ABSTRACT

Title of Dissertation ADVANCING UNDERSTANDING OF
TERRESTRIALRECEPTOR EXPOSURE TO
MIXTURES OF PERAND
POLYFLUOROALKYL SUBSTANCES
Andrew Gene East, Doctor of Philosophy, 20z

Dissertatiordirectedby: Dr. Lance Yonkos, Environmental Science an
Technology Department.

Per and polyfluoroalkyl substances (PFAS) are synthetic molecules that are generally
defined by their carboefluorine bond(s). PFAS are used in a wide array of commercial and
household products and have been in production and use around the earthdies. dduair
desirable featurestability and surfactant properties, are also key drivers in their emergence as
globally widespreadnvironmental toxicant#s such, they present complex issues in estimating
exposure and effects in ecological risk assestsraimdividual sites or screening assessments
across many sitefurther, PFAS commonly occur in products and environmental media in
complex mixtures that increase uncertainty in assessnidn$ dissertatiomims to improve the
understanding of PFAS mixture exposure in terrestrial ecological recépiaferm ecological
risk assessment

The first question addr es s asdepresentafivevdfat i s

PFAS mi xt ur es Thennderlying hypatheseploral is §indply the hypothesis

that there is such a mixture that represents surface soil PFAS concentrations from aqueous film



forming foam (AFFF) use site$o address this question, we defined a representative mixture as
made ofhighly sampled PFAS, from high concentration sites, and contributing to more than 90%
of the sum PFAS concentration. These metrics were generated at several scales given the nested
structure of the data, but the final interpretation is based on theed&entile samples on a site
specific basis. This arrangemeaiptures the most potential for rigithe smallest spatial extent.

The analysis demonsteat that mixtures of PFAS in surface smil sites within military
installationsare of a predictable complexit®nly three PFAS are needed to represent over 90%

of sumPFASconcentratiorat AFFF use sites. Furthgrerfluorooctane sulfonic acid (PFOS)

was consistentlthe most prevalent PFASIth the highest proportional contribution to sum

PFAS The most prevalent second and third ranked PFAS pefliorohexane sulfonic acid
(PFHxS andperfluorooctanoic aciPFOA), respectfully Across all sites, the median
PFHxXS:PFOS ratisvas 0.10and PFOA:PFO%vas 0.03These observations indicate tiR&EAS
mixturesin surface soil on military installatiorcsin be represented by a relatively simple

mixture of PFAS largely dominated by a single PFABe resultant conclusion is thagk
assessments dtes carexclude minority PFA&Nd that toxicological studies to inform risk
assessments can be simplified.

The second questions addressed are fAwhat a
exposed to PFAS mixtures?0 and fAdoes the mixt
concentrations?06 The s pe dhodeidentifitdras@esentativetoli r e s o0
surface water and surface soil on military installations. The hypothesis was that exposure and
potential effects observations would indicate additive relationships, but the main objective was to
guantify tissue concentrations as a fumietof dose whileonsidering or ignoring the mixture.

To explore the hypothesis and quantify tissue concentrations, an outbred mouse was exposed to



single PFAS and mixtures of PFAS true whole body extraction concentration was measured
and in a second study, serum, liver, kidney, and brain concentrations were measured. One of the
mixtures was representative of surface water and contained PFOS, PFHXS, perfluorohexanoic
acid (PFHxA),and PFOA while the second mixture was representative of surface soil and
contained PFOS, 6:2 fluorotelomer sulfonate (FTS), and 8:2 FTS. Mixture treatments were at
varying concentrations, but a constant proportion of profile. The sum of the highestixture
treatment approximately overlagghthe correspondingingle PFAS exposure treatments
concentrationdnterpreted ima hierarchical modeling framework, the results of this study
indicate that prediction of tissue concentrations does not require knowledge of the mixture as
interactive relationships between PFAS are less impactful than vaatioss individual mice

This simplifies models required to predict tissue concentrations given dose information, but is
also irdicative ofdoseadditivity and relative tissue affinityrurther, we identiéd relative liver
weight increases and increases in serum alammeotransferas@ALT). These responses can be
effectively predicted by a relative potency factor (RPF) approacit ach PFAS6s RPF
to PFOS The success of the RPF appro#&h further signal of dose additivity in effeats

addition to additivity inexposure. Our conclusions are largeighlightingthe potential

increased efficiency of exposure and efffierediction using additive models that do not require
knowledge of the mixturélhis is a key addition to risk assessments on sites where mixtures of
PFAS will be observed, but regulations will generally be focused on single PFAS. The
demonstration of relative affinity and potency adlows for relative ranking of PFAS in their
potential for exposure and effects. So, while the list of PFAS addressed here is from a narrow
applicability context, the isconcurrence between our observations and thetliterghat legacy

PFAS likely have similar potential for exposure and effects. Those PFAS with reduced potential



for exposure and effects are generally smaller PFAS or those PFAS that appear to have excretion
pathways.

The third questions addressed is fihow do m
|l evel s?0 and fAcan estmatesopdti enrettii a&cl dfadra tirnd phinc t
underlying hypothesis is that the two food chains studdigail to worms to toads and soil to
plants to rabbi& would have differing PFAS profiles in the diet, but knowledge of the internal
kinetics would be required &xplain the PFAS profile in the upper trophic level consumers. To
explore these questions, two studies weréopmed. In the firsstudy, adult, terrestrial lifestage
toads were fed a diet of worrttsathad been grown in PFASpiked soil and their liver and
pooled remaining tissue PFAS concentrations were quantified. In the s#adgdadult rabbits
were fed a diet of plants that had been spiked to ntatebentrations in plants grown in PFAS
spiked soil. Rabbit livers, kidneys, and muscle tissue PFAS concentrations were quantified.
Toxicokinetic models were fit on a tissuend PFASspecific basis for both organisms. In the
toads, a difrential equation system was also developed to evaluate the utility of physiological
realism. The uptake and elimination rates from the definitivePp&S moded of the estimated
whole animal concentrations were used to generate trophic transfer coefficients (TTCs).
Interpretation of the TTCalong withthe toxicokinetic datauggests that some PFAS (i.e.
PFQOS) are consistently likely to be trophic magnifiers regardless of food chain, while others (i.e.
perfluoroheptane sulfonic aci®FHpSg, 8:2 FTS) varyfrom trophic magnifiers to trophic
diluters depenidg on food chainThe downstream conclusions, in context to field data in
literature and the above observations of additivity, are that food chain specific trophic transfer
data may be needed to predict upper trophic level exposure levels, bidrtR&OS

specifically,uniform potential for trophic magnification is likely. A further observation is that



kinetic data isnformative towards relative estimates of potential for trophic magnification and
explanatory towards general mechanisms. As an example, we note that elimination rate variation
likely drivesthe difference in potential for trophic magnification in toads, while in rabbits, both
uptake and elimination rates appear to be equivalent dov@atential for trophic
magnification

Overall, this dissertation identifies priority PFAShapter 2)clarifies additivity of
PFAS mixturegChapter 3)and advances the understanding of potential for trophic transfer in
terrestrial food webfChapters 4 and 5)\s a whole, these conclusions can simplify the data and
approaches needed to perform an ecological risk assessment} suppasire to generalize
across common PFAS, and provide laboratory confirmation of some field observatizas of
improvement or continued research broadlyuader refining or increasing resolution. The
representativeness the soil and mouse mixtures are spatiotemporally static and are assumed to
be consistently pogtocessing ofate and transpodynamics If this assumption were to be
replaced by an understanding of spatiotemporally dynamicsssétefic risk assessments and
exposure assessments could be of increased spatiotemporal resolution and increase their
accuracy in regards to the where and WREAS were released on the site and where and when
receptors are present on the sitieis refinement could influence the entire suite of study
methods in this dissertatioAdditionally, an hcreased number of PFAS analyzed is a desire of
al | PFAS studi es. Il n t hi s -schacsret, 6 i MFcA S asswecdh qausa
trifluoroacetic acid (TFA), volatile PFAS (i.e. alcohol head groups), and known degradation
pathway member PFA&uld increase the capacity to extend these observations to a greater
range of PFAS, but also address concerns about nbgsteainsformationdn conclusion, this

dissertation suggests that exposure to mixtures is not as complicated as feared.
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Li st of Figures

Figure 1.Graphical abstract of this dissertation. Broadly, this work is to inform PFAS exposure
estimates in terrestrial systems. All chapters are basally motivated by observations of PFAS in
the environment as mixtures. Two broad types of mixtures are fo@ loeeebased on
observations from DoD sites and another that is emergent from (laboratoryyéboprocesses.

Figure 2.1Total number of samples collected for each PFAS divided into detection categories.
<MDL (green) is below minimum detection limit, <RL (blue) is below reporting limit, >RL
(orange) is above reporting limit, and Over (gray) indicates sample measuremespoveed
but above range of standard curve in analytical technigues. Importantly, samples of >RL
(orange) are considered highest confidence. The actual concentrations for MDL, RL, and Over
vary by the PFAS, the laboratory performing the ana)yeid the time of sampling and analysis
(see the SI). PFBS = perfluorobutanesulfonic acid, PFPeS=Perfluoropentanesulfonic acid,
PFHxS = perfluorohexanesulfonic acid, PFHpS = perfluoroheptane sulfonic acid, PFOS =
perfluorooctanesulfonic acid, PFNS=Perfiomonanesulfonic acid, PFDS = perfluorodecane
sulfonic acid, ADONA=Ammonium 4:8ioxa3H-perfluorononanoate, 11EHF30UdS=11
Chloroperfluore3-oxaundecanesulfonic acid, HFHIA=Perfluore2-methy}t3-oxahexanoic
acid, 9CIPF30ONS=Perfluorof2(6-chlorohexyl)xy)ethanesulfonic acid), NetFOSA =N
ethyl perfluorooctane sul fonamide, NEt FOSE = N
NMeFOSA = N methyl perfluorooctane sul fonamide
sulfonamidoethanol, NetFOSAA =-8thylperfluorooctae sulfonamide acetic acid,
NMeFOSAA = Nmethylfluorooctane sulfonamide acetic acid, PFOSA = perfluorooctane
sulfonamide, 4:2, 6:2, 8:2 FTS = 4:2, 6:2, 8:2 fluorotelomer sulfonate, PFBA =
perfluorobutanoic acid, PFHXA = perflurohexanoic acid, PFHpA peadheptanoic acid, PFOA
= perfluorooctanoic acid, PFNA = perfluorononanoic acid, PFDA = perfluorodecanoic acid,
PFUNA = perfluoroundecanoic acid, PFDoA = perfluorododecanoic acid, PFTrDA =
perfluorotridecanoic acid, PFTA = perfluorotetradecanoic acid................cccceeviceeeeeennnnnns 28
Figure 2.2Heatmap and dendrogram of each-aerd polyfluoroalkyl substance (PFAS) and
summary metrics across all data. Completeness is at the site within installation level (number of
sites sampled out of total number of sites possible [N = 941]). Median, maxaataist deviation
(SD), and 75th and 95th percentiles are log, base 10, values. N total is total number of sampling
efforts regardless of detection level. RL is reporting limit and MDL is minimum detection limit
as reported by each analytical laboratonydach sample analysis. Prop. is proportion. Red,
orange, white, light blue, and dark blue represent the scale from low to high based or column
specific zscores for the distribution of data in cells. PFBS = perfluorobutanesulfonic acid,
PFPeS=Perfluoropgmesulfonic acid, PFHXS = perfluorohexanesulfonic acid, PFHpS =
perfluoroheptane sulfonic acid, PFOS = perfluorooctanesulfonic acid,
PFNS=Perfluorononanesulfonic acid, PFDS = perfluorodecane sulfonic acid,
ADONA=Ammonium 4,8dioxa3H-perfluorononanoate 1CI-PF30UdS=14Chloroperfluore
3-oxaundecanesulfonic acid, HFHIA=Perfluoro2-methyl3-oxahexanoic acid, 9€l
PF30ONS=Perfluoro(2(6-chlorohexyl)oxy)ethanesulfonic acid), NetFOSA = N
et hyl perfluorooctane sul f onami deamidobttahok OSE = N
NMeFOSA = N methyl perfluorooctane sul fonamide
sulfonamidoethanol, NetFOSAA =-8thylperfluorooctane sulfonamide acetic acid,
NMeFOSAA = Nmethylfluorooctane sulfonamide acetic acid, PFOSA = perfluorooctane
sulfonamide, 4:2, 6:2, 8:2 FTS = 4:2, 6:2, 8:2 fluorotelomer sulfonate, PFBA =
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perfluorobutanoic acid, PFHXA = perflurohexanoic acid, PFHpA perfluoroheptanoic acid, PFOA

