIC,
Thermo Fisher Scientific) which was equipped with an anion exchange column (Dionex lonPac
AS19 2 x50 mm guard column and 2 x 250 mm analytical column, 7.5 um particle size)
operated at 30°C. The mobile phase (hydroxide) was ramped from 8 mM to 100 mM at a flow
rate of 0.25 ml/min over the course of the run and measurement of fluorine was achieved by

conductivity detection.

Samples for EOF analysis were prepared together with blanks and spiked samples (250 ng PFOS; n = 4).
EOF concentrations were recovery-corrected based on PFOS recoveries (average 73%; see supporting
information). For assessment of accuracy and precision of TF data, replicate certified reference material
(BCR®-461, fluorine in clay) was analysed (94% recovery; RSD = 4.6%). For comparison to EOF and

TF data, individual PFAS concentrations are converted to fluorine equivalents using equation 1.

Eqn 1. Cr pras = np X MWy / MWpras % Cpras



Where Cr pras (ng F/g) is the concentration of the PFAS of interest in equivalents of fluorine, 7r is the
number of fluorine atoms on the molecule, MW is the weight of 1 mol of fluorine, MWprys is the
molecular weight of the PFAS of interest, and Cpras is the concentration of the PFAS determined using

LC-MS/MS.

The total known extractable fluorine concentration (XCr pras; ng F/g) was obtained by summing the
fluorine concentrations from all individual PFASs. Thereafter, the concentration of unidentified,
extractable organic fluorine (Cr exyunknown, g F/g) was determined by subtracting XCr pr4s from the total

extractable organic fluorine concentration (Cr ror; ng F/g), according to equation 2.

Eqn 2. CFiEOF = ZCFiPFAS + CFﬁextmmknuwn

The TF concentration (Cr 77, ng F/g) is the sum of Cr gor and the total non-extractable fluorine

concentration (Cr non exir, Ng F/g), as shown in equation 3.

Eqn 3. CFiTF = CFiEOF + CFJmn extr.

Time trends of target PFAS, EOF, and TF

PFAS levels below LOQ were substituted with LOQ/N2. Time trends for EOF were only evaluated using
samples containing EOF above the detection limit since substituting with LOQ or LOQ/\2 could lead
to artificial gaps between sum PFAS and EOF concentrations. While it has been pointed out that
removing data below LOQ can lead to positive bias?, this was mitigated by focusing on the percentage
of known EOF (rather than the absolute EOF), and the fact that samples with detectable EOF were not
just present at early or late time points (i.e. they occurred throughout the study period). To test for
significant changes in concentrations from 1997-2017, log-linear regression analyses were carried out.
An approach adapted from Sturludottir et al.* was used for change-point (CP) analysis. Prior to CP
analysis, the data were screened for outliers. Concentrations with a residual from a regression line
covering the entire time period were excluded if the residual exceeded 3 times the interquartile range
(IQR) of all the residuals. This is a conservative approach and only a few observations were excluded
from the CP test. To detect the CP, the entire time-series was repeatedly divided into two parts with at
least three years in each part and log-linear regression lines were fitted to each part and the residual
variance was recorded for each combination. The combination of regression lines that gained the
smallest variance was compared with a log-linear regression line for the entire study period and the
mean for the whole time period with F-tests. The degrees of freedom were reduced to compensate for
the less constrained situation of two regression lines compared to a single regression line. Only a single
change-point was determined for each substance because the time-series were generally too short for

several change-points. The median concentration for the tested change-point year was included in both



parts of the time series. This is a conservative approach which reduces the influence of abrupt changes
from one year to the next but may also reduce the chance to detect significant trends on either side of
the change-point. The two parts may not necessarily point in different directions (i.e. increasing-
decreasing) and may not show significant slopes separately (only significant regressions lines were
plotted) but they still show a significant decrease in residual variance, i.e. they explain significantly
more of the variation in contaminant concentration than the mean or a regression line for the entire

period. For time series without a significant CP, log-linear regression was carried out.

Suspect Screening

Suspect screening was carried out using Compound Discoverer (CD) 3.0 (Thermo Scientific).
Software parameters are listed in table S3 (SI). CD handles peak alignment, peak picking, blank
subtraction and comparison with databases (suspect list of exact masses and mzCloud). For the
peaks matching a molecular mass in the suspect list (within 5 ppm), the MS2 spectra were further
inspected. The correspondence of the MS2 data from CD with the suspect compound was

assessed in silico with both Sirius and MetFrag.***’

Non-target time trend screening

We previously utilized increasing time trends as a prioritization strategy to identify emerging
bioaccumulative contaminants in human whole blood.®*° In the present work, we postulated that
unknown substances co-occurring with PFHxXS in the contaminated drinking water supply may
mimic the time trends of PFHxS. Therefore, we prioritized features with time trends that matched
PFHxS (i.e. increasing until 2010 then decreasing) in our non-target data using Spearman rank

correlation for all features against PFHxS.

RESULTS AND DISCUSSION

Quality Control and Method Validation

Blank concentrations were typically below LOQ for most targets and were not subtracted from
samples. Method accuracy and precision (assessed through replicate spike/recovery
experiments) were excellent for most compounds, with mean percent recoveries typically
ranging between 70 and 130%. The exceptions were for FOSAA, 6:2/8:2 diPAP, 10:2 diPAP,
and 3:3, 5:3 and 7:3 FTAs, which all displayed lower average recoveries (21-63%) and PFBA,
PFTriDA, PFTeDA PFHxDA, PFOcDA, which displayed higher recoveries (147—154%;
(table S4, SI). The sub-optimal performance for these targets is likely due to the absence of
exactly-matched, isotopically-labelled internal standards. Nevertheless, precision remained
excellent for these substances, as seen in table S4 (SI), and therefore they were included in the
analysis of temporal trends. Measurements of NIST CRM 1957 revealed good consistency with

certified concentrations and previous studies'’*” (table S5, SI). Furthermore, deviation from the
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values in Gebbink et al. were mostly under 13%, with the exception of PFDoDA (43%),
PFTriDA (38%) and FOSA (88%), like due to the very low concentrations of these substances
in the NIST material. Overall these data indicate good performance of the method. Finally,
evaluation of matrix effects revealed some ionisation suppression, with average internal standard
recoveries between 59 and 92%, with the exception of M4PFBA (5.9 = 1.8%), M3PFPeA
(19 = 4.2%) and M2PFHxA (35 + 13%; table S4, SI).

Method intercomparison

A comparison of data generated using the newly developed UHPLC-Orbitrap method (i.e. method A)
with two existing methodologies (methods B and C; both involving a triple quadrupole mass
spectrometer), used in Glynn et al. 2015*® and Gyllenhammar et al. 2017'? revealed consistent percent
recoveries for spiked duplicates for targets which were included in all 3 methods (table S6, SI). The
exceptions were fluorotelomer sulfonates, which displayed better overall recoveries and repeatability
using the Orbitrap method, and PFBA, which was over-reported using previous methods B and C (albeit,
over-reporting of PFBA was also noted during our initial Oribtrap method validation; see table S3, SI).
In contrast, determination of monoPAPs was not possible using the Oribtrap method due to the necessity
of an ion pairing agent in the mobile phase which was only used in method C. A comparison of n =20
unspiked serum samples using all three methods demonstrated strong correlation coefficients between
each method ( typically greater than 0.9 for substances detected by all three methods) further
demonstrating consistency among methods. In general, the biggest performance differences among
methods were observed for low-abundance substances (e.g. PFHpA, br-PFOA, PFBS, etc.), which were
more consistently detected by the Oribtrap method, due to lower LOQs (typically an order of magnitude
lower; see table S7, SI).

Target PFAS profiles

Across all samples, concentrations were below LOQ for PFPeA, PFDoDA, PFTeDA, PFHxDA,
PFOcDA, MeFOSA, 11CI-PF30UdS, NaDONA, HFPO-DA, 3:3 FTA (FPrPA), 5:3 FTA (FPePA), 7:3
FTA (FHpPA), 4:2 FTS, 6:2/8:2 diPAP, 8:2 diPAP and 10:2 diPAP. L-PFDS, L-FOSA, L-EtFOSA, L-
EtFOSE, 9-CI-PF30NS, and 6:2 diPAP were detected intermittently (i.e. <10% of all samples) and were

therefore not investigated further. The remaining targets were detected in >30% of samples.

Sum (3)) PFAS concentrations ranged from 8.0 (2017) — 32 ng/g (1999) and were dominated by PFOS,
PFOA, and PFHxS over the entire study period (Figure 1). Considerable changes were observed in the
relative profile of these 3 PFASs over the study period. For example, from 1996-2002, profiles were
dominated by PFOS, followed by PFOA and PFHxS. After 2002, a concomitant increase in PFHxS and
decrease in PFOS led to approximately equal concentrations of these homologues by 2010. After 2010,

PFHxS and PFOS concentrations remained approximately equivalent with the remaining ~15-30% of
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the profile made up of PFOA and longer-chain PFCAs. Notably, the PFOS-precursors FOSAA,
MeFOSAA, and EtFOSAA were clearly observable from 1996-2002; thereafter the occurrence of these
substances declined rapidly and they were generally not observable after 2010 (tables S8-10, SI).