= perfluorooctanoic acid, PFNA = perfluorononanoic acid, PFDA = perfluorodecanoic acid,

PFUNA = perfluoroundecanoic acid, PFDoA = perfluorododecanoic acid, PFTrDA =
perfluorotridecanoic acid, PFTA = perfluorotetradecanoic acid...............c.cevvvieeecuvvvrnnnnne. 29

Figure 2.3Cumulative proportion of sum peaind polyfluoroalkyl substances (PFAS)

concentration from a sample (Xi/sum[Xn]) against the ranked ith of n PFAS in that sample.

Three chemical mixtures of PFAS were the simplest mixture that described >90% of the sum
PFAS,on average (see bottom of fIQUIE)..........ooo i 30

Figure 2.4Relative composition of the-Ber and polyfluoroalkyl substances (PFAS) mixtures

that represent the majority of thePFAS mixtures that then account for approximately 90% of

the total sum sitspecific PFAS. In essence, this represents the simplestrepossentative

PFAS mixture profile for the surface soil data set. Mix 1, Mix 2, etc. represent the top four 3

PFAS mi xtures by occurrence (n). Note Mix 3 i
perfluorooctanesulfonic acid (PFOS) and no other detédt®, so not actually a mixture.

PFHxS = perfluorohexanesulfonic acid, PFOS = perfluorooctanesulfonic acid, PFHxA =
perflurohexanoic acid, PFOSA = perfluorooctane sulfonamide..............cccoeevveeeeciiieneennnn. 31

Figure 2.5Proportion of binary mixture dataset larger than observed ratio to PFOS
concentrations (w:w, €g) for PFHxS, PFHxA, PF
cumulative distribution functions fitted to observed values (smooth appearance is dge to lar

sample sizes). Median estimates are listed in top right and demarked by vertical lines on plot. X
axis is logscaled. PFHxS = perfluorohexanesulfonic acid, PFOS = perfluorooctanesulfonic acid,
PFHXA = perflurohexanoic acid, PFOSA = perfluoctane sulfonamide..............ccccceeeenn 32

Figure 3.1. PFAS concentrations (ng/g or ng/mL) across tissues by sexes grouped by singleton
PFAS. Dots are binned by 1/3the range of the data and are from individual mice with samples
meeting inclusion criteria. Overlaps may obscure some points. Note that wholebody samples are
not paired with brain, kidney, liver, or serum (which are paired). Note also that ng/g is only
approximately equivalent to ng/mL. Blanks (i.e., lack of dots) indicate no samples above

detection limit and NA indicates N0 sampl@BIEed. ............ccccoeiiiiiiiiiccc e 54

Figure 3.2. PFAS concentrations (ng/g or ng/mL) across tissues grouped by mixture treatments.
Sexes are not differentiated. Dots are binned by"i3@ range of the data and are from

individual mice with samples meeting inclusion criteria. Overlaps and figure extent may obscure
some points. Note that wholebody samples are not paired with brain, kidney, liver, or serum

(which are paired). Note alsoaing/g is only approximately equivalent to ng/mL. Blanks (i.e.,

lack of dots) indicate no samples aboveedBon liMit..............cceoeeeiiiiiiiieeee e 55

Figure 3.3. Relationship between mean dose (mdjkand mean compartment concentration
(wholebody, liver, brain or kidney, ng/g or serum ng/mL) by PFAS (color) and if the exposure

was a singleton treatment (triangle) or not a singleton treatment (dta)uBed in this figure are

tri mmed to those that are Ain mixture, o0 which
concentration PFOS detected in the PFOA singleton treatment). See Supplementary Information

for an analogous figure including all PFAS detectédevt her Ai n mi xXtureo or

data (e.g., PFHx A, PFPeS) are considered o6tra
and may introduce variability on the extremes. Points without lines indicate that PFAS was not
present in MUIIPIE OSES.......coo oo eeen s 61

Figure 3.4. Extrapolated relationship between dose (rad)lesnd whole body (ng/g) when
predicted from mixture treatments or impure mixtures (black points, black line, gray confidence
intervals) are consistent with models that utilize all data (dashedroaliched line). Only
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PFOAGs extrapolated prediction is outside the
singleton exposure (yellow error bars) or mean observed (yellow triangle) outside the
extrapolated confidence intervals. See Supplementary Information for extendeatienal... 62

Figure 3.5. Adjusted mean relative liver weight dose response (red line, solid points} en@6

FTS mixtures are not outside the confidence intervals for unadjusted mixtures (dashed line, gray
confidence intervals, diamondsyupporting the additive hygtesis. Points are means.aXis is
logio-scaled (foldchange interpretation) andaxis is log-scaled.............iiiiiiiiicecnnnn 66

Figure 3.6. Using additive approaches, a hypothetical reference (Ref.) vs exposed (ERA) site
doses lead to some overlap of estimated PFAS in trophic transfer (top left) and internal
concentrations (top right), and these exposures lead to overlappingerler weight increases
(bottom left), but likely detectable increases in ALT (bottom right)..............ceeeeiiiieeeennn. 73

Figure 4.1Liver (red) and remainder (green) PFAS concentrations with tissiePFASwise

cubic spline smoothers. Points are individuals, lack of points indicates no data above reporting
limit, dashed vertical line indicates day 28 transition from uptake to eliilmm&ee Sl for
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Figure 4.2 Estimated whole body PFAS concentrations with PfASe cubic spline smoothers.
Points are individuals, lack of points indicates no data above reporting limit, dashed vertical line

indicates day 28 transition from uptake to elimination. See Sl for acronyms.................. 96
Figure 4.3Trophic transfer coefficients (TTCs) in relation to diet concentration for either
definitive nonlinear model (right) and inform

estimates and lines are upper and lower 95% confidence intervals from di¢iat@ontal) or
resampled bootstrap parameter distributions (vertical). Dashed horizontal lines are at 1.0 and 2.0
and indicate a transition area where PFAS are more likely to be trophic magnifiers (y>2), trophic
diluters (y<1), or simply trasfer (1<y<2). See Sl for aCronyms.............ccouvvvurmmmiccreeeeennnnns 97

Figure 4.4Uptake rates via definitive nonlinear models (right) and pilot linear models (left) in
relation to diet concentration. Note that accounting for volume of distribution (\Vd) lowers the
uptake rate and indicates that uptake rates across PFAS are simitdingloytarameters vary.

Points are means, error bars are 95% confidence intervals. Horizontal errors bars based on
sample size of 5, vertical error bars based on resampled bootstrap parameter estimates of uptake
Fate. SEE S| TOr @CTONYMIS. ..ottt et eeeetb bbb e e e e e e e e e e e e e e e e s emamreeeeeees? 98

Figure 4.5Elimination rates for definitive nonlinear models (right) and pilot linear models (left)

in relation to diet concentration. Points are means, error bars are 95% confidence intervals.
Horizontal errors bars based on sample size of 5, vertical error batsdrasesampled bootstrap
parameter estimates of uptake rate. See S| for aCronyMS............uuiiiiricccveeeeenniiiieeeeeenns Q9

Figure 5.1 PFAS and tissuespecific concentrations in rabbits through time for all PFAS with
detections. Colors represent specific tissues, dots represent individual rabbit concentrations, solid
lines are generalized additive models (using the {mgcv} package (Waibd))Xit with common

knot number and thiplate smoother, and dashed line indicates the change from spiked diet

(days prior to 28) to clean diet (days 28 and after). Samples collected on day 28 represent the end
of uptake and beginning of elination period. Panels are sorted by median overall concentration
from highest to lowest in rowwise fashion (top left is highest, bottom right is lowest). Note log
scaled yaxis. Group 1 and female animal 61 are excluded from the PFOS.data........... 127

Figure 5.2Combined concentrations of PFAS through time fit with generalized additive models.
Only in cases where an individual rabbit had a detection for all three tissues was a combined
estimate generated. Panels are sorted by median overall concentration frest toidgbwest in
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row-wise fashion (top left is highest, bottom right is lowest). Noteslogjed yaxis. Group 1 and
female animal 61 are excluded from the PFOS data..............ooovviiiemniiiiiiiiiiiiiieee 128
Figure 5.3Trophic transfer coefficients of rabbits exposed via diet. Intersection (point) of error
bars is median trophic transfer coefficient and diet concentration, extremes of error bars are
97.5"and 2.9 percentiles. Linear model elimination rate variation not shown for brevity (not
definitive). Horizontal dashed lines at 1.0 and 2.0 indicate areas where uptake and elimination
are equivalent (uptake/elimination =1) and where uptake igdigchigher tharelimination and
individual bioaccumulatiors likely (uptake/elimination >2). Note legraled yaxis (utility of

transfer coefficient is multiplicative so distance away from 1 on log scale indicates equivalence
(0.3 and 3 are equal multiplicative distances fromL.L)........ccoooeiiiiiiiiieacieeee 129
Figure 5.4 Elimination rate parameters for rabbits exposed via diet. Intersection (point) of error
bars is median elimination rate and earthworm concentration, extremes of error barsare 97.5
and 2.9 percentiles. Linear model elimination rate variation not shown for brevity (not
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Figure 5.5Uptake rate parameters for rabbits exposed via diet. Intersection (point) of error bars
is median uptake rate and earthworm concentration, extremes of error bars'‘Aen@23'
percentiles. Linear model elimination rate variation (vertical error bars) not shown for brevity

(NOT AETINITIVE) ...ttt ettt e e e s eees e e e et e e e e e eaeeens 131
Figure SI2.1The influence of time on number of samples and detection types in order of total
MAGNITUAE DY PRAS.. ... et 148

Figure S12.2 The number of sample sites for which a given PFAS was measured as the highest
concentration PFAS through the fourth highest
ONoned indicates that number of PFAShein sampl
prevalence of ONoned indicating that many sit
also the dominance of PFOS as the most common maximum concentration.PEAS.....149

Figure S12.3The number of sites with eachPFAS combination in descending order.

Combinations with less than 10 observations are trimmed for brevity. PFAS in label are listed in
order of contribution to sum (i.e. PFOS, PFHxS, PFOA is rank 1, 2, 3) with any nundikeof

PFAS contributing smaller amounts. -RFAAO6 i ndic
INUIXEUT ..ot e ettt ee et e e e e e e e e e e emmmss e e e e e e e e eeeeeeeeeeeeamnneeeeeeeeeeeeeeenennnnnnnnmmneees 150

Figure S12.4Site-specific 95th percentile concentrations in surface soil (ppb), ranked high to

low, for each PFAS. Colors correspond to Figure 4 in the main text, indicating high prevalence

in common mixtures and confidence in sampling...........ccoooeiiiiiicciii e, 151
Figure S12.5Similar design boxplot as Figure S3, but of Sipecific median concentrations. In
order of median IBpercentile as FIQUIE S3.........cciviuiiieiueeieeeieeeeeeee s eeere e 152

Figure SI3.1. Tissue concentrations by dose and by above reporting limit (black) or above
detection limit (3flag) (red) with regressions (blue only quantitative data, red all data) to indicate
biasing by inclusion or exclusion offlhg data. Relative caentrations and overlap of
guantitative and-flag data indicate that rarely is meaningful bias outweigh the value of
including additional individualevel data. Note that relative concentration patterns in serum are
all quantitative data, so other tisswae unlikely uncertain detections. However, in the brain
samples, few samples are above detection and the assertion of low bias cannot be made.
Accordingly, only in the brain areflag data excluded.............cccooooiiiiiiiiieciii 175
Figure SI3.2. Graphical description of how mixed effects models that explain relationship
between dose and tissue with overall fixed model (left), varying intercept (defttevarying
intercept and slopes (centgght), and how individualldriven regdual distributions can mask
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false 6mi xture effectsd (right). Red is the o
potential PFASspecific models, and the light blue represents residual distributians......176
Figure SI3.3. Relationships between tissue concentration (ng/g or ng/mL) and dosed)rxy'kg
PFAS with PFASspecific linear models. Points are individual PFAS data (higher color intensity
indicates more data overlapping) and all treatments and sexaswaoaed. The overall

appearance of parallel lines indicate that relationship between dose and tissue-&pP&iAS

and independent of mixtures and supports an 0
concentrations of PFAS mixtures. Some data (e.dH, PRA , PFPeS) are consider
(above detection, below reporting limit) and may introduce variability on the extremes. Points
without lines indicate that PFAS was not present in multiple doSes...........ccccccvvvieeennnee. 178
Figure SI3.4. Data from Figure SI3.3but grouped by sex. Note 6:2 FTS appears to be the only
PFAS meaningfully influenced DY SeX........ooooiiiiiiiiiiiiieee e 179
Figure SI3.5. Logpredicted tissue concentrations (with confidence intervals) assuming median
y-intercept and median ledose (points) around mean = 1.97*median and maximum regression
sigmas. The interpretation is that few predicted concentrations are distinguishable when
accounting for individuals and tissgpecific slopes. i.e. the slopes produce similar estimates

and aproximately parallel on a l@@Cale.............oooiiiiiiiiiiieer e 180
Figure SI13.6. Mean concentration of PFAS detected in tissues of control mice. All PFAS were
nontdetect in control dosing solutions (see Table SI3.9)......cccooiiiiiiiiiiiiceeiiie e 181
Figure SI3.7. Mean PFAS concentrations in tissues of mice exposed to single PFAS. See Table
SI3.1 for nominal and Table SI3.9 for measured dOSES..........ccoovvviiiiiccceeiee e 182
Figure SI13.8. Mean PFAS concentrations in tissues of mice exposed to mixtures of PFAS at low,
medium, and high dose groups, respectively. See Table SI3.1 for nominal and Table SI3.9 for
(TeTo R =T [0 [0 1S =SS 183
Figure SI3.Replica of Figure 3.4 in text but with mixture and impuigsed model (black and
gray) not extrapolated throughout the full dose range. G@oliched dashed line is the model fit
with all data, triangle is the mean of singleton treatment, and erroatea®% confidence

intervals of the sSiNgleton treatMENTS..........u i s 184
Figure SI3.10. Extrapolated relationship between dose (r)/egd serum (ng/mL) when

predicted from mixture treatments or impure mixtures (black points, black line, gray confidence
intervals) are consistent with models that utilize all data (dashedrmoaltwhed line)............ 185
Figure SI3.11. Extrapolated relationship between dose (r)/kgd liver (ng/g) when predicted
from mixture treatments or impure mixtures (black points, black line, gray confidence intervals)
are consistent with models that utilize all data (dashed-codwched line). Mismatch in 6:2 FTS

is due to female mice elimination, detection limits, and not likely representative of an actual
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Figure SI3.12. Extrapolated relationship between dose (r)/kgd kidney (ng/g) when

predicted from mixture treatments or impure mixtures (black points, black line, gray confidence
intervals) are consistent with models that utilize all data (dashedmal@hed line). Mismatch

in 6:2 FTS is due to female mice elimination, detection limits, and not likely representative of an
actual MIXtUIrE INEEIACTION.. ... .uuetie et r e e e e e e 187
Figure S13.13. Extrapolated relationship between dose (r)/kgd brain (ng/g) when

predicted from mixture treatments or impure mixtures (black points, black line, gray confidence
intervals) are consistent with models that utilize all data (dashedrmoalwhed line). Note few

data are above quantification/repPorting............ooviieiiiiiiir e 188
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Figure SI3.14. Predicted (using ad(pse (mg/ked)) predictor) tissue concentrationsayis)

vs observed tissue concentrationsgis) across tissues by PFAS and sex using the varying
slope and varying intercept mixed effects model (Model 1). Solid line is 1:1 and dashed are +1
loge. Note that data outside dashed lines are largely 6:2 FTS data and this is largely attributed to
the 6:2 FTS kinetics, which are extremely nonlinear at the grab sample study timepaii©4
Figure SI3.15Predicted (using a lefdose (mg/ked)) predictor) tissue concentrationsayis)

vs observed tissue concentrationsaks) across tissues by PFAS and sex using the varying
intercept only mixed effects model (Model 2). Solid line is 1:1 and dashed aree+l ddg that

data outside dashed lines are largely 6:2 FTS data and this is largely attributed to the 6:2 FTS
kinetics, which are extremely nonlinear at the grab sample study timepoint................. 195
Figure SI3.16. Singleton treatment relative liver weights proportional to PFOS treatment are
effective relative potency factors (RPFPoints are means and error bars 95% confidence limits.
Horizontal line is at 1 with dashed lines at PFOS treatmen{'@né 2.5 percentiles. Yaxis is
logio-scaled (foldchange interpretation) andaxis is log-scaled with modified O to ensure

plotting of Control treatment. Inclusion of Control treatment is for context and is not used as an
RPF. See Table SI3.14 for RBSUMALES........ccoveiiiiiiiiiiii i eeena s 199
Figure SI3.17. Mixture treatment relative liver weights proportional to PFOS treatment by sum
dose. Regression line with confidence intervals overlaid (predicted only from mixture groups).
Note the overlap of G8 Medium and FTS High with PFOS which alMeaapproximately the

same sum PFAS. This indicates that a mixture effect outside of additivity is unlikely for these
PFAS and this effect. Points are means and error bars 95% confidence limits. Horizontal line is
at 1 with dashed lines at PFOS treatmens'®@nd 2.4 percentiles. Yaxis is logo-scaled (fold
change interpretation) andaxis is log-scaled with modified O to ensure plotting of Control
treatment. Inclusion of Control treatment is for context and only generically represents y
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Figure S13.18. When RP&djusted relative liver weights are compared back to PFOS, most fall
within the confidence limits of PFOS, indicating that +aafditive interactions are unlikely. Only
PFOA appears insufficiently adjustedP F OAG6 s e f f eigerwemgmmaybed at i ve |
potentiated in a G8 mixture. Points are means. Horizontal line is at 1 with dashed lines at
PFOS treatment 97™5nd 2.5 percentiles. Yaxis is loge-scaled (foldchange interpretation)

and %axiS IS [0G-SCAIEU............uuieiiiie e ee e e —————————— 201
Figure SI13.19. Predicted{gxis) vs observed {axis) relative liver weight as a proportion of

mean relative liver weight in PFOS treatment. Solid line is 1:1 and dashed are +sigima and
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Figure SI3.20. RPF adjusted relative liver weights for singletons using sum serum bring
estimated liver weights closer to the expected sepradicted relationship, however, due to the
large range of serum concentrations (as compared to dose), the datandoessarily converge

to the PFOS treatment confidence intervals. Points are means. Horizontal line is at 1 with dashed
lines at PFOS treatment 9%.8nd 2.4' percentiles. Yaxis is loge-scaled (foldchange

interpretation) and-axis iS 10G-SCaled..............ooiiiiiii e 203
Figure SI3.21. Adjusted mean relative liver weight dose response (red line, solid points§ in C6
and FTS mixtures are not outside the confidence intervals for unadjusted mixtures (dashed line,
gray confidence intervals, diamonds3upporting the additiveyipothesis for serum

concentrations to predict relative liver effects. Points are meaasis¥s loge-scaled (fold

change interpretation) andaxis iS [0G-SCaled...............uuuueiiiiiiiieec e 204
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Figure S13.22. Predicted vs observed for serum predicting relative liver weights proportional to
the PFOS trEatMENL.. ...ttt eree e e e e e e et e e e eeeaaeebaee s mmme e e eeeeennnnnnns 205
Figure SI13.23RPF adjusted relative liver weights for singletons using sum liver bring estimated
liver weights closer to the expected liygedicted relationship, however, due to the large range
of liver concentrations (as compared to dose), the data do not necessardyge to the PFOS
treatment confidence intervals. Points are means. Horizontal line is at 1 with dashed lines at
PFOS treatment 97"5nd 2.5 percentiles. Yaxis is loge-scaled (foldchange interpretation)

and %axXiS IS [0G-SCAIBM.. ...t 206
Figure S13.24. Adjusted mean relative liver weight dose response (red line, solid points in C6
and FTS mixtures are not outside the confidence intervals for unadjusted mixtures (dashed line,
gray confidence intervals, diamonds3upporting the additiveyipothesis for liver

concentrations to predict relative liver effects. Points are meaasis¥s loge-scaled (fold

change interpretation) andaxis iS [0@-SCaled.................uuuiiiiiiiiccccc e, 207
Figure SI3.25. Predicted vs observed for liver predicting relative liver weight proportional to
L 1 TSP U P TP P PPRRTTT 208