Target PFAS time trends

Among the PFSAs, statistically significant (i.e. p < 0.05) upwards-downwards trends were observed for
PFBS, lin-PFHxS, br-PFHxS, br-PFOS, and 1lin-PFOS, with change-points occurring in 2007, 2010,
2011, 2001, and 2001, respectively (figure and table 2). The increasing PFBS and PFHxS trends at the
beginning of the study period likely reflect increased PFAS contamination of the DW supply, originating
from extensive use of aqueous film forming foams (AFFF) in certain areas of Uppsala.'* The PFAS
contamination of the DW production wells was mitigated in 2012, but already in 2007 the DW
distribution system of Uppsala was changed resulting in lower average PFBS and PFHxS concentrations
in the areas that had previously received a high proportion of the contaminated drinking water.'* This
change in DW distribution in Uppsala corresponds to the CP of PFBS (in 2007), br-PFHxS (in 2010)
and lin-PFHxS (in 2011). The slightly earlier change-point for branched isomers is likely due to their
faster blood elimination kinetics.!* For PFBS, the earlier CP (relative to PFHxS) is more difficult to
explain because PFBS is the most mobile and least biopersistent perfluoroalkyl sulfonic acid
investigated here (serum elimination half-life of 25.8 days for PFBS vs 1751 days for PFHxS and
2662 days for PFOS),?*” and its concentration in human serum is expected to respond more quickly to
changes in exposure levels than PFHxS (change-point 2010—11). The mitigation of PFAS contamination
of'the DW in 2012 explains the further decrease in PFBS and PFHxS towards the end of the study period
(figure 2). In contrast, the PFOS CP in 2001 likely reflects the phase-out of perfluorooctane sulfonyl
fluoride-based substances in the early 2000s, which is also reflected in the rapid decline of PFOS
precursors (FOSAA, MeFOSAA, and EtFOSAA) throughout the study period (average declines of 6.5—
28% per year). Interestingly, the change-point for PFOS observed in this study is considerably later than
that observed in human milk from Stockholm (1988), assessed between 1972 and 2016,>' most likely
due to the additional PFOS exposure from DW in Uppsala.'

Among the PFCAs for which temporal trend analysis was performed, all but PFHxA and br-PFOA
(which both declined throughout the study period) displayed statistically significant upwards-
downwards trends (figure 2). CPs occurred in the years 2000 (PFBA), 2002 (PFOA), 2004 (PFHpA,
PFDA), 2007 (PFNA), 2008 (PFUnDA), and 2009 (PFTriDA) (figure 2 and table 2). The declining
trends in PFOA from 2002 and earlier are consistent with those of PFOS and likely also reflect the 2002
3M phase-out, when production of ECF PFOA (the source of branched PFOA isomers) was halted, and
eventually replaced by telomerised (i.e. strictly linear) PFOA.** The PFOA Stewardship Program,
initiated in 2006, may have also contributed to the observed decline.** The trends and CP for PFOA

observed here also coincide with those observed for PFOA in human milk sampled from 1972-2016 in
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Stockholm (CP = 2000).>' The change point for C9, C11, C13 PFCAs (i.e. beginning 2007-2009) also
indicates that exposure sources of these PFCAs have been restricted, but the delay relative to PFOA
suggests that regulation of these substances occurred later than PFOA. Notably, Land et al. reviewed
PFAS temporal trend data published up until 2015 and concluded that there was no evidence for
significant declining trends in PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA and PFTeDA in human
sample at any global location.** In the trend study on human milk from Stockholm, PFDA and PFTriDA
did not display a change-point; instead these substances increased throughout the study period, while
PFUnDA showed a CP in 1984, albeit with non-significant trends before and after this time. As
mentioned before, differences in study design and sampling frequency may contribute to discrepancies
between studies. The CP for PFNA in the present study (2007) is fairly consistent with that in human
milk (2010).

Finally, both 6:2 and 8:2 FTS displayed CPs in 2004 (upwards-downwards), but only 8:2 FTS was
statistically significant. Over the entire time period, statistically significant declines were observed for
both substances, at a rate of 8 and 9.6% per year, respectively. Few data are available on FTS temporal
trends but a recent report highlighted the widespread occurrence of FTSs in the Nordic environment,
including sediment, groundwater, indoor dust and biota.*> FTSs generally occur at low concentrations
with the exception of samples collected close to sites contaminated with AFFF. To the best of our
knowledge, FTSs have not been reported previously in human serum from the Nordics; however, serum
collected in 2009 from 50 individuals from the US contained 8:2 FTS at concentrations ranging from
<0.005-0.231 ng/mL (detection in >95% of samples) and 6:2 FTS at concentrations ranging from
<0.005—0.047 ng/mL (detection in >54% of samples).’® Sources of exposure to FTSs are thought to
include commercial products containing FTSs (e.g. AFFF) or fluorotelomer mercaptoalkyl phosphate

diester (e.g. food packaging).*®

Fluorine mass balance

EOF was above method detection limits (25 ng F/g serum) in only 33% of samples, hampering
comparisons to TF and XCr pr4s for the entire time period. Nevertheless, some observations could be
made by focusing on samples with detectable levels of EOF. Among these samples, the proportion of
EOF explained by target PFASs ranged from 11-75%. Significant trends were not observed for EOF,
despite the fact that significant declining trends in TF and 2Cr pr4s were observed (3.2% and 5.4%/year,
respectively; (figure 3 and table 2). The lack of a trend in EOF and the declining trends in 2Cr prus
resulted in a decline of 3.9% per year in the percentage of EOF explained by target PFASs over the
study period (p = 0.025). This implies that samples collected in more recent years have a larger fraction
of unknown EOF compared to older samples. The percentage of TF accounted for by EOF also increased
significantly (2.2%/year) indicating that, collectively, known and unknown PFAS make up a larger

percentage of TF in more recent years. Overall these findings corroborate observations in human plasma

13



from Miinster, Germany, which also showed an increasing proportion of unidentified organofluorine in

samples collected after the year 2000.°

Suspect screening

A total of 5 exact masses not included the our target list matched substances in our database
within 5 ppm mass error. However, inspection of MS2 data for these features ruled out all five
tentative assignments. This result was not completely surprising, given the overall low PFAS
concentrations in this population. Despite the absence of a positive identification, it is germane
to note that NTA data is amenable to retrospective mining. As PFAS databases are further
developed, the present dataset can be re-processed without re-analysing any samples. The cost-
and time-savings associated with retrospective mining (as opposed to sample re-analysis)

represents a considerable advantage for NTA-based workflows.

Non-target time trend screening

Using prioritization strategy A, four targets (PFBS, PFNA, PFDA and PFTriDA) and three
unidentified features (neutral masses 422.2307, 396.2066, and 436.3554) displayed time trends
matching that of PFHxS (Spearman’s rho > 0.5; table 3). Unfortunately, MS2 data were not
collected for the unidentified features, precluding structural elucidation of these substances.
Nevertheless, it is notable that feature A2 (neutral mass 396.2066) displayed a chlorine isotope
pattern. Previously Rotander et al. reported CI-PFHXS in Australian firefighters who were
exposed to AFFF, but the exact mass of CI-PFHxS did not match that of feature A2.!" While we
cannot confirm that any of the unidentified features were fluorinated, the consistency of their

time trends to PFHXS is notable, and warrants further investigation.
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Figure 1. Average sum PFAS concentrations measured for each year in pooled human serum for PFASs detected in >30% of all samples. Concentrations below
LOQs were replaced with 0.
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Figure 2. Temporal trends of individual PFAS (in units of ng F/g blood serum). Curves represent significant (p < 0.05) log-linear (red), and change-point (green)
trends.
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Table 1. Composition of the pooled serum samples used in the present study.

Sampling year N No of pools N in each pool Age (yrs)®
mean (range)
1996 19 3 6-7 30 (21-41)
1997 62 3 20-21 28 (21-37)
1998 74 3 24-25 29 (21-35)
1999 17 3 5-6 27 (21-31)
2000 20 2 10 30 (21-37)
2001 9 1 9 29 (22-35)
2002 31 3 10-11 30 (24-37)
2004 32 3 10-11 29 (20-34)
2006 30 3 10 30 (19-40)
2007 29 3 9-10 30(21-39)
2008 30 3 10 29 (20-35)
2009 30 3 10 29 (22-39)
2010 30 3 10 30 (20-41)
2011 29 3 9-10 30 (21-38)
2012 30 3 10 29 (21-38)
2013 30 3 10 29 (22-39)
2014 30 3 10 30 (20-38)
2015 30 3 10 30 (22-38)
2016 30 3 10 30 (24-36)
2017 30 3 10 29 (21-34)

*Total number of serum samples from the specific sampling year.

"Mean age of the women donating blood during the specific sampling year.
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Table 2. Summary of time trend analysis. Ny and Yrs indicates the number of samples and number of years, respectively, used in the time trend analysis; Year
refers to the range of years included; Trend (%) refers to the annual percent change in concentrations identified from the log-linear regression; 95% C.I. refs to
the 95% confidence interval of the trend; P(LR) is the p-value associated with the linear regression; YRQ: years required to detect an annual change of 10%
with a power of 80%; LDT: lowest detectable trend (% per year) for a 10 years period with the current between-year variation at a power of 80%; CP refers to
the year of the change point; P(CP) refers to the P-value of the change point.