Figure SI3.26Linear dose response between proportional to Control liver weight and

proportional to Control ALT across &bmixture and matching singleton PFAS and Con®bl

Figure Sl4.1Weight of fresh worms (g) and number of worms in sample. The observation of

note is that the average per worm weight is 0.3 gramsS.........ccceoveeeeiiceeciiiiiieie e 222

Figure Sl4.2Mass (g) of worm homogenate per volume (mL) of worm homogenate. The
observation of note here is that 0.92 g/mL is the density of the worm homogenate......223

Figure Sl43Concentration (eg/ kg) of PFAS in worm ho
pooled aliquots). PFAS not listed are mtect. Center line is median, extent of boxes afe 25

and 7% percentile (interquartile range), extent of lines are shorter of data maximum/minimum or
1.5*interquartile range + the ®®r 75" percentile, and points outside lines are data beyond
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Figure Sl4.4Correlation plot of toadvise estimated whole animal PFAS concentrations. Points

are toaewise concentrations, red lines are local regression smoothers, histograms are distribution
of PFASspecific concentrations, and top right boxes indicate correlatiefiicients for all

complete pairs with the text scaled by the magnitude of the correlation. The observation of note
here is that none of the PFAS pairs appear to show strong negative correlation and it is unlikely

the biotransformation is ipacting CONCENTratiONS............ooiiiiiiiiiiirree e 225

Figure Sl4.5Naturallogt r ansf or med | i ver concentrations (I
elimination rates (slope of linear regression) with summary statistics................cc.vveeee.. 226

Figure Sl4.6Naturallogt r ansf or med | i ver concentrations (I
rates (slope of linear regression) with summary statiStcS............covvvvvvvicceeeeeeeeeeeennnnnns 227

Figure Sl4.7Naturallogt r ansf or med remai nder concentration
and elimination rates (slope of linear regression) with summary statistics.................... 228

Figure Sl4.8Naturallogt r ansf or med remainder concentration
uptake rates (slope of linear regression) with summary statiSticSs.............cccvvvieeeeeeeenn.. 229

Figure SI4.9Naturallogt r ansf or med esti mated whol e ani mal

I n(eg/ kg)) by elimination day and el i minati on
statistics. PFHxXA had no complete liver and remainder pairs during these timepodwsaRd

PFHpA had only one observation on elimination day..0.............ccceeeevvieeeeiiiee e 230

Figure Sl4.10Naturallogt r ansf or med esti mated whol e ani mal
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Figure S14.11PFAS fluxes and parameters in physiologicaéievant model of PFAS
movement into and out of the liver concurrent to the intake and elimination of PFAS from the
remainder Of the T10Ad...........ooi e 236
Figure SI15.1Weekly average combined kale and timothy grass diet concentration of PFAS
(eg/kg), by study block, through time. Points indicate sample collection points. Group 1 PFOS
excluded as reporting limit for rabbit tissues was 0@ higher than other PFAS and study
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Figure S15.2Rabbit diet concentratiorg §/kg) distributions during uptake period (study days 1
28). All study blocks (except group 1 PFOS) combined here. Left shows datasnaled y

axis and right untransformed. PFAS are listed -@xis in order of median (thick line). Boxes
represent 78and 24" percentiles, whiskers either the extent of data or 1.5*IQR beyond the
extremes of the IQR. Dots alone represent QULHELS.............oovviiiiiieeeiiiiiiee e 238
Figure S15.3Correlation plot of combined rabkspecific PFAS natural log transformed
concentrations. Values in top right corners are correlation coefficients, points are individual
values, red lines smoothers, and central boxes show frequency histograms of PHASialistr

is

Figure SI5.4Rabbitwh ol e or gani sm concentration (6combin

using the linear regression techniques of OECD TG#305.Those PFAS with limited data above
detection limit (e.g., PFHpA, PFHxA) were fit to data available..................cccovveeeeennnnin. 240
Figure SI55Rabbit whol e organism concentration
the linear regression techniques of OECD TG#305. Those PFAS with limited data above
detection limit on day 0 had the samples populated with the P&#dBtissuespecific minimum

to ensure starting value for regression was as near the limit of quantification as possigil
Figure S15.6Rabbit PFOS kinetic model parameterizatieROS kinetic model mean parameter
estimates via least squares (black line) and bootstrap (uptake parameter blue, elimination
parameter green) for kidney (A), liver (B), muscle (C) and combined (D) estimated whole
organism concentration. Datapoints for wdual rabbits are black points and daily mean is

large red point. Note varyinggxes and that day 28 was switch to clean diet. Units of diet and
background areg/kg, Vd are L/kg, and uptake and elimination are unitless and represent
multiplicative ratesGroup 1 and female animal 61 are excluded from these analyses. 242
Figure S15.7Rabbit 8:2 FTS kinetic model parameterizati®2 FTS kinetic model mean
parameter estimates via least squares (black line) and bootstrap (uptake parameter blue,
elimination parameter green) for kidney (A), liver (B), muscle (C) and combined (D) estimated
whole organism concentration. Datapoints falividual rabbits are black points and daily mean
is large red point. Note varyingaxes and that day 28 was switch to clean diet. Units of diet and
background areg/kg, Vd are L/kg, and uptakend elimination are unitless and represent
multiplicative rates. *indicates low quality féisnegative elimination is nonsensical......... 243
Figure S15.8Rabbit PFOA kinetic model parameterizati®rOA kinetic model mean

parameter estimates via least squares (black line) and bootstrap (uptake parameter blue,
elimination parameter green) for kidney (A), liver (B), muscle (C) and combined (D) estimated
whole organism concentration. Datapoints forwmutlial rabbits are black points and daily mean

is large red point. Note varyingaxes and that day 28 was switch to clean diet. Units of diet and
background areg/kg, Vd are L/kg, and uptake aniih@nation are unitless and represent
multiplicative rates. *indicates low quality fdselimination set at boundary of 1 improves fit

from nonsensical negative, but does not provide precise estimates. Note also variation in Vd
from tissues to combined anelationship between uptake and elimination parameters and
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deviation between uptake fit (blue) and elimination fit (green) to capture highly dynamic data.

Figure S15.9Rabbit combined trophic transfer coefficients on untransformed scale. Note
negative value for PFHpS using linear methods. Implication here is that there is an increase in
concentration during elimination period using linear methods, which confounds the
interpretation. See Figure 11 for lsgaled yaxis version of figure. Intersection (point) of error
bars is median trophic transfer coefficient and diet concentration, extremes of error bars are
97.5"and 2.9 percentiles. Linear model elimition rate variation not shown for brevity (not
definitive). Horizontal dashed lines at 1.0 and 2.0 indicate areas where uptake and elimination
are equivalent (uptake/elimination=1) and where uptake iddidchigher than elimination and
individual bioacamulation is likely (uptake/elimination>2).............ccccccceviiiiiceciniiniinnnnnnn. 245
Figure S15.10Rabbit combined uptake rates on untransformed scale. See Figure 11 for log
scaled yaxis version of figure. Intersection (point) of error bars is median trophic transfer
coefficient and diet concentration, extremes of error bars arl aiMd2.9' percentiles. Linear
model elimination rate variation not shown for brevity (not definitive). Horizontal dashed lines at
1.0 and 2.0 indicate areas where uptake and elimination are equivalent (uptake/elimination=1)
and where uptake is twiold higher than elimination and individual bioaccumulation is likely
(UPLAKE/EIIMINALIONS2)......ceiiiiiiiieee e eeene e eeee e 246
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Chaptlenrt rlooducti on.

Per- and polyfluoroalkyl substances in the environment

Per and polyfluoroalkyl substances (PFAS) are synthetic molecules used in many
industrial, household, and medi applications for their durability and concurrent oil and water
repellency characteristics. The desirable characteristics emerge from a generic molecular form of
a hydrocarbon with some (pejyor all (per) hydrophobic tail hydrogens replaced with fluner
(C-H to GF). These replacements create carfioarine (GF) polar covalent bonds that are
extremely durabland relatively smallNotably,thedefinition of PFASn applied fields and
tradesvaries by sourceSeeBuck et al.(2021)and Evich et al(2022)for contrasting exclusive
and inclusiveviews, respectivelyThe Buck etal(2011)d ef i ni t i on A[ é] t he hi
aliphatic substances that contain 1 or more C
been replaced by F atoms, [ &}w000mnmteanian ntshe& hger
molecular level basis for most descriptions of the variety of PR#e&hg et al(2017)presated
a concise fitreeo of PFAS that describes how t
(e. g. carboxylic or sulfonic), the | egacy PFA
fluoropolymers generally considerell ow concern on their own (e.g
polytetrafluoroethylene (PTFE)). Further, at the time of publicg267) thenumberof peer
reviewed articles since 2002 showed cl ear pat
Aterminal 6 PFAS such as perfluorooctanoic aci
(Wang et al. 2017)This pattern persists to date but is clearly changing based on commentary
such ad ohmann et al(2020)that indicate the regulatory environment is not capturing the

complete lifecycle sense of how PFAS can enter environmental matrices. Several works have

1



attempted to contextualize the issue of defining and grouping PFAS to ensure efficient and

encompassing regulatioBousins et ali2019)and Glige et al(2020)generally consider the

persistence and expansive number of uses of PFAS as grounds facaliele

prospectivéprotective/precautionary regulations to reduce release across the whole span of

potential molecules that could meet a definition of PRA&K et al.(2021)present a

contrasting view that regulations are intended to control commerciaanddbat there are

actually substantiallfewerPFAS of commercial relevance than suggested by definitions and

searches bgluge et al(2020) The implications of these diverging precautionary and pragmatic

perspectives is that there are, at the least, several choices for regulators to chofSelfsims

et al. 2020) Actual strategies to regulate PFAS exposure and risk of effects that have emerged in

the United States agpecific to a single PFAS molecuwdeaddress amallmixture of PFAS

moleculesn drinking water (see https://www.epa.gov/sdwa/palyfluoroalkylsubstances

pfas). The overarching basisof titeS EPAGs approach is that it is

also in detection feasibility) and tied to those PFAS that have robust toxicological data profiles.
This work is substantially motivated by the release of PFAS to the environment through

the use of aqueous fikiorming foam (AFFF) products. AFFF products used to fight liquid fuel

fires (e.g. Class B, nonpolar solvents, Jet A, eticpublic and private airports and other

firefighting facilitieshave contained PFAS since their development in the 1@6Gs

Government Accountability Office 2017; U.S. Government Accountability Office 2018; Leeson

et al. 2021)Accordingly, PFAS have been intentionally amtidentally released to the

environmenduringtraining and emergency responsesigPFAScontaining AFFF products.

In general, AFFF products anp to5% PFAS by weight (see products on Qualified Products

List QPL-24385 governed by mispec MIL.PRF2 4 385 fAFi re EXAquaogsui shi ng



Film-For mi ng Foam (AFFF) Liquid Concentrate, f
mass release is immense when the scale of AFFF use is considered. However, PFAS observed in
the environment can be attributed to many sources. As summarizettinet al.(2022) PFAS
synthesis is a maryranched process that is based on procuring fluorine and building €arbon
fluorine (GF) bonds in sufficient numbers, chains, structures, etc. based on the desired
characteristics of the final molecules. A useful exampli s P T F Ewhichirmeets | on 0)
definitions of a PFAS, but is a final target product that is a polymer of low cof\ttmg et al.

2017; Buck et al. 2021)eflon is produced through intermediary PFAS moled@uleistorically

PFOA (8 carbon chain, 7 fluorinated, carboxylic acid) and more recently alternatives such as
GenX (HFPGDA) (Expanded PTFE Applications Handbook 201&9cordingly, imperfect
manufacturing and waste streams of polymers of low concern (PTFE) manufacture can all
produce environmental eases of PFAS. Further, other polymerizedd@bed molecules can

lead to degradation of polymer branches which releasgalymerized PFASEvich et al.

2022)

Importantly, regardless of the definition of PFAS, management strategy, or source, PFAS
arewidely detectedn the global environmerfCousins et al. 2022)n effect,Cousins et al.
(2022)imply that rainwater may not me¥tS.EPA drinking water requirements. While this has
obvious implications for human health interests, it also stages a complex ecological exposure and
effect problemGiesy and Kanna(2001)were effectively the first to identify the global nature
of PFOS contamination in animals and that concentrations in animals were higher than their
diets indicative of bioaccumulative properties. Since then, a substantial body oewmdting
PFAS in environmental matrices and recept@semerged. Aquatic systems hate most data

(Evich et al. 2022; Gkika et al. 2023)fficient to perform sitespecific risk assessmer{alice

or



et al. 2018)food web exposure modeadevering broad systenfMunoz et al. 2022; Ren et al.
2022) and refinement of models used in ecological risk assess(@emst al. 2022; Kelly et al.
2024) The availability of aquatic data has recently facilitated new approaches that capture the
riparian or aquatic to terrestrial transitigqlhgarson et al. 2018; Koch et al. 202While data

from terrestrial organismgdir-breathing (ECHA 2022; Sample et al. 20243 availablethere

is less(Vendl et al. 2024)and important to ecological risk assessment methods, few of the data
are associated with complete food web quantificati@nhighlighted by Vendl et a{2024)

PFAS concentrations in polar bear are reported second most often (6% of stutlibe)
understanding of PFAS in circumpolar food webs is still described in a stepwise,
biomagnificatiombioaccumulatiorfocused fashiofLohmann et al. 2024gather than in a

complete food chamwise trophic magnification fashion as in Miller et(@011)

Food web studies that support the understanding of chemical movement from
environmental media (e.g. soil, groundwater) to primary producers and consumers to higher
trophic level organisms are generally defineddbiermining chemical concentrationswo or
more trophic level transition&kika et al. 2023)Four studies are described below that are likely
the sole terrestrial food web studies available to dae. of the core goals of this work (among
others) is to explore multiple PFAS and attempt form thefood web transport of PFAS with
inter-PFAS relationshipt efficiently address the potentially complicated mixtures observed at
sites. I n contrast, for i(B0d4)capturethe movermentwfo r k
PFOS alone from soil to plants to small mammals. They describe stepwise transfer factors that,
in concert with food ingestion factors and other exposure model paraif@derple et al. 2024)
could be used to predict small mammal exposure based on a soil concentrationhié/tsle t

exactly the desired information and application for terrestrial risk ass€ékaosen et al. 2018;

of



Zodrow et al. 2021)it clearly indicates that sites with more than one PFAS will require more
time, costs, and data to perform risk assessments. At DoD sites, many PFAS are observed in soil.
An alternative interpretation of East et @02%) is that up to 23 PFAS are identified in at least
11 sites. Efficiency of exposure estimation of multiple PFAS from minimal supporting media
samples is critical to addressing the need for assess(henton et al. 2021)

Exploring available studies on multiple PFAS and multiple trophic levels in the field lead
to four main citations. They inconsistently describe the REASFAS relationships, but their
presentations of data can be evaluated as suemmlin et al(2023)is a recent analysis based on
field data in an urban system of aviaansumers and predatoiidhey identified that many PFAS
do magnify through increasing trophic levaingGobas et al(2016)definition oftrophic
magnification factorTMF) i i n ¢ m acawnalative rate per increase in trophic |évehey
highlight use ofa chemical activity approa@ndpoint outspecificallythatbinding to albumin
protein fractionis an important component in predicting PFAS trophic magnificgioamlin et
al. 2023) Muller et al.(2011) Huang et al(2022) Ecke et al(2024) and Heimstad et &2024)
use the definition of TMF that emerged through work on lipophilic comp@uadsncrease in
tissue concentrations with increase in trophic |¢Bekkhard et al. 2012; Gobas et al. 2023)
These terrestrial studie$ PFAS concentrations in wildlife tissues were field derived and had at
least 3 defined trophic levels (made continuous by nitrogen stable is¢téésn some casgs
and identified differing patterns. The nonlinear relationship between carbon chain length and
TMF in Muller et al.(2011)is ba®d on the early hypotheses that carbon chain length and
parameters such astanol:water partitioning coefficienKbw) would be linearly predictive as
was the case for lipophilic molecules. Nonetheless, given what is known about the stability of

terminal /|l egacy C8 PFAS (e. g. PFOS and PFOA)



local maxima as many other precursor or fluoropolymer degradants effectively contribute to
PFOS/PFOA in tissueendmedia observationdvich et al. 2022)Additionally, with a

multivariate additive model of the various affinities of PFAS to the macromolecular makeup of
organismgchemical activity approachjhere is no basis to assumeegponse anthe predictor
relationshipwill appear lineain one (or somer all) predictive factofs) (Gobas et al. 2018;
Fremlin et al. 2023; Kelly et al. 2024y shat, PFOS/PFOA may also be local maxima due to
their combined macromolecule affinitisslubilitiesand the trophic arrangement of those
macromolecules in the food wékelly et al. 2024)

In contrastHuang et al(2022)did not see meaningful relationships between PFAS (i.e.
carbon chain) and TMF. The uniformity of the TMFs for a variety of PFAS including short chain
PFAS (e.g. PFBS, PFBA) was hypothesized to be related to partitioning coeffi&ielyset al.
2007)that are nonlinear across PFAS or that precursors not captured in analytical work were
transforming into terminal PFCAs or PFS@$uang et al. 2022Heimstad et ali2024)also saw
limited relationship between TMF and PFAS. Their observations are confonngleda o6 s hor t 6
food web in that the expect edPNtovedap.TePEASsS of a
with statistically significarly different than zero slopes had TMFs that ranged from 1.6 to 2.5
with only PFHXS appearing as a trophic diluter (TMF=QHgimstad et al. 2024FEcke et al.
(2024)demonstrate that long chain PFAS (>8 fluorinated carbons), lacking a pattern, may have
variable potential for food chain transfer. They do not provide TMFs (while they did sample
enough trophic leve)Jdutdo reportbiomagnification factorsBMFs) for vole liver to avian eggs
and blood that range from 1 to 6. These works demonstrate that more data are needed to explain
trophic transfer of PFASom a physicechemical basi§.e. the approach of Fremlin et al.

(2023)and Kelly et al(2024)appear supported) but that the detection of PFAS throughout food



webs is indicative that trophic transfer does occureapaindedjuantification is the main data
gap.

In order to inform the understanding of PFAS movement in terrestrial food webs from a
causal perspective, laboratory data are likely informative and quicker to generate in comparison
to field studieslin the laboratory, studies of PFAS mixture trophic transfer in terrestrial systems
are limited to soil, plant, and invertebrate systedcDermett et al(2022)grew alfalfa in sand
irrigated with PFAS mixture spiked water and then fed the alfalfa to crickete(a
domesticus Notably, they did not repoatrophic magnification factor, but their
bioconcentration factors for matrix to plant and plant to cricket are based on the observed trophic
transfer of PFASNnd can be averaged to represent the anticipated trophic transfer through the
food web(Burkhard et al. 2012)Jsing PFOS as an exampliee BCF was 2 for soil:plants and
0.11 for plant:crickefusing units as reported in McDermett et(aD22). Accordingly,without
consideration of elimination rates or full understanding of kinetics and tissugopart of
PFOS, the implication is that PFOS ntegnsfer (something other than magnify or dilute)
through trophic levels in this systeas the average of these two stepwise rai@sds tal (mean
of 2 and 0.11 = 16). The reduction of BCF from plants to crickets was consistent across all
PFAS studiedqMcDermett et al. 20223nd is likely the most impactful observation in that PFAS
may magnify into plants but dilute into higher organisinie di sruption in oO6fl o
uncertainty in food web transfer models as an assumed averatj@volild generate estimates
with more uncertainty (error) vs specific values 2 and Qlddy et al(2022)exposed tomato
plants to PFAS mixture spiked watarahydroponic system and then fed the tomato plants to
tobacco hornwormsSplanum lycopersicumThey did no evaluate partitioning factors for the

plants, but did describe the movement of PFAS from plants into the caterpillars as



biomagnification factors (exposed via diet). SimilaMoDermett et al(2022) they observed
plant to invertebratB MFs of | ess than 1 (PFOS & a@ganl15) for

that excluding other normalizing factpPAS may dilute moving from plants to invertebrates.

Exposure estimates in wildlife

Another area of meaningful uncertainty in exposure estimates of PFAS mixtures in
wildlife is the actual method by which exposure estimates oEcatogical receptofs
ecological entities that are the topic of an ecological risk assesshattinhabit terrestrial
systems present challenging foci for chemical exposure estimation as they are not inherently
surrounded by a contaminated matrix. Aquagdiment dwelling organisms that are surrounded
by a matrix that can be analytically measured for chemicadsirs present an inherently
(relatively) simpler exposure estimation scenario (assuming bioavailability). Terrestrial
organisms may largely exist in a media that presents exposure near zero (e.g. uncontaminated air
above contaminated soil) and their diemsarethe only major route of exposure. Accordingly,
their intake may be, at best, inconsist&ubas et al(2016)summarize this issue from an

analytical standpoint (as compared to my behavioral ecology example above) by stating that

exposuremodgd ar amet ers | i ke bioconcentration and bi
chemical di stribution between biota and water
been questioned [€é€].0 The premise is that usi

meaurements) of chemical distribution in a terrestrial ecosystem should not assume that

exposure via surrounding media is equivalent to dietary/dermhbtiathing exposure.
Relevant to this work, similar to tlveidespread detectiaof PFAS in abiotic

environmental media, PFAS are detected in wildlife glob&igsy and Kanna(2001)were

first to demonstrat®FOS detection iboth terrestrial and aquatic organisms around the globe
8



and sincehen there have been sufficient PFABecific biomonitoring studies generate
multiple summay reviews(Ankley et al. 2021; De Silva et al. 2021; Bangma et al. 2022)
Notably, to capture the observations from biomonitoring in exposure models relevant to risk
assessment, several key adjustments need to be made when comparing PFAS to other persistent
organic chemicals (i.e. PCBSs). For instance, as summariz2el 8ilva et al(2021) Kow is
regularly used to explain partitioning of neutral organics from agenuvironments to lipid
tissues within organisms. With PFAS (organic neutral or anionic surfactants), memiatane
partitioning ratios have been predictive of internal concentra{idaszzano et al. 2021)
alongside protein binding affinitig@angma et al. 2022)epending on the specific PFAS, tissue
of interest, or transition (abiotic to biotic, tissue to tissue, €de.)Silva et al(2021)consider
parameters for aipbreathing animals to be a key gap as there remain limited field or lab data
specifically addressing their quantification.