Log-linear regression statistics Change-point statistics
Target Nitot Yrs Year  Trend (%) 95% C.I. P(LR) YRQ LDT CP P(CP)
PFBA 56 20 96-17 -3.8 (-9.6,2.4) 0.3916 35 50 2000 0.0381
PFHxA 57 20 96-17 -2 (-3.6,-.39) 0.0498 15 10 2000 0.4985
PFHpA 57 20 96-17 -5.2 (-6.4,-3.9) <0.0001 13 7,9 2004 0.0077
PFOA 57 20 96-17 -4.9 (-5.6,-4.1) <0.0001 9 4.4 2002 0.0002
PFOA-br 57 20 96-17 -12 (-13,-11) <0.0001 15 9,8 2011 0.0537
PFNA 57 20 96-17 1.7 (.75,2.7) 0.0193 10 5,4 2007 <0.0001
PFDA 57 20 96-17 3 (1.9,4.1) 0.0009 11 6,3 2004 0.0001
PFUnDA 57 20 96-17 2.4 (1.5,3.4) 0.0005 11 5,5 2008 0.0011
PFTriDA 57 20 96-17 0.16 (-2.0,2.3) 1 18 13 2009 <0.0001
PFBS 56 20 96-17 -0.57 (-2.3,1.2) 0.6718 16 11 2007 0.0005
PFHxS 57 20 96-17 3.6 (2.2,5.1) 0.0017 13 8,2 2011 0.0001
PFHxS-br 57 20 96-17 1.9 (-.08,3.9) 0.2375 17 12 2010 <0.0001
PFOS 57 20 96-17 -8.4 (-9.0,-7.8) <0.0001 9 3,9 2001 <0.0001
PFOS-br 57 20 96-17 -9 (-9.8,-8.3) <0.0001 10 48 2001 <0.0001
FOSAA 57 20 96-17 -6.5 (-7.5,-5.4) <0.0001 12 6,4 2004 <0.0001
FOSAA-br 57 20 96-17 =27 (-30,-23) <0.0001 31 37 2007 0.0017
EtFOSA 57 20 96-17 -16 (-18,-15) <0.0001 17 13 2009 0.0279
MeFOSAA 57 20 96-17 -28 (-30,-26) <0.0001 22 19 2011 0.0001
EtFOSAA 57 20 96-17 -8 (-12,-4.2) 0.0041 27 28 2004 0.1034
6:2 FTS 57 20 96-17 -9.6 (-12,-6.9) 0.0005 22 19 2004 <0.0001
8:2 FTS 56 20 96-17 -3.8 (-9.6,2.4) 0.3916 35 50 2000 0.0381
EOF 19 12 96-16 -0.86 (-3.4,1.7) 0.5261 19 17 2004 0.6944
TF 57 20 96-17 -3.2 (-4.5,-1.8) 0.0033 13 8,3 2008 0.6517
PFAS 57 20 96-17 -5.4 (-6.0,-4.8) <0.0001 8 3,7 2001 0.0001
% EOF explained by PFAS 19 12 96-16 -3.9 (-6.7,-1.1) 0.0252 21 19 2000 0.1585
% TF explained by PFAS 57 20 96-17 23 (-3.8,-.70) 0.0409 15 9,7 2009 0.1148
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Table 3. Features selected matching the trend of PFHxS. Table includes feature identification number
(ID), exact mass of the neutral species, spearman’s rho (p), retention time (RT; min), and a comment
regarding the identity of the feature and/or elements of the mass spectra which provide clues to the
identity of the feature.

.e

Trend matching PFHxS (p>0.5)

ID E():l aecl:tl::;)s s p (Il:;l;l) Comment
Al | 4222307 |0.63 | 3.84

A2 | 3962066 |0.58 | 7.16 CL;?;;’III’G
A3 | 4363554 |0.56 | 9.60

A4 | 4639702 |0.65| 554 | PFNA
A5 | 299.9503 | 0.65 | 3.76 PFBS
A6 | 6639577 |0.61 | 727 | PFTriDA
A7| 5139667 |0.54 | 6.00 | PFDA
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Targeted method validation, intercomparison, and ongoing QC

Method B

Extraction and clean up

0.5 g serum was pre-weighed into a 13 mL PP-centrifuge tube. The serum sample was then spiked with
a mixture of isotopically labeled standards (50 pL at 10 pg/uL) in MeOH. A volume of 4 mL of ACN
was added and the sample was subsequently vortex mixed for 30 seconds. The sample was
ultrasonicated for 15 minutes at room temperature and then centrifuged for 10 min at 3000 rpm. The
supernatant was transferred into a new 13 mL PP-tube. The extraction procedure was repeated with 4
mL acetonitrile and the combined extracts were concentrated to 1 mL using a TurboVap evaporator
(Biotage).

Cleanup of the extract was carried out using 25 mg ENVI-Carb and 50 pl glacial acetic acid in an
eppendorf tube. The concentrated extracts were transferred to the eppendorf tubes and vortex-mixed
thoroughly for 30 seconds and then centrifuged at 10000 rpm for 10 min. 500 uL. was transferred to a
clean eppendorf tube. 50 ul recovery standard (*Cs-PFOS and "*Cs-PFOA at 10 pg/ul) was added
together with 200 pul 4 mM NH4OAc in water. 200 puL was transferred to a 300 pl autosampler vial (PP)
for instrumental analysis.

Instrumental analysis

All extracts were analyzed by ultra-performance liquid chromatography coupled to tandem mass spectrometer
(UPLC/MS/MS). The UPLC was an Acquity UPLC system (Waters) equipped with a BEH C18 (1.7 um particles,
50 x 2.1 mm) analytical separation column (Waters). A volume of 5 pL extract was injected in the partial loop
injection mode. Mobile phase A consisted of 90% water and 10% acetonitrile with 2 mM ammonium acetate while
Mobile phase B consisted of 99% acetonitrile and 1% water with 2 mM ammonium acetate. A gradient elution
with a flow rate of 0.4 mL/min was applied. The initial conditions were 90% of solvent (A) and 10% of solvent
(B). The percentage of B was linearly increased to 100% from injection to 5 min and held at 100% B until 7.5 min.
Initial conditions at 90% A 10% B were regained at 8 min and held until 10 min for column equilibration.The
detection system was a Xevo-TQS triple quadrupole mass spectrometer (Waters), operated in negative
electrospray ionization (ESI") mode. The following instrumental parameters were used: Capillary voltage 1.0 kV,
source temperature 150°C, desolvation temperature 350°C, desolvation gas flow 650 L/h and cone gas flow
150 L/h. The mass spectrometer was operated in multiple reaction monitoring mode (MRM).

Method C

Extraction and clean up

0.5 g serum was pre-weighed into a 13 mL PP-centrifuge tube. The serum sample was then spiked with
a mixture of isotopically labeled standards (50 pL at 10 pg/uL) in MeOH. A volume of 3 mL of AcN
was added and the sample was subsequently vortex mixed for 30 seconds. The sample was
ultrasonicated for 15 minutes at room temperature and then centrifuged for 10 min at 3000 rpm. The
supernatant was transferred into a new 13 mL PP-tube. The extraction procedure was repeated with
3 mL acetonitrile and the combined extracts were concentrated to 1 mL using a TurboVap evaporator
(Biotage). 9 mL of HPLC grade water was added. The extract was vortex mixed thoroughly.

For extract cleanup, an OASIS WAX SPE column (6 cc, 150 mg sorbent, 30 um particles) (Waters,
Milford, USA) was washed and conditioned with 6 ml 1% ammonium hydroxide solution in methanol,
6 ml methanol, and 6 ml water. The sample extract was ultrasonicated for 5 min before loading onto
the SPE column. The column was then washed with 1 mL 2% formic acid in HPLC grade water and
then with 2 mL of HPLC grade water (discarded). The column was allowed to run dry. The target
compounds were eluted stepwise, first with 1 mL MeOH (Fraction 1, containing the neutral targets) and
then washed with 2 mL MeOH (discarded). Then with 4 mL 1% NH4OH in MeOH (Fraction 2,
containing the ionic targets). 150 pl of Fraction 1 was transferred 300 ul autosampler vial (PP) and 50
ul recovery standards (*Cs-PFOS and "*Cs-PFOA at 10 pg/ul) was added. Fraction 2 was evaporated
to near dryness and resolved in 150 uL. MeOH and 50 pl recovery standard ('*Cs-PFOS and *Cs-PFOA
10 pg/ul) was added. The final extract was vortex mixed and ultrasonicated for 5 minutes and then
transferred to a 300 ul autosampler vial (PP) for instrumental analysis.