Chemical activity approaches that effectively account for the solubility of chemicals in
organismé macr omol ecul es are hypothesized to be t
movement in food web@obas et al. 2018; Fremlin et al. 2023; Kelly et al. 2024gse models
are analogous to fugacity approaches in that a chemical and the macroanohedwup of an
organism lead to a unitless rate or affinity (activity) that describes the potential for a chemical to
move into an organism made of said macrauoohr contents. The utility in a food web basis is
that macromolecak contents change in the movement through a food web (the classic lipophilic
example would be an increase in lipid/adipose tissue in higher order organisms) and the increase
in accumulation rate (determined by the chemical activity of the chetissak pa) can be
mapped against the increase in trophic |¢kFedmlin et al. 2023)A challenge to using this

approach is that it remains unliketyan ecological risk assessment contbat the



macromolecwdr content of ecological receptors and solubility in said macromolecules will be
known for a sufficient sweep of organisms.

Exposure modelsommonly used in ecological risk assessméortterrestrial organisms
largely follow the US EPA Exposure Factors Handb@eRA 1993) which provides guidance
and estimates to generalize ingestiooused exposurdSample et al. 2024The overarching
premise is to compare the exposure estimate against a laboratory toxicity reference value
(Sample et al. 2024y the media of interest and available in the toxicology literature (dermal to
dermal, dietary to dietary, etclhese types of maisand ecological risk assessment scenarios
have been utilize@Larson et al. 2018; Conder et al. 2021; Zodrow et al. 2@24peak to PFAS
mixturesin riparian and terrestrial environments based on empirical observations. In general, the
parameterization of these models is quite simple: matrix concentration multiplied by an uptake
factor multiplied by some sort of exposure factog soil concentration times bioaccumulation
factor would be a predictor of worm concentration. Worm concentration times trophic transfer
coefficient times proportion of diet as wor ms
ingestion, etc. Accordingly, toredict PFAS mixire exposure in any sort of expansive/inclusive
empirical manner requires a substantial amount of data. Collection of data in tivehfiedd
multiple trophic levels are evaluated is rare, especially in terrestrial environménésHo | | ander
et al. 2014; Fremlin et al. 2023 contrast, for some taxa, the magnitude of field and laboratory
data is substanti@éBurkhard and Votava 2023arthworms have the interesting properties of
being an intermediate carrier of sdérived contamination to upper trophewels while also
being a taxa reasonable to culture in a laborétdrgnce the amount of data available
Regardless, even when mixtures are of interest, the mixtures are effectively ignored. Larson et al.

(2018) estimated PFASpecific concentrations through a sediment to avian predator food web.
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The avian exposure (as a dose) for EPFAS was

reference valu€TRV) for PFOS. The assumption being that avian receptors are the most
sensitive to PFOS and there are no mixture interactions (dose additivity with equivalent potency
is assumed). This approach is considered protective, but it is not explicitly accurati nor is
precise(Larson et al. 2018)

This dissertatiomims toaddress the broad topic of improving understanding of terrestrial
organism exposure to mixtures of PF&&gurel): The target audience is largely ecological risk
assessors that have a need to address exposure estimates in wildlife that may be exposed to
mixtures of PFASThe second chapter identifies and priorgizepresentative surface soil PFAS
mixtures on DoD installations. The third chapter provides evidence of dose additivity in
exposure and effects in mice exposed to BitBrelevant PFAS. The fourth chapter quantifies
the toxicokinetics and potential foofrhic transfer of a foedeb driven mixture of PFAS in
terrestrial life stage amphibians exposed via diet. The last chapter similarly quantifies the
toxicokinetics and potential for trophic transfer of a faeeb driven mixture of PFAS, but in a
terrestrialmammal In sum, with a focus on empirical observations and efficiency, certain PFAS
(such as PFOS) are clearly worthy of their focus in ecological risk assessment, but other PFAS
(such as fluorotelomer sulfonates) and taxa (amphibian vs mammal) remain in datd bf
the meantime, approachable estimates are likely sufficient to advance the broader effort to

determine priority PFAS and remediation sites.
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PFAS are
mixtures

Inform Exposure

Estimates in
Terrestrial Systems

Mixtures in
Toads

Mixtures in
Rabbits

Figure 1. Graphical abstract of this dissertation. Broadly, this work is to inform PFAS exposure estimates in terrestrial systems. All
chapters are basally motivated by observations of PFAS in the environment as mixtures. Two broad types of mixturesrdye foci h
one based on observations from DoD sites and another that is emergent from (laboratemghfgpodcesses.
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ChaptSeurr f2a.ce soi | PFAS mi xtur es
Prioritization for ecotoxicity t

don
es

current @ni fioraey i nstallations.

Abstract

Per- and polyfluoroalkyl substances (PFA®tectionat military installations where
current and historical aqueous fiimrming foam (AFFF) use has occurrédve a need for
empiricalderivationof environmentally relevant PFAS mixturesfacilitate toxicity testing and
risk assessment efforté/e applied a formalized prioritization method to a large dataset of PFAS
concentrations in surface soil at ARFRpacted sites on active and former US Air Force
installations. Our approach revealed several obsensdboutPFAS at these sites. First,
perfluorooctane sulfonate (PFO&)curred most commonly and often at the highest
concentratioracross the PFAS measured. Sectowd,to threePFAS contributd 86 to 91%,
respectivelypf thesumPFASiIn any given sitespecific mixture. Third, after PFOS, the most
common and high concentrati®*AS among target analyte®reperfluorohexane sulfonate
(PFHxS), perfluorooctanoic acid (PFOA), perfluorooctanesulfonamide (PFOSA), and/or
perfluorohexanoic acid (PFHXxA), in that ord8ite specific PFAS mixtures are approximately 5
to 12% PFHxs, PFOA, PFOSA, and PFHXA behind approximately 82% Pxi@8er
observation relevant to future sampling is the high concentratiandartsistenprevalence of
the 6:2 and 8:2 fluorotelomer sulfonates (FT®s) uncertainty that could also be addressed
through future sampling is the detectiminess abundant or yet unmeasured PFAS that have
unknown or poorly characterized toxicological poteridyese results support the continued

importance of efforts to understand effects and exposure of PFO&blight the need to
13



consider other PFAS suchBBEHXS andluorotelomersn exposure and effect estimations to

supportecological risk assessmsimind ecotoxicological testing of PFASIXtures

Introduction

Per and polyfluoroalkyl substances (PFAS) are synthetic fluorinated chemicals used in a
variety of industrial and household goods and processes. One specific application of PFAS has
been as key constituents of aqueous-fitmming foams (AFFFs), which agesubstantial source
of environmental and occupationmaleases and subsequerposures t®FAS. AFFF have been
used on public and private airports for decades in Class Bifese&lmergency response and
training activitiegU.S. Government AccountabyiiOffice 2017; U.S. Government
Accountability Office 2018)The demand for PFABased AFFF was driven by the need to meet
specificationdor fire suppression; military specification (Mspec) qualified AFFF products
were those that contained PFAS. Importantly, the PFAS used ispéd qualified AFFF
products have changed over time in response to manufacturer coaicpsrformance criteria
(Leeson et al. 2021 oncerns related togpsistence, bioaccumulation, or toxicity of specific
PFAS constituentlas also driven change in PFAS used in AFFF prodiiesson et al. 2021)
These changes have resulted in a complex mixture of PFAS that could occur in the environment
associated with any given AFFF use site.

Importantly, as fate and transport processes act upon this cofap&Smixture,
changes in the PFAS mixture profile may be difficult to characte®iame overarching patterns
can be anticipated.hE transition to shoithain PFAS and fluorotelomer sulfonate PFAS in
AFFF products (after the voluntappase oubf PFOS and PFOA production by 3M) to reduce
the persistence and likelihood of bioaccumulatied,to release gfrecursorand byproducts

thathavethep ot ent i al t o b e degnPEOSfi(FieddramdiSeow RP047; Ruld S
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Pickard, et al. 2021; Zhang et al. 2021; Evich et al. 2082)ordingly, high concentrations of
PFOS in soil, sediment or surface water (or
historical AFFF products and/or contributions from new AFFF products plus biodegradation
processes. Further, there are empiricatoletions and modeling approaches that suggest PFAS
of concern such as PFOS are retained by the vadose zone under common soil and weather
conditions(Zeng and Guo 2023PFAS, in general, are olyged in highest relative
concentrations in surface/vadose zones compared to deep séBnptseau et al. 2020and
that, globally, soil concentrations are higher than many other environmental(datiaon et
al. 2022)

Additionally, contamination of soil by PFAS remains an impor{aotentialsourceof
PFASto both ground and surfagetess (and, by extension, drinking wat€gohnson et al.
2022; Zeng and Guo 2023)he general conceptual model AfFFFassociate®PFAS
environmental impact is that AFFF was used on land in an emergency or training event which
likely resulted in PFAS contamination of soil and nearby surface waters. Subsequently, based on
anion disassociation, binding characteristics, and water sgjuBiIFAScan betransported from
surface soil to groundwater and/or surface wigeay. Zeng ad Guo(2023). This conceptual
model has been describedrisk assessment contextieviously(Salice et al. 2018; Conder et al.
2021; Leeson et al. 2021; Ruyle, Pickard, et al. 2@2t)sets the stage for problem formulation
and scenario characterization for sfeecific risk assessments focused on estimating risk from
PFASmixtures with AFFF sourcgdohnson et al. 2022nd potentially currer®FAS
regulatory efforts (e.g. Drinking Water proposed (HEA 2023). Previously, we identified
priority PFAS and PFAS mixtures in surface water samples collected near AFFF use sites to help

guide ecotoxicological studies and problem formulation in support of ecological risk assessments
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(East et al. 2021and these priority PFAS have been cited in toxicokinetic model development in
humangSweeney 2022Yoxicity testing in tadpole@oskins et al. 2023 nd aquatic
invertebrateg¢Kadlec et al. 2024)

In the effort to prioritize PFAS in surface waters near AFFF use sites, the focus was
based on which PFAS and PFAS mixtures were likely to result in exposure to ecological (and
human) receptors. An alternative approach mightaalselativetoxicity as a guide for
prioritizationbut thisbecomegproblematiagiventhat toxicity data is, at present, limited to
relatively few PFAS. It should also be noted that exposure is a prerequisite for toxicity, so
focusing on potential exposure is effective. Rewestial and/or soddwelling organism toxicity
dataexists(seeAnkley et al.(2021)or Zodrow et al(2021)for summaies), but even fewer data
based on PFAS mixtures that may be present on AFFF usexgeStudies conducted by
Dennis, Subbiah et al., Dennis, Hossain et al., Dennis €2@2]; 2021; 2022andBursian et
al. (2021)exposed quail to binary mixtures of PFOS and PFHxS, PFOS and PRRXRFOS
PFOA plus a legacy 3MrandAFFF product, respectivelyand are specifically AFFFelevant
terrestrial toxicity datasetén surface water, fodlPFAS mixturesnake upover 80% of the sum
PFAS in any given sample from AFmRpacted DoD sitefEast et al. 2021)The question
remains as to whether o6classicbdb binary mixtur
mimicking unweathered AFFF products a sufficiently representa® mixtureareeffectively
supportingterrestrial ecological receptexposure and effect estimatiohonetheless, efforts to
prioritize PFAS in soils based on likelihood and magnitude of exposure is more tractable than a
focus on toxicity given the data available.

The dataset analyzed here is based on environmental matrix sampling and PFAS

guantification at US Department of Defense installations (largebyAir Force). Samples were
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collected from surface solil, sediment, groundwater, and surface water. The PFAS data from these
samples have been interpreted as a wifabelerson et al. 2016based upon specific matrices
(surface waterEast et al(2021), specific locationgAnderson et al. 2019n specific risk
assessment scenaridsod web exposurd;arsonet al.(2018), or specific risk assessment data
needs (background concentrations; Anderson and M@ig4). Each of these analyses have
identified specific PFA®r specificconcentrationgas more likely to be importato ecological

risk assessors. For instané@derson et al(2016)identified PFOS as an important PFAS in
AFFFsourced contaminatidmased on the relatively high measucedcentratioaandvery
frequentdetectios in samplesEast et al(2021)identified PFOS, PFHxS, PFOA, and PFHXA as
key PFAS irsiterepresentative mixtures for surface water based on sammpéggitude
frequency of occurrengand concentration.

Given the widespread nature of PFAS impa&atterrestrial environments and subsequent
exposures to humans and wildlife, it would be helpful for ecotoxicologists and ecological risk
assessors toave ara-priori sense ofvhich PFAS and PFAS mixtures are likely to occur in
surface soils at 1$. DoD installations with current and/or historical AFFF u@ar main goal
here is to identify the most prevaldPEASand PFASmixturesdetected in surface sailith high
confidencgObjective 1) ando then identify a representative mixture éxploring thePFAS
specific proportional contribution to sum PFASbjective 2). Collectively, the results of this
soil PFAS prioritization camform risk assessment and toxicity testing efftwotéill data gaps
associated with PFAS mixturéd/e present the resulbé these objectives using the formalized
prioritization process developéar surface water sampl¢East et al. 2021)'he importance of

these insights are discussed to provide to the ecological risk assessment comdaitiotyal
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contextfor understandingerrestrial fate and transport of PFAS and what is known about toxicity

of the representative compound mixtures to terrestrial ecological receptors.

Methods

The methods for the current effort largely follow the approach of East(20all) In
short, East et a(2021)utilized a surface water data of multiple PFAS analytes at multiple sites
across multiple U.S. military installations over several years to similarly identify priority PFAS
and PFAS mixtures. Here, priority refers to those PFAS that, based on the a\dalah!
representative of the PFAS in any given soil sample with potential to result in exposures to
receptors. In East et §2021) there vere three considerations in identifying priority PFAS or
PFAS mixtures. The first was concentration of individual PFAS as risk assessors would likely
begin to conceive conceptual models around those PFAS likely to lead to high exposure of
receptors. The send was mixture profile, which, based on stakeholder input, was described by
the dominant proportions of sum PFAS. The result of East @0#1)was that the priority
mixture profile was the most prevalent PFAS mixture that captured more than 80&afrth
PFAS at a site. The third consideration in East €2@R1)was data quality. Critically, the
confidence in any prioritization approach must consider data quality. Several metrics were used
to describe data qualidyincluding number of samples, proportion of analysis across sites
(completeness), and number of saesphbove method reporting limits among other statistical
descriptors.

As described in East et 42021) PFAS and PFAS mixtures in surface water were
considered higher priority based on high concentration, high representativeness, and high data
gual ity (AGroup 1(8021),dut BFAG or BFAS mixtUtes iv surfaed watarl

that had varying concentrations, different degrees of representativeness, and low data quality
18



were considered a secondarhegre@ndin BastiettdB021).ft Gr ou p
is anticipated that increased sampling effort could resolve data quality concerns and increase
confidence in both the concentration and representativeness of a Group 2 PFAS.

Similar to East et a(2021) stakeholders were involved iteratively throughout analysis
and communication stages as PFAS characterization and prioritization were developed and
refined. The dataset used here has many of the uneven characteristics of Ander$2dl€)al.
and East et a(2021)so confidence in occurrence and magnitude remains a key component in
establishing higher priority PFAS. Hence, key factors contributing to priority PFAS included (1)
PFAS that are observed consistently in sampldg2nat relatively high measured
concentrations. It is important to acknowledge that this approach is applied to the dataset of
PFAS measurements from DoD AFFF use sites and, therefore, likely has limited utility for sites
with different PFAS sources oven different AFFF product use (e.g. AFFF not meeting Mil
spec). While the outcomes presented here are
soils from AFFF sites, o0 given the path depend
and commaication, we acknowledge that different outcomes are possible as a result of different
interests, choices, or endpoints analyzed. That said, we also believe the method used here is
robust and would likely lead to very similar priority PFAS and PFAS mistloeAFFF sites.
While our primary goal, motivated by terrestr&lurced PFAS impacts to aquatic systems
(Salice et al. 2018; Conder et al. 2021; Leeson et al. 2021; Johnson et gliPRentify
soil-specific PFAS and PFAS mixtures for testingl aisk assessment, a secondary goal is to
demonstrate the efficacy of this method and its outcome for this specific dataset given the

heterogeneity of the dataset (e.g., not all PFAS measured from all samples). All graphics and
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summary approaches were performed using the R statistical language (versiqiR400/%®

Team 2024)

Dataset

The major characteristic of the dataset available is that sampling was focused on current
and historical AFFF use in both training and emergency responses at military installations,
generally in Class B fire suppression. Not all sample sites were dicectigminated (e.g.
training sites with direct/neatirect application to surface soil), but all sample sites were within
installations where AFFF usage has occurred. Therefore, PFAS occurrence and detection at a
specific site was a product of either dirapplication or environmental mobility and associated
environmental fate and transport processes.

Surface soil PFAS concentrations, reported as ug/kg, were obtained from 941 sample
sites across 149 installations, and varied by 7 orders of magnitude®tbx101¢ ppb). There
was uneven sampling across time, location, and PFAS analyte; this unevenness, however, was
captured by sampling confidence metrics (completeness, number of samples, etc.) developed in
East et al(2021) We did not explicitly account for year as there are minimal influences of time
on limit of detection or reporting in concentmatimetadataliable SI21 andFigure SI21).
Similar to East et a(2021) we generally excluded nadetects as it is unlikely that they would
be relevant for exposures to ecological recef®rssseau et al. 202@nd that lowlevel (i.e.
background) PFOS concentrations in this dataset are unlikely to impacted by any particular non

detect management stratg@ynderson and Modiri 2024)

20



Data Processing

Data were summarized dependent on the scale of the analysis. Fordataseimmary
metrics, PFAS data were summarized by individual PFAS compound. For determination of the
contribution of each PFAS relative to a site sum total, PFAS were summarizitel @yithin
installation) and PFAS. Lastl vy, PF-REABat a wer
mixtures) across all sites across installations to identify final representative, high confidence

mixtures.

Confidence and Summary Metrics

Summary metrics for each PFAS at each site were: number and proportion below
minimum detection level (<MDL, below the ability for an instrument to differentiate signal from
noise), below reporting level (<RL, above the MDL but below some prespasificquality
criteria for reporting), above reporting level (>RL, a concentration that meets all quality criteria
for reporting), total count of samples, mean, median, 95th percentile, and standard deviation (sd)
of log,, adjusted concentrations, and complessn€ompleteness, represents how frequently
each PFAS was included as an analyte and is calculated by the number of samples taken where
that specific PFAS was included as an analyte divided by the total number of samples collected.
In essence, the completess metric provides a measure of confidence in Psp&Sific
inferences. As an example, a given PFAS that was included as an analyte in only 50% of the
samples would have a completeness score of 0.5. Generally, the higher the completeness score,
the moreconfidence there would be in concentration distributions and frequency of occurrence.
Those values below reporting level but above minimum detection were presented in summary
statistics as unadjusted values (not adjusted as in 0.5*RL, etc.) to spedificafiyon higher

concentration PFAS which are likely to lead to high exposures to receptors and, hence, a focus of
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risk assessments. When replicate data were summarized by site and PFAS, Hsp&HNRS

95th percentile was used as the-giise representative value. Including this as a-tagt

estimate is conservative and such values are often used in screenssgnasse that initially

focus on high concentration sites or PFAS. Confidence increases with high sample size, high
completeness scores, frequent occurrence and high proportion of samples above reporting limits.
Confidence metrics were largely used to gufdebest representative PFAS or mixture within

this specific dataset, not a universal sense of PFAS sampling effort in all environments.

Prioritization Workflow

AsinEastetal202l) data were first o6tidiedd follow
(2016p checked for obvious omissions, typographical errors, etc. Given the size of the dataset:
>140,000 individual measures across 31 PFAS at 941 sites within 149 installations, and the
mul tivariate prioritization sclklpuseful(seetode 60t i dy
example inSI) (Wickham et al. 2019)Once tidy, the dataset can move to the analysis stage,
which, in this case, consisted of summarization steps to produce the nesdeptigte statistics
for figures.

Throughout and as in East et @021) visualization was a critical element of this
approach. The first series of graphics were produced to provide a sense of the confidence in
sampling of each PFAS. Specifically, the number of samples that fell into each detection class by
PFAS across all ®s. Stakeholder input here was based on clearly identifying the variation in
sampling effort and relation to detection class frequency. The second graphic involved a heatmap
and clustering dendrogram to identify patial clusters of PFAS both in summary concentration
statistics and confidence metrics. This analysis was conducted across the entire dataset and is not

spatially explicit to installation (or site within installation). The heatmap color scheme was fitted
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by a zscore calculated by column to visualize the deviation of each cell against its column
6neighbors. 6 The dendrogram was fitted by the
hierarchical clustering in the R function {hclugig Core Team 20245takeholder input here

was to identify statistical trends by PFAS, irrespective of site, and retaining a sense of sampling
effort and subsequent confidence. The third graphic focuses on identifying the number of PFAS

that contribute to relevant mixtures a sitespecific basis. We sought to identify the minimum

number of PFAS from a given site that comprised 90% or more of thetotaPFAS for that

specific site. Stakeholder indicated a desire to identify the majority bulk contribution of specific
PFAS to any given sample to determine i f a 06s
represent any given sample. The final series &blgics were generated to identify the

proportional contribution of individual PFAS (i.e., PFOS) to total PFAS concentration in the
mostprevalent 3PFAS mixtures. We represent the most comm®&+AS mixtures as

proportional contribution to sum PFAS and secondarily, represent the second and third most
common PFAS in relative ratios to PFOS which was universally the first most common PFAS.