Instrumental analysis
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All extracts were analyzed by ultra-performance liquid chromatography coupled to tandem mass spectrometer
(UPLC/MS/MS). The UPLC instrumentation was an Acquity UPLC system (Waters) with a BEH C18 (1.7 pum
particles, 50 x 2.1 mm) analytical separation column (Waters). A volume of 5 uL extract was injected in the
partial loop injection mode. The mobile phases used had the composition; Mobile phase A 95% water and 5%
acetonitrile with 2 mM ammonium acetate and 5 mM methyl piperidine (1-MP) and Mobile phase B 75%
methanol, 20% acetonitrile and 5% water with 2 mM ammonium acetate and 5 mM 1-MP. A gradient elution with
a flow rate of 0.3 mL/min was applied. The initial conditions were 90% of solvent (A) and 10% of solvent (B).
The percentage of B was linearly increased to 100% from injection to 5 min and held at 100% B until 7 min.
Initial conditions at 90% A were regained at 7.5 min and held until 11 min for column equilibration. The detection
system was a Xevo-TQS triple quadrupole mass spectrometer (Waters), operated in negative electrospray
ionization (ESI") mode. The following instrumental parameters were used: Capillary voltage 3.0 kV, source
temperature 150°C, desolvation temperature 350°C, desolvation gas flow 650 L/h and cone gas flow 150 L/h. The
mass spectrometer was operated in multiple reaction monitoring mode (MRM).
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Table S1: List of target ions with formula and internal standard (IS). Marked in white if authentic standards
were available, in blue if otherwise.

COMPOUND FORMULA MASS [DA] IS
PFBA C4F702 2129786 MA4PFBA
PFPeA C5F902 262.9754 M2PFDoDA
PFHxA C6F1102 312.9722 M4PFHpA
PFHpA C7F1302 362.969 M4PFHpA
PFOA C8F1502 412.9658 MA4PFOA
C8F1502 412.9658 M4PFOA
PFNA C9F1702 462.9626 M5PFNA
PFDA C10F1902 512.9594 M2PFDA
PFUnDA C11F2102 562.9562 M2PFUnDA
PFDoDA C12F2302 612.953 M2PFDoDA
PFTriDA C13F2502 662.9498 M2PFDoDA
PFTeDA C14F2702 712.9466 M2PFDoDA
C15F2902 762.9434  M2PFDoDA
PFHxXDA C16F3102 812.9402 M2PFDoDA
PFOcDA C18F3502 912.9338 M2PFDoDA
PFBS C4F903S 298.9424  1802-PFHxS
C5F1103S 348.9392  1802-PFHxS
PFHxS C6F1303S 398.936  1802-PFHxS
C6F1303S 398.936  1802-PFHxS
C7F1503S 448.9328 MA4PFOS
C7F1503S 448.9328 M4PFOS
C8F1703S 498.9296 MA4PFOS
C8F1703S 498.9296 M4PFOS
CI9F1903S 548.9264 MA4PFOS
CI9F1903S 548.9264 MA4PFOS
CI10F2103S 598.9232 M4PFOS
CI9F1903S 548.9264 MA4PFOS
CI11F2303S 648.92 M4PFOS
HFPO-DA C6F1103 328.9671 M3HFPO-DA
NaDONA C7F12HO4 376.9683 MA4PFOA
9CI-PF30ONS C8CIF1604S 530.895 M2PFDA
11CI-PF30UdS C10CIF2004S 630.8886 M2PFDA
3:3 FTA (FPrPA) C6F7H402 241.0099 M2PFHxA
5:3 FTA (FPePA) C8F11H402 341.0035 M4PFOA
7:3 FTA (FHpPA) CI10F15H402 440.9971 M2PFDA
4:2 FTS C6F9H403S 3269737 M2 6:2 FTS
6:2 FTS C8F13H403S 426.9673 M2 6:2 FTS
8:2 FTS CI10F17H403S 526.9609 M2 6:2 FTS
FOSA C8F17HNO2S 497.9456 MSFOSA
C8F17HNO2S 497.9456 MS8FOSA
MeFOSA C9F17H3NO2S 511.9613  d3-MeFOSA
EtFOSA CI10F17H5NO2S 525.9769  dS-EtFOSA
FOSAA CI10F17H3NO4S 5559511 d3-MeFOSAA
CI10F17H3NO4S 5559511 d3-MeFOSAA
MeFOSAA C11F17H5NO4S 569.9667 d3-MeFOSAA
EtFOSAA CI12F17H7NO4S 583.9824  dS-EtFOSAA
MeFOSE C9F17H5NOS 497982  d3-MeFOSA
EtFOSE CI10F17H7NOS 511.9977  d5-EtFOSA
4:2 diPAP CI12F18H804P 588.9872 M4 6:2/6:2 diPAP
6:2 diPAP C16F26H804P 788.9744 M4 6:2/6:2 diPAP
6:2/8:2 diPAP C18F30H804P 888.968 M4 8:2/8:2 diPAP
C20F34H804P 988.9616 M4 8:2/8:2 diPAP
8:2 diPAP C20F34H804P 988.9616 M4 8:2/8:2 diPAP
C22F38H804P 1088.955 M4 8:2/8:2 diPAP
C22F38H804P 1088.955 M4 8:2/8:2 diPAP
10:2 diPAP C24F42H804P 1188.949 M4 8:2/8:2 diPAP
C24F42H804P 1188.949 M4 8:2/8:2 diPAP
C24F42H804P 1188.949 M4 8:2/8:2 diPAP
__4:2 monoPAP C6F9H504P 342.9782 M2 6:2 mono PAP
6:2 monoPAP C8F13H504P 4429718 M2 6:2 mono PAP
8:2 monoPAP C10F17H504P 542.9654 M2 8:2 mono PAP
10:2 monoPAP CI12F21H504P 642.959 M2 8:2 mono PAP
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Table S2: Scan parameter, HESI source and acquisition set-up used for the UHRMS Orbitrap Q Exactive HF.

SCAN PARAMETERS

Scan type Full MS / ddMS2

Scan range 200 to 1200.0 m/z
Fragmentation None or NCE(35) (z=1)
Resolution 120000 / 15000

Polarity Negative
AGC target 3e6 /2e5
Maximum inject time 250/30
HESI SOURCE
Sheath gas flow rate 30

Aux gas flow rate 10
Sweep gas flow rate 0

Spray voltage (|kV|) 3.70

Spray current (nA)
Capillary temp. (°C) 350
S-lens RF level 55.0

Aux gas heater temp (°C) 350
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Table S3:  Compound Discoverer settings for suspect screening on negative mode

PREDICT COMPOSITIONS
Lower RT Limit 0.5 Prediction Settings

Uppper RT Limit 15 Mass Tolerance 5 ppm

Min Precursor Mass 200 Da Min Element Counts C

Max Precursor Mass 1200 Da Max Element Counts C90 H190 Br10
Total Intensity Threshold 6000 CI10 F30 N10 O15
Align Retention Times P2 S5

Alignment Model Adaptive Curve Min RDBE -1

Mass Tolerance 5 ppm Max RDBE 40

Maximum Shift [min] 0.5 Min H/C 0.1
Max H/C 3
Max # Candidates 15

Mass Tolerance 5 ppm

Intensity Tolerance [%] 30 Intensity Tolerance [%] 30
S/N Tolerance 20 Intensity Threshold [%] 0.1
Min Peak Intensity 1500000 S/N Threshold 3
Ions [M-H]-1 Min Spectral Fit [%] 10
Min Element Counts C Min Pattern Cov. [%] 90
Max Element Counts C90 [13]C15 H190 Use Dynamic True

Br10 Cl110 D15 F50  Recalibration

K2 N10NaOl15P Search Mass Lists

Consider Retention Time  False

S5
Mass Tolerance 5 ppm
Filter Peaks True mzCloud search

Max Peak Width [min] 1 Compound Classes All

Remove Singlets False Match Ion Activation False

Min # Scans per Peak 5 Type

Min # Isotopes 1 Match lona Activation Match with
GROUP UNKNOWN COMPOUNDS Energy Tolerance

Compound Consolidation Ion Activation Energy 40

Mass Tolerance 5 ppm Tolerance

RT Tolerance [min 0.2 Apply Intensity Threshold True

Fragment Data Selection Precursor Mass Tolerance 5 ppm

Preferred Ion [M-H]-1 FT Fragment Mass 10 ppm

Fill Gaps Tolerance

Mass Tolerance 5 ppm Identity Search HighChem

S/N Threshold 5 HighRes

Use Real Peak Detection  True Similarity Search None

Mark Background Compounds Match Factor Threshold 50

Max Sample/Blank 5
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Table S4:

spike/recovery experiments.

COMPOUND
PFBA
PFPEA
PFHXA
PFHPA

PFDA
PFUNDA
PFDODA
PFTRIDA
PFTEDA
PFHXDA
PFOCDA
PFBS

PFHXxS

PFOS

PFDS
HFPO-DA
NADONA
9CL-PF30NS
11CL-PF30UDS

3:3FTA
(FPRPA)

5:3FTA
(FPEPA)

7:3FTA
(FHPPA)

4:2 FTS

6:2 FTS
8:2FTS
FOSA
MEFOSA
ETFOSA
FOSAA
MEFOSAA
ETFOSAA
MEFOSE
ETFOSE

4:2 DIPAP

6:2 DIPAP

8:2 DIPAP
6:2/8:2 DIPAP
10:2 pIPAP
4:2 MONOPAP
6:2 MONOPAP
8:2 MONOPAP
10:2 MONOPAP

MEAN £SD [%]

146.5+19.8
68.5+7.9
94.4 + 3.5
91813
915 +3.2
929+ 3
103.6 + 2.5
104.6 + 1.7
110+ 2.6
154.4 + 14.8
147.6 £ 6.2
132.8 + 16
117.1+9.5
768+ 1.4
935+24
85.2+11.3
8775
58.7 £117.5
751+ 1.6
80.4+5.1
88313
56.9 £+ 3.5

46.7 £ 2

50.1+ 4.3

834+ 44
91+38
1114+ 3.4
943+ 1.6
94.8 + 2.7
945+ 2.4
62.4+15.8
915+ 4
90.9 + 8.6

84.8 + 6.2

94.6 £ 5.2
97.5% 2.5
55.8+10.5
215+ 6.6

(60
13.5
11.5
3.7
3.3
3.5
3.3
2.4
1.6
2.3
9.6
4.2
12
8.1
1.8
2.6
13.2
5.7
200
2.1
6.4
3.4
6.2

4.4

8.7

5.2
4.1
3.1
1.7
29
2.5
25.4
4.4
9.5

7.3

STANDARD
M4PFBA
M3PFPEA
M2PFHXA
M4PFHPA

M4PFOA
MS5PFNA
M2PFDA

M2PFUNDA
M2PFDODA

1802-PFHXS
MA4PFOS

M3HFPO-DA

MEAN £SD [%]
59+138
194+ 4.2
34.6 £ 6.8
919 + 16.7
67.1+10.6
62.5+11
76.7 +14.7
62.8 £ 13.6
58.7 +13.1

65.2+10
83.1+13.4

0+0

Mean and standard deviation (mean# sd [%]) and coefficient of variation (CV [%]) for

CvV
30.3
21.6
19.7
18.2
15.8
17.7
19.2
21.6
22.3

15.3
16.1

228.9
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Table S5: Comparison of NIST certified reference material 1957.

COMPOUND GEBBINK THIS STUDY NISTCERT YEUNG
PFHpA 0.20000 0.22289 0.30500 0.19800
PFOA 3.86000 4.32928 5.00000 4.10000
PFNA 0.72000 0.77379 0.88000 0.76400
PFDA 0.24000 0.23785 0.39000 0.29300
PFUnDA 0.11000 0.11702 0.17400 0.11800
PFDoDA 0.01700 0.00967

PFTriDA 0.00900 0.00562

PFHxS 3.25000 3.40422 4.00000 4.14000
PFOS 10.70000 11.25217

PFOS-br 7.89000 7.30776

tot-PFOS 18.50000 18.55993  21.10000 19.30000
tot-FOSA 0.02900 0.00325




Table S6: Comparison of percent recoveries (2.5ng of each PFAS) for Methods A, B, and C. NA-
spike/recovery experiment was not carried out either due to an absence of standard or because the
target was not measured as part of the method.

PERCENT RECOVERIES IN SPIKED SAMPLES CORRELATION COEFFICIENTS,
METHOD A METHOD B METHOD C UNSPIKED SAMPLES (N=20)

TARGET QC-1 QC2 QC1 QC2 QC1 QC2 AvsB  AvsC BvsC
PFBA 102 102 139 137 118 127

PFPeA 103 106 104 96 115 106

PFHXA 105 106 109 103 112 97

PFHpA 106 103 107 94 108 100

PFOA 102 106 124 129 126 103 0,93 0,97 0,90
PFOA-br NA NA NA NA NA NA

PFNA 109 108 107 104 113 101 0,80 0,95 0,71
PFDA 106 108 103 126 107 110 0,81 0,97 0,84
PFUNDA 109 106 118 123 113 103 0,75 0,99 0,58
PFDoDA 107 104 112 134 109 115

PFTriDA 114 112 138 150 56 57

PFTeDA 120 116 130 143 22 25

PFPeDA NA NA NA NA NA NA

PFHXDA 132 119 NA NA NA NA

PFOcDA 96 88 NA NA NA NA

PFBS 85 84 99 96 96 91 0,92

PFPeS NA NA NA NA NA NA 0,89

PFHxS 103 103 141 136 112 109 0,99 1,00 0,98
PFHxS-br 0,98 0,98 0,91
PFHpS NA NA NA NA NA NA

PFOS 95 106 92 100 143 137 0,94 0,99 0,93
PFOS-br NA NA NA NA NA NA 0,94 0,99 0,91
PFNS NA NA NA NA NA NA

PFDS 102 102 125 143 74 76

PFDS-br NA NA NA NA NA NA

PFUNDS NA NA NA NA NA NA

NaDONA 79 86 112 126 NA NA

9CI-PF30NS 90 96 133 138 102 113

11CI-PF30UdS 91 93 139 149 NA NA

?F3PrFPT AA) 84 85 59 75 NA NA

:Fi,eFPT :‘) 84 86 84 72 NA NA

(7%3,‘:) 79 75 93 67 NA NA

4:2 FTS 68 68 93 109 11 80

6:2 FTS 117 115 110 112 449 144

8:2 FTS 132 138 191 157 7 72

FOSA 113 112 122 139 120 123

FOSA-br NA NA NA NA NA NA

MeFOSA 104 107 NA NA 107 108

EtFOSA 114 109 NA NA 114 119
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Continued on next page

Table S6
continued

TARGET QC-1 QC-2 QC-1 QC-2 QC-1 QC-2 AvsB AvsC BvsC
FOSAA 69 33 58 24 126 120

MeFOSAA 122 114 127 126 118 113

EtFOSAA 100 122 124 116

MeFOSE 87 89 NA NA NA NA

EtFOSE 106 96 NA NA NA NA

4:2 diPAP NA NA NA NA 197 196

6:2 diPAP 116 112 166 147 114 116

6:2/8:2 diPAP 162 188 143 169 34 36

8:2 diPAP 113 124 116 104 112 96

10:2 diPAP NA NA NA NA 85 191

4:2 monoPAP NA NA NA NA 48 56

6:2 monoPAP NA NA NA NA 133 137

8:2 monoPAP NA NA NA NA 212 184

10:2 monoPAP NA NA NA NA 146 126
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Table S7: Comparison of limits of quantification for each method

PFBA
PFPeA
PFHxA
PFHpA
PFOA
PFOA-br
PFNA

PFDA
PFUnDA
PFDoDA
PFTriDA
PFTeDA
PFPeDA
PFHxDA
PFOcDA
PFBS

PFPeS
PFHxS
PFHxS-br
PFHpS
PFOS
PFOS-br
PFNS

PFDS
PFDS-br
PFUnDS
9CI-PF30NS
11CI-PF30UdS
HFPO-DA
NaDONA

3:3 FTA
(FPrPA)

5:3 FTA
(FPePA)

7:3
FTA(FHpPA)
4:2 FTS

(A UN

8:2 FTS

| TO Y.\
FOSA-br
MeFOSA
EtFOSA
FOSAA
MeFOSAA
EtFOSAA
MeFOSE
EtFOSE

4:2 diPAP
6:2 diPAP
6:2/8:2 diPAP
8:2 diPAP
10:2 diPAP
4:2 monoPAP
6:2 monoPAP
8:2 monoPAP
10:2 monoPAP

METHOD
ALOQ

Nd

0,008
0,008
0,008
0,008
0,1396
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,007
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,008
0,03
0,008
0,008

0,008
0,008

0,008
0,181
0,008
0,008
0,008
0,008
0,008
0,009
0,009
0,008
0,008
0,008

0,009
0,008
0,008
0,341

METHOD B
500,
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09
0,09

0,07
0,08
0,08
0,08
0,08
0,08
0,08
0,08
0,08
0,08
0,08
0,09

0,3
13,5
0,09
1,04

0,3
0,09

0,3
0,3
0,3
0,09
0,09

0,3
0,09
0,3

0,31
0,3
0,3

METHOD
CLOQ

0,3
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

0,1

0,1
0,1

0,1
0,1

0,1
0,1

0,1

0,1
43
0,1
0,1
0,1
0,1
0,1
0,1
0,1
0,1

0,4
0,1
0,1
0,1
3,5
1,1
0,3
0,3
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Table S8: Concentration [ng/g] in serum samples and LOQs for PFCAs.