The ultimate objective, informed by stakeholder interests, was to identify the most

representative, simplest, and most confident high concentration PFAS mixture(s). These PFAS

and PFAS mixtures would likely be of initial highest concern from an exposisegutive.

Secondary objectives were to then identify PFAS or PFAS mixtures that may have more variable
representativeness, confidence, or concentrations and would be considered high priority for
future sampling effort.oddmapadtepan ohf ohmsecao
designs and provide some insight for risk assessments by, for example, infanoniog

problem formulation for terrestrial ecological receptors.
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Results

Ranking individual PFAS by sampling and analysis effort yielded the following seven
PFAS as the highest and most commonly measured: PFOS, PFHxS, PFOA, PFHXA, PFBA,
PFENA, PFHpA Figure 21). Because these seven PFAS had the largest number of samples in
which they were measured, this translates to high confidence in subsequent numerical and
representativeness interpretation with respec
Figure2.2 and below). The vast majority of samples with PFOS detections were above the RL,
which indicates that concentrations were likely higher or PFOS measurement techniques were
the most developed (along with the other highly studied PFCAs and PFSAS). Tha&FAS
included in Group 1 exhibited some variation in sampling effort but generally have lower
proportional detection frequency than PFOS. Sampling effort and detection frequency could be
attributed to availability of analytical techniques over time (eligorételomers and new
alternatives such as ADONA have fewer opportunities for detection).

The heatmap and dendrograigure2.2) identified the PFAS within three dominant
clusters across all sites and measurements of each PFAS. Interestingly, PFAS in Group 1 had
measurable concentrations that spanned relatively low (PFHpA) to high values with PFOS being
the highest. Group 2 PFAS@&Group 3 PFAS consistently decrease in completeness and
proportion > RL, but have varying measured concentrations (upper and lower pofigaref
2.2). An important note about Group 1 PFAS is that PFOS was clustered by itself, split at the
same level as the rest of the PFAS in Group 1 (see dendrogFagure2.2). This clearly
indicates that i f we 6zoom ind one | evel to r
represent a separate distinct group. This is suggestive of the dominance of PFOS alone in soll

and not just as a dominant member of a representativtaneix
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To identify the complexity of PFAS mixture

samples, we identified the number of PFAS chemicals that, generally, represent the majority of
the sum PFAS for a given site. To do this, we plotted the indivituBIFAS proportional
contribution to sitespecific sum PFAS against tite rank of contributionKigure2.3). The
median proportion of sum PFAS accounted for by the two highest contribution PFAS was 0.86
and adding a third PFAS raises this median to 0.91 of the sum PFAS. Accordingly, across all
samples and sites, a thtfEBEAS mixture accounts for more than 96¢the total sum of all
PFAS for that sample and site. On a-specific scale, two or three PFAS represent the vast
majority of sum PFAS by concentration.

By ranking the count of observations in the four most preval®#AS mixtures, we
were able to determine that PFOS, PFHXS, PFOSA, PFOA, and PFHXA occur most frequently at
sites and were representative of spatially explicit surface soil PFAS mixturésatidapacted
sites Figure 24). It is clear fromFigure 24 (see alsd-igure SI22 andFigure S123) that PFOS
was the most prevalent and highest contributor to sum PFAS in the representative mixtures. Mix
1 we would consider the most common representative PFAS mixture and it was comprised of
PFOS, PFHxS, and PFOA as the first, second, and third highmsibutors to sum totaF{gure
24). The remaining three mixtures include PFOS>PFHxS>PFHxA; PFOS aloterfixture);
and PFOS>PFOSA>PFHXS in descendinder Figure 24, alsoFigure SI22, Figure SI23).

An additional, experimentally relevant route to label mixtures was by ratio against PFOS
(the most prevalent majority contribution to sum PFAS) or as total contribution to the sum
PFAS.Table 21 andFigure 25 shows that median ratio to PFOS for PFHxS, PFHxA, PFOA,
and PFOSA were 10%, 3%, 3%, and 3% (rounded to single digit), respectively. The overall

distributions indicate that these target secondary PFAS were unlikely to occur in ratios above
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0.25 or 0.5 (i.e., ratio = target PFAS concentration / PFOS concentration) for PFHxA, PFOA,
and PFOSA, or PFHXS, respectively, at approximatehp#tcentilesFigure 25). These

extreme scenarios were notably similar to the ratios of PFHxS to PFOS in the surface water
analysis of East et g2021) Overall, regardless of PFAS, the primary PFAS in a mixture study
representing AFFfmpacted military installation soil should represent approximately 81%, the
second contributor 12%, and the third 5% of the sum PIF&fBie 24, dashed lines). Thereby
capturing 98% of the sum PFABigure 24 andTable 21). When weighted to a complete
mixture (e.g. 81/(98/100) for the dominant), these values round to 83%, 12%, and 5%.

It is important to note that the prioritization of PFAS is not strictly based on occurrence at
high concentration. The frequency of occurrence and sampling effort was also impogianet.
S12 4 andFigure SI25 (along withTable 21) show that other PFAS are sampled at high
concentrations (e.g. 8:2 FTS), but given the low rate for which they were saimptedietected
and quantified, we have reduced confidence in prioritizing these or classifying them as
Ar epr es ent astimperan uncedamty.tThey areh However, prioritized as requiring

increased sampling effort to further understand their magnitude in surface soil samples.
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Table 2.1. Priority ranked perand polyfluoroalkyl substances (PFAS) and PFAS mixtures with summary data and short description

of priority justification based on aqueous fffimor mi ng f oam ( AFFF) i mpacted surface soil
proportional réios use sitespecific 99" percentile concentrations.
Mean (SD) pg/kg 75th  95th Justification
PFOS 1058(10143) 136 2000 "Group 1"
PFHXS 105(782) 18 235
PFHxA 33(267) 5 a7
PFOA 61(1180) 6 86
FOSA 134(1041) 16 273
25th,Median, 75th (95ths) PFOS
PFHXS : PFOS 0.04,0.09 0.23: 1 ith most dominant
PFHXA : PFOS 0.01,0.03 0.09: 1 binary mixture
PFOA :PFOS 0.01,0.03 0.11: 1
FOSA :PFOS 0.01,0.02 0.08: 1
Median Prop. of Sum PFAS
(95ths) TotaP
PFOS: PFHXS: PFOA 0.79:0.08: 0.04 0.91 ith most common
PFOS: PFHXS: PFHXA 0.74:0.13:0.04 0.91 3-PFAS mixture
PFOS: NA :NA 1.00 : NA: NA 1.00
PFOS: FOSA : PFHXS 0.76 : 0.10: 0.05 0.91

aThe proportion of the total sum PFAS accounted for by the speeitieBical mixture.

SD = standard deviation; prop. = proportion®'7&tc. = 74 percentile, etc.; NA = not
applicable; PFOS = perfluorooctane sulfonate; PFHxS = perfluorohexane sulfonate; PF(
perfluorooctanoic acid; PFHXA = perfluorohexanoic acid; FOSA = perfluorooctane
sulfonamide.
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Figure 2.1 Total number of samples collected for each PFAS divided into detection categories.
<MDL (green) is below minimum detection limit, <RL (blue) is below reporting limit, >RL
(orange) is above reporting limit, and Over (gray) indicates sample measuremespovied

but above range of standard curve in analytical techniques. Importantly, samples of >RL
(orange) are considered highest confidence. The actual concentrations for MDL, RL, and Over
vary by the PFAS, the laboratory performing the analysis, antthtieeof sampling and analysis
(see the SI). PFBS = perfluorobutanesulfonic acid, PFPeS=Perfluoropentanesulfonic acid,
PFHxXS = perfluorohexanesulfonic acid, PFHpS = perfluoroheptane sulfonic acid, PFOS =
perfluorooctanesulfonic acid, PFNS=Perfluorononalfiesic acid, PFDS = perfluorodecane
sulfonic acid, ADONA=Ammonium 4;8ioxa3H-perfluorononanoate, 11EHF30UdS=11
Chloroperfluore3-oxaundecanesulfonic acid, HFHIA=Perfluore2-methyl3-oxahexanoic

acid, 9CIPF30ONS=PerfluorofZ(6-chlorohexyl)oxy)ethanegfonic acid), NetFOSA = N

et hyl perfluorooctane sul fonamide, NEt FOSE = N
NMeFOSA = N methyl perfluorooctane sul fonamide
sulfonamidoethanol, NetFOSAA =-dthylperfluorooctane sulfon@de acetic acid,

NMeFOSAA = Nmethylfluorooctane sulfonamide acetic acid, PFOSA = perfluorooctane
sulfonamide, 4:2, 6:2, 8:2 FTS = 4:2, 6:2, 8:2 fluorotelomer sulfonate, PFBA =
perfluorobutanoic acid, PFHXA = perflurohexanoic acid, PFHpA perfluoroheptanm, PFOA

= perfluorooctanoic acid, PFNA = perfluorononanoic acid, PFDA = perfluorodecanoic acid,
PFUNA = perfluoroundecanoic acid, PFDoA = perfluorododecanoic acid, PFTrDA =
perfluorotridecanoic acid, PFTA = perfluorotetradecanoic acid.
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Figure 2.2 Heatmap and dendrogram of each-perd polyfluoroalkyl substance (PFAS) and
summary metrics across all data. Completeness is at the site within installation level (number of
sites sampled out of total number of sites possible [N = 941]). Median, maxaataist deviation

(SD), and 75th and 95th percentiles are log, base 10, values. N total is total number of sampling
efforts regardless of detection level. RL is reporting limit and MDL is minimum detection limit

as reported by each analytical laboratanydach sample analysis. Prop. is proportion. Red,

orange, white, light blue, and dark blue represent the scale from low to high based on column
specific zscores for the distribution of data in cells. PFBS = perfluorobutanesulfonic acid,
PFPeS=Perfluoropganesulfonic acid, PFHxS = perfluorohexanesulfonic acid, PFHpS =
perfluoroheptane sulfonic acid, PFOS = perfluorooctanesulfonic acid,
PFNS=Perfluorononanesulfonic acid, PFDS = perfluorodecane sulfonic acid,
ADONA=Ammonium 4,8dioxa3H-perfluorononanoatd,1CFPF30UdS=14Chloroperfluore
3-oxaundecanesulfonic acid, HFHIA=Perfluoro2-methyl3-oxahexanoic acid, 9€l
PF30ONS=Perfluoro(2(6-chlorohexyl)oxy)ethanesulfonic acid), NetFOSA = N

et hyl perfluorooctane sul f onami dmanidostitanok OSE = N
NMeFOSA = N methyl perfluorooctane sul fonamide
sulfonamidoethanol, NetFOSAA =-8thylperfluorooctane sulfonamide acetic acid,

NMeFOSAA = Nmethylfluorooctane sulfonamide acetic acid, PFOSA = perfluorooctane
sulfonamide