PooOL X-YEAR PFBA PFPEA PFHXA PFHpPA PFDA PFUNDA PFDODA PFTRIDA PFTEDA PFHXDA PFOCDA
I8 H0900192  Pool 25-1996 <LOQ  <LOQ  <LOQ 0.038 2405 0.054 0394 0.132 0.188 <LOQ 0.041 <LOQ <LOQ <LOQ
2 H0900193 Pool 26-1996 <LOQ  <LOQ  <LOQ 0.036 3.483 0.091 0.383 0.156 0.178 <LOQ 0.034 <LOQ <LOQ <LOQ
&N H0900194 Pool 27-1996 <LOQ  <LOQ  <LOQ 0.040 3329 0.071 0.512 0.165 0.171 <LOQ <LOQ <LOQ <LOQ <LOQ
‘8 0900168 Pool 1-1997 <LOQ  <LOQ 0.016  0.070 3.365 0.139 0367 0.161 0.178 <LOQ 0.038 <LOQ <LOQ <LOQ
S H0900169 Pool 2-1997 <LOQ  <LOQ 0.038  0.060 2904 0.093 0304 0.150 0.136 <LOQ <LOQ <LOQ <LOQ <LOQ
(Y H0900170 Pool 3-1997 <LOQ  <LOQ 0.030 0.041 3216 0.080 0408 0.163 0.170 <LOQ <LOQ <LOQ <LOQ <LOQ
78 H0900171 Pool 4-1998  0.666 <LOQ 0.029  0.058 3.116 0.089 0403 0.177 0.166 <LOQ <LOQ <LOQ <LOQ <LOQ
N H0900172 Pool 5-1998 0.085 <LOQ 0.021  0.043 3210 0.084 0383 0.172 0.190 <LOQ <LOQ <LOQ <LOQ <LOQ
UN H0900173 Pool 6-1998 0.050 <LOQ  <LOQ 0.044 3.023  0.065 0.350 0.159 0.178 <LOQ <LOQ <LOQ <LOQ <LOQ
I8 H0900195 Pool 28-1999 <LOQ  <LOQ  <LOQ 0.032 2.787 0.062 0280 0.111 0.131 <LOQ <LOQ <LOQ <LOQ <LOQ
iI58 H0900196 Pool 29-1999 <LOQ  <LOQ  <LOQ 0.037 4263 0.072 0384 0.151 0.183 <LOQ 0.038 <LOQ <LOQ <LOQ
iPA H0900197 Pool 30-1999 0.012 <LOQ  <LOQ 0.072 3.362 0.068 0.411 0.136 0.209 <LOQ 0.044 <LOQ <LOQ <LOQ
IkN H0900174 Pool 7-2000 0.071 <LOQ 0.016 0.040 3.747 0.076 0482 0232 0.267 <LOQ 0.047 <LOQ <LOQ <LOQ
N H0900175 Pool 8-2000 0.040 <LOQ 0.016 0.042 3280 0.059 0423 0.172 0.175 <LOQ <LOQ <LOQ <LOQ <LOQ
I8 H0900176 Pool 9-2001  0.038 <LOQ 0.028  0.041 3.065 0.048 0.508 0.280 0.291 <LOQ 0.052  <LOQ <LOQ <LOQ
[ H0900177  Pool 10-2002  0.046 ~LOQ 0.015 0.039 2.806 0.052 0.433 0.231 0218 <LOQ 0.039 <LOQ <LOQ <LOQ
YA H0900178  Pool 11-2002  0.036  <LOQ 0.014 0.086 3.564 0.066 0.528 0273 0.243 <LOQ 0.049 <LOQ <LOQ <LOQ
L8 H0900179  Pool 12-2002  0.046  ~LOQ 0.016  0.044 3769 0.072 0.489 0.236 0.250 <LOQ 0.049 <LOQ <LOQ <LOQ
LA H0900180 Pool 13-2004  0.027 <LOQ 0.016  0.061 2.681 0.043 0.632 0.338 0.307 <LOQ 0.052  <LOQ <LOQ <LOQ
»JII8 H0900181  Pool 14-2004  0.019 ~LOQ 0.016  0.042 2541 0.042 0512 0279 0272 <LOQ 0.059 <LOQ <LOQ <LOQ
A8 H0900182 Pool 15-2004 0.016 <LOQ  <LOQ 0.064 2962 0.036 0.536 0.295 0229 <LOQ 0.050 <LOQ <LOQ <LOQ
M H0900183 Pool 16-2006 0.194 <LOQ  <LOQ 0.049 3.027 0.033 0.785 0.402 0.395 <LOQ 0.080 <LOQ <LOQ <LOQ
%M H0900184 Pool 17-2006  0.139  <LOQ 0.014  0.060 2661 0.044 0531 0229 0.188 <LOQ 0.050 <LOQ <LOQ <LOQ
8 H0900185 Pool 18-2006 <LOQ <LOQ  <LOQ 0.045 2373 0.038 0.548 0.263 0.250 <LOQ 0.049 <LOQ <LOQ <LOQ
I H0900186 Pool 19-2007 0.012 <LOQ  <LOQ 0.050 2.653  0.028 0.683 0.319 0.249 <LOQ 0.074 <LOQ <LOQ <LOQ
Ll H0900187 Pool 20-2007  0.090 <LOQ 0.025  0.051 2921 0.051 0.658 0.318 0277 <LOQ 0.053 <LOQ <LOQ <LOQ
vl H0900188  Pool 21-2007 <LOQ  <LOQ  <LOQ 0.027 1.895 0.018 0.555 0.305 0.286 <LOQ 0.076 <LOQ <LOQ <LOQ
A8 H0900189  Pool 22-2008  0.055 <LOQ 0.039  0.049 2501 0.034 0.794 0315 0.338 <LOQ 0.088 <LOQ <LOQ <LOQ
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Table S8 continued

Code Pool x-Year PFBA  PFPeA  PFHxA PFOA-br PFUnDA  PFDoDA  PFTriDA  PFTeDA  PFHxDA  PFOcDA

20 H0900190  Pool 23-2008 0.039 <LOQ  <LOQ  0.038 2235 0.040 0612 0306 0301 <LOQ 0065 <LOQ  <LOQ  <LOQ
SN HO0900191  Pool 24-2008  0.068 <LOQ  0.018  0.059 3582 0047 1.144 0630 0435 <LOQ 0.110 <LOQ  <LOQ  <LOQ
&M H1000035  Pool 1-2009 <LOQ <LOQ  <LOQ  <LOQ  1.806 0.020 0.595 0253 0277 <LOQ 0080 <LOQ  <LOQ  <LOQ
SN H1000036  Pool 2-2009  0.092 <LOQ  <LOQ  0.027 2.189 0.021 0610 0278 0295 <LOQ 0072 <LOQ  <LOQ  <LOQ
S0 H1000037  Pool 3-2009 0.099 <LOQ  <LOQ  0.027 2272 0025 0622 0273 0292 <LOQ 0085 <LOQ  <LOQ  <LOQ
SN H1000038  Pool 1-2010 <LOQ  <LOQ 0016  0.048 2722 0.027 1.004 0482 0435 <LOQ 0.120 <LOQ  <LOQ  <LOQ
S H1000039  Pool 2-2010 <LOQ  <LOQ  0.039  0.040 1523 0020 0549 0242  0.184 <LOQ 0037 <LOQ  <LOQ  <LOQ
S H1000040  Pool 3-2010 <LOQ  <LOQ  <LOQ  0.035 2138 0.035 0570 0272 0297 <LOQ 0074 <LOQ  <LOQ  <LOQ
/M H1200009 Pool 1-2011 <LOQ <LOQ  <LOQ 0031 2250 0023 0632 0348 0296 <LOQ 0093 <LOQ  <LOQ  <LOQ
SN H1200010  Pool2-2011 <LOQ  <LOQ  <LOQ  <LOQ 1504 0022 0511 0242 0319 <LOQ 0098 <LOQ  <LOQ  <LOQ
KON H1200011 Pool 3-2011 <LOQ <LOQ <LOQ  <LOQ 1761 0015 0.563 0293 0365 <LOQ 0097 <LOQ  <LOQ  <LOQ
"IN H1400025  Pool 1-2012 <LOQ  <LOQ  <LOQ  0.031 1.854 0019 0585 0277 0231 <LOQ 0041 <LOQ  <LOQ  <LOQ
IVl H1400026  Pool 2-2012 <LOQ <LOQ <LOQ  <LOQ  2.124 0014 0757 0398 0410 <LOQ 0084 <LOQ  <LOQ  <LOQ
N H1400027  Pool 3-2012 0028 <LOQ  <LOQ  <LOQ 1327 0008 0485 0232 0224 <LOQ  <LOQ <L0Q  <LO0Q  <LOQ
"N H1400028  Pool 1-2013 <LOQ  <LOQ  <LOQ  <LOQ  1.600 0.007 0.602 0363 0378 <LOQ 0077 <LOQ  <LOQ  <LOQ
PN H1400029  Pool 2-2013 <LOQ <LOQ  <LOQ  <LOQ 1754 0014 0519 0245 0218 <LOQ  <LOQ <L0Q  <LOQ  <LOQ
Y H1400030  Pool 3-2013 <LOQ  <LOQ 0039  0.025 1819 0015 0676 0329 0402 <LOQ 0054 <LOQ  <LOQ  <LOQ

EIN H1400031 Pool 1-2014 <LOQ <LOQ  <LOQ  <LOQ 1.475 0.007 0.582 0318 0.296 <LOQ <LOQ <LOQ <LOQ <LOQ
“WN H1400032 Pool 2-2014 <LOQ <LOQ <LOQ  <LOQ 1.613 0.017 0455 0.229 0.201 <LOQ <LOQ <LOQ <LOQ <LOQ
"t H1500001 Pool 3-2014 <LOQ <LOQ  0.014 <LOQ 1337 0.006 0.519 0307 0.295 <LOQ <LOQ <LOQ  <LOQ <LOQ
U8 H1600041 Pool 1-2015 <LOQ <LOQ <LOQ  <LOQ 1.349  0.007 0.536 0.302 0.302 <LOQ <LOQ <LOQ <LOQ <LOQ
~(IN H1600042 Pool 2-2015 <LOQ <LOQ  <LOQ  <LOQ 1.127  0.004 0.490 0.257 0.298 <LOQ <LOQ <LOQ <LOQ <LOQ
S0 H1600043 Pool 3-2015 <LOQ <LOQ <LOQ  <LOQ 1221 <LOQ  0.515 0.303 0.296 <LOQ <LOQ <LOQ <LOQ <LOQ
M H1700015 Pool 1-2016 <LOQ <LOQ  <LOQ  <LOQ 1.122  0.006 0.479 0.245 0.269 <LOQ <LOQ <LOQ <LOQ <LOQ
&N H1700016 Pool 2-2016 <LOQ <LOQ  <LOQ  <LOQ 1.258  0.009 0.498 0.283 0.281 <LOQ <LOQ <LOQ <LOQ <LOQ
N H1700017 Pool 3-2016 <LOQ <LOQ  <LOQ  <LOQ 1.068  0.005 0.444 0.223 0.265 <LOQ <LOQ <LOQ <LOQ <LOQ
S H1800017 Pool 1-2017 0.103 <LOQ  <LOQ  <LOQ 1.016  0.007 0.420 0.219 0.197 <LOQ <LOQ <LOQ <LOQ <LOQ
S H1800018 Pool 2-2017 0217 <LOQ  <LOQ  <LOQ 1430 0.018 0452 0.228 0.237 <LOQ <LOQ <LOQ <LOQ <LOQ
¥4 H1800019 Pool 3-2017 <LOQ <LOQ  <LOQ 0.031 1.568 0.011 0.541 0.304 0.242 <LOQ <LOQ <LOQ <LOQ <LOQ

LOQ final 0.004  0.004 0.014 0.025 0.026 0.004 0.010 0.026 0.004 0.058 0.034 0.117 0.187 0.026



Table S9: Concentration [ng/g] in serum samples and LOQs for PFCAs and sulfonamides

FOSAA-

POOL X-YEAR PFBS FOSA MEFOSA FOSAA - ETFOSA MEFOSAA ETFOSAA ETFOSE

I8 H0900192 Pool 25-1996  0.019  1.624  0.076 13.797 5446 <LOQ <LOQ <LOQ 0204  0.146 <LOQ 0.356 1.115 <LOQ
2l H0900193 Pool 26-1996  0.027 2322  0.127 16.185 7010 <LOQ <LOQ <LOQ 0209  0.144 <LOQ 0.328 0.822 <LOQ
<8 H0900194 Pool 27-1996  0.037  2.085  0.135 14.471 6.157 0.068 <LOQ <LOQ  0.201 0.129 <LOQ 0.184 0.741 <LOQ
“N H0900168 Pool 1-1997 0.022 2406  0.141 14.173 7258 <LOQ  0.028 <LOQ  0.192  0.153 <LOQ 0.479 0.859 <LOQ
<N H0900169 Pool 2-1997 0.023  1.848  0.107 13.393 6.644 0.041 <LOQ <LOQ  0.175 0.154 <LOQ 0.240 1.071 <LOQ
(M H0900170 Pool 3-1997 <LOQ  2.133  0.113 14.434 7.096 0.044 <LOQ <LOQ  0.152  0.123 <LOQ 0.254 0.626 <LOQ
78 H0900171 Pool 4-1998 0.024 1460 0.074 15.115 7.040 <LOQ <LOQ <LOQ  0.167  0.127 <LOQ 0.299 0.727 <LOQ
N H0900172  Pool 5-1998 0.023 2145  0.116 14323 6.744  0.046 <LOQ <L0Q  0.153 0.112 <LOQ 0.235 0.670 <LOQ
UM H0900173  Pool 6-1998 0.034 2483  0.151 13.963 6376 <LOQ <LOQ <LOQ  0.191 0.145 <LOQ 0.388 0.649 <LOQ
I[N H0900195 Pool28-1999  0.023 2.108  0.124 12.639 5969 <LOQ <LOQ <LOQ  0.150  0.118 <LOQ 0.654 0.634 <LOQ
108 H0900196 Po0l129-1999  0.026 3.661  0.195 14.551 6.648 <LOQ <LOQ <LOQ 0220  0.137 <LOQ 0.575 0.648 <LOQ
1V H0900197 Pool 30-1999  0.022 2.123  0.108 16.588 7249 <LOQ <LOQ <LOQ 0202  0.138 <LOQ 0.477 0.903 <LOQ
IKN H0900174 Pool 7-2000 0.033  3.090 0211 14313 6.146 <LOQ <LOQ <LOQ  0.089  0.063 <LOQ 0.361 0.294 <LOQ
I8 H0900175 Pool 8-2000 0.021 3743  0.195 14.697 7632 <LOQ <LOQ <LOQ  0.093 0.118 0.205 0.521 0.423 0.031
158 H0900176 Pool 9-2001 0.021  1.857  0.089 15.529 7.052 <LOQ <LOQ <LOQ  0.129  0.115 0.091 0.325 0.490 <LOQ
1IN H0900177 Pool 10-2002  0.020 2.679  0.140 11.185 5099 <LOQ <LOQ <LOQ  0.08  0.063 <LOQ 0.349 0.174 <LOQ
WA H0900178 Pool 11-2002  0.031  3.674  0.224 12.790 6.617 <LOQ <LOQ <LOQ  0.088  0.075 0.195 0.498 0.178 0.066
68 H0900179 Pool 12-2002  0.021  3.506  0.172 14.873 7137 <LOQ <LOQ <LOQ  0.145 0.108 0.132 0312 0.174 0.024
1N H0900180 Pool 13-2004  0.028 2.587  0.150 11.019 4731 <LOQ <LOQ <LOQ  <LOQ  <LOQ 0.182 0.161 0.061 <LOQ
I8 H0900181 Pool 14-2004  0.032 4248 0259 9817 4543 <LOQ  0.063 <LOQ <LOQ  <LOQ 0.691 0.114 0.103 <LOQ
A8 H0900182 Pool 15-2004 0.022 2225 0.134 8839 4639 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ 0.115 0.023 <LOQ
»H H0900183 Pool 16-2006  0.057 4.849 0329 11.251 5328 <LOQ <LOQ <LOQ  0.081 0.060 <LOQ 0.143 0.029 <LOQ
RN H0900184 Pool 17-2006  0.047 5805 0414  7.495 4138 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ 0.051 0.027 <LOQ
8 H0900185 Pool 18-2006  0.045 3.732 0277  6.670 3.513 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ 0.061 0.023 <LOQ
= H0900186 Pool 19-2007  0.033  4.503  0.267 8.018 4.034 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ 0.079 0.024 <LOQ
218 H0900187 Pool 20-2007  0.035 5.083 0314 10.330 5313 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ 0.053 <LOQ <LOQ
78 H0900188 Pool 21-2007  0.035  4.112  0.253  6.356 2956 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ 0.131 0.025 <LOQ
28 H0900189 Pool 22-2008  0.106 5253 0324  7.003 3.779 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ 0.068 <LOQ <LOQ
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Table S9 continued

CODE PooL X-YEAR PFHXS  PFHxS-br PFOS-br PFDS MeFOSA  FOSAA  FOsAA-br  EtFOSA  MeFOSAA  EtFOSAA EtFOSE

/A8 H0900190 Pool 23-2008 0290 4.527 0354  6.126 2.846 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ 0.076 0.017 <LOQ
R[N H0900191 Pool 24-2008  0.074 5654 0389  7.392 3.849 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ 0.051 0.009 <LOQ
<) H1000035 Pool 1-2009 0.033  3.831 0260 5318 2217 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ 0.038 0.007 <LOQ
<pA H1000036 Pool 2-2009 0.033  7.120 0394  5.652 2722 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
<kN H1000037 Pool 3-2009 0.037 4376 0290  5.966 2951 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ 0.025 <LOQ
<IN H1000038 Pool 1-2010 0.042 5145 0345  5.656 2530 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ 0.011 <LOQ
<58 H1000039 Pool 2-2010 0.038  3.657 0.257 3.237 1.663 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ 0.011 <LOQ
<[ H1000040 Pool 3-2010 0.049 10572 0533 5918 2977 <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
/M H1200009 Pool 1 -2011 0.027 5540 0.282 5.164 2.573 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<t H1200010 Pool 2 -2011 0.044 5941 0349 4482 1.906 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
<P H1200011 Pool 3 -2011 0.032 7364 0412 5.194 2.054 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
‘I8 H1400025 Pool 1-2012 0.036 4.024 0260 4211 2.145 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
38 H1400026 Pool 2-2012 0.030 4734 0286  5.488 2289 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
“yM H1400027 Pool 3-2012 0.019 3808 0.171  3.368 1495 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
‘%M H1400028 Pool 1-2013 <LOQ 5327 0226  4.028 1.573 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ 0.029 <LOQ <LOQ
‘28 H1400029 Pool 2-2013 0.029 5157 0255 3218 1.662 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ 0.008 <LOQ
‘SN H1400030 Pool 3-2013 0.027 5610 0275 4.837 1.798 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
‘I H1400031 Pool 1-2014 0.030 3392  0.161 3225 1312 <LOQ <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
“yM H1400032 Pool 2-2014 0.027 5.090 0.280  3.899 1.984 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ 0.052 0.004 <LOQ
‘W H1500001  Pool 3-2014 0.020 3339  0.140 3285 1.389 <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
‘PN H1600041 Pool 1-2015 0.019 3366 0.133 3273 1201 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
<[IN H1600042 Pool 2-2015 <LOQ  3.907 0.133 3318 1217 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
I8 H1600043 Pool 3-2015 <LOQ  3.164 0.110  3.027 1.148 <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
<A H1700015 Pool 1-2016 <LOQ 5493  0.189 3.171 1.303  <LOQ  <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
~kN H1700016 Pool 2-2016 0.022 3412 0.142 3.425 1.294 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<8 H1700017 Pool 3-2016 0.021 4.062 0.138  3.156 1329 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<~ H1800017 Pool 1-2017 <LOQ  2.173  0.064 2.859 1.004 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<[ H1800018 Pool 2-2017 0.022  2.695  0.091 2.867 1.018 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<78 H1800019 Pool 3-2017 0.023 4233  0.136 2.601 1.149 <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

100N EIM 0018 0.027 0.001 0.044 0.001  0.033  0.027 0.040 0.075 0.001 0.029 0.027 0.004 0.015
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Table S10: Concentration [ng/g] in serum samples and LOQs for FTAs, FTSs, F53B, monoPAPs, diPAPs, HFPO-DA and NaDONA.

POOL X-YEAR PF;)%LS? PF3(1)ISDLS' NADONA  HFPO-DA (3F:1§ ]fPT:) (SF:; EFPT:) (;:1 PFPTS 4:2FTS  6:2FTS 8:2FTS  6:2DIPAP  6:2/8:2DIPAP  8:2DIPAP
8 H0900192 Pool 25-1996 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.020 <LOQ <LOQ <LOQ <LOQ
2 H0900193  Pool 26-1996 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <L0Q  <LOQ  0.031 <LOQ <LOQ <LOQ <LOQ
<N H0900194 Pool 27-1996 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  0.002  0.022 <LOQ <LOQ <LOQ <LOQ
c8 H0900168 Pool 1-1997 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <L0Q  <LOQ  0.026 <LOQ <LOQ <LOQ <LOQ
=N H0900169 Pool 2-1997 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  0.004  0.022 <LOQ <LOQ <LOQ <LOQ
2 H0900170 Pool 3-1997 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <100 0.037  0.022 <LOQ <LOQ <LOQ <LOQ
78 H0900171 Pool 4-1998 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LO0Q  0.015 0.035 <LOQ <LOQ <LOQ <LOQ
.8 H0900172  Pool 5-1998 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.006  0.041 <LOQ <LOQ <LOQ <LOQ
A H0900173  Pool 6-1998 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.034 <LOQ <LOQ <LOQ <LOQ
(8 H0900195 Pool 28-1999 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <L0Q  <LOQ  0.027 <LOQ <LOQ <LOQ <LOQ
f8 H0900196 Pool 29-1999 <L0Q  <LOQ  <LOQ <L0Q  <LOQ <LOQ <LOQ  <LOQ <LOQ  0.024 <LOQ <LOQ <LOQ <LOQ
P2 H0900197 Pool 30-1999 <L0Q  <LOQ  <LOQ <L0Q  <LOQ <LOQ <LOQ  <LOQ <LOQ 0.019 <LOQ <LOQ <LOQ <LOQ
&8 H0900174 Pool 7-2000 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  0.022  0.022 <LOQ <LOQ <LOQ <LOQ
£8 H0900175 Pool 8-2000 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.002  0.042 <LOQ <LOQ <LOQ <LOQ
&8 H0900176 Pool 9-2001 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  0.003  0.082 <LOQ <LOQ <LOQ <LOQ
(8 H0900177 Pool 10-2002 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.002  0.049 <LOQ <LOQ <LOQ <LOQ
V& H0900178 Pool 11-2002 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <L0Q  0.012  0.096 0.100 <LOQ <LOQ <LOQ
L8 H0900179 Pool 12-2002 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <100 0.016  0.041 <LOQ <LOQ <LOQ <LOQ
L8 H0900180 Pool 13-2004 <L0Q  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ  <LOQ  0.003  0.078 <LOQ <LOQ <LOQ <LOQ
A1 H0900181 Pool 14-2004 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.004  0.034 <LOQ <LOQ <LOQ <LOQ
A8 H0900182 Pool 15 -2004 <L0Q  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ  <LOQ  0.020  0.084 <LOQ <LOQ <LOQ <LOQ
*»41 H0900183 Pool 16-2006 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <L0Q  <LOQ  0.091 <LOQ <LOQ <LOQ <LOQ
28 H0900184 Pool 17-2006 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.050 <LOQ <LOQ <LOQ <LOQ
28 H0900185 Pool 18-2006 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <L0Q  <LOQ  0.046 <LOQ <LOQ <LOQ <LOQ
28 H0900186 Pool 19-2007 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  0.002  0.053 <LOQ <LOQ <LOQ <LOQ
A0 H0900187 Pool 20-2007 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.003  0.055 0.155 <LOQ <LOQ <LOQ
Y8 H0900188 Pool 21-2007 <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.042 <LOQ <LOQ <LOQ <LOQ
28 H0900189 Pool 22-2008 <L0Q  <LOQ  <LOQ <LO0Q  <LOQ <LOQ  <LOQ <LOQ  0.006  0.069 <LOQ <LOQ <LOQ <LOQ
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Table S10 continued

9Cl- 11Cl- 3:3 FTA 5:3 FTA

CODE POOL X-YEAR PF30NS PE30UdS NaDONA HFPO-DA (FPrPA) (FPePA) 6:2 FTS 8:2 FTS 6:2 diPAP 6:2/8:2 diPAP 8:2 diPAP 10:2 diPAP
A8 H0900190 Pool 23-2008 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ  0.009  0.050 <LOQ <LOQ <LOQ <LOQ
<8 H0900191 Pool 24-2008 0.017  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.084 <LOQ <LOQ <LOQ <LOQ
<8 H1000035 Pool 1-2009 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ 0.018 <LOQ <LOQ <LOQ <LOQ
<> H1000036 Pool 2-2009 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.025 <LOQ <LOQ <LOQ <LOQ
<£8 H1000037 Pool 3-2009 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ 0.014 <LOQ <LOQ <LOQ <LOQ
<Z8 H1000038 Pool 1-2010 0.017  <L0Q  <LOQ <L0Q  <LOQ <LOQ  <LOQ  <LOQ <LOQ  0.011 <LOQ <LOQ <LOQ <LOQ
<=8 H1000039  Pool 2-2010 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ  0.017 <LOQ <LOQ <LOQ <LOQ
<[ H1000040 Pool 3-2010 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.015 <LOQ <LOQ <LOQ <LOQ
<yl H1200009 Pool 1 -2011 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
<8 H1200010 Pool 2 -2011 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.010 <LOQ <LOQ <LOQ <LOQ
<28 H1200011 Pool 3 -2011 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ 0.016 <LOQ <LOQ <LOQ <LOQ
SN H1400025 Pool 1-2012 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
28 H1400026 Pool 2-2012 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ  0.009 <LOQ <LOQ <LOQ <LOQ
=>4 H1400027 Pool 3-2012 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
28 H1400028 Pool 1-2013 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ  <LOQ <LOQ  0.009 <LOQ <LOQ <LOQ <LOQ
28 H1400029 Pool 2-2013 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  0.013 <LOQ <LOQ <LOQ <LOQ
=8 H1400030 Pool 3-2013 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
S8 H1400031 Pool 1-2014 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
278 H1400032 Pool 2-2014 <LOQ  <LOQ  <LOQ <L0Q <LOQ <LOQ  <LOQ  <LOQ <LOQ  0.013 <LOQ <LOQ <LOQ <LOQ
28 H1500001  Pool 3-2014 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
228 H1600041 Pool 1-2015 <L0Q  <LOQ  <LOQ <LOQ <LOQ <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
=lN H1600042 Pool 2-2015 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
=8 H1600043 Pool 3-2015 <L0Q  <LOQ  <LOQ <L0Q <L0Q <10Q  <LOQ <L0Q <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
=>4 H1700015 Pool 1-2016 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
=<8 H1700016 Pool 2-2016 <L0Q  <LOQ  <LOQ <LOQ <LOQ <LOQ  <LOQ <L0Q <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
=28 H1700017 Pool 3-2016 <LOQ <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
==8 H1800017 Pool 1-2017 <LOQ  <LOQ  <LOQ <L0Q <L0Q <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
=8 H1800018 Pool 2-2017 0012  <LOQ  <LOQ <LO0Q  <L0Q  <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ
sZ4| H1800019 Pool 3-2017 <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ  <LOQ <LOQ  <LOQ  <LOQ <LOQ <LOQ <LOQ <LOQ

LOQ final 0.010 0.093 0.004 0.725 0.344 0.446 0.508 0.001 0.001  0.007 0.074 0.074 0.074 4.590
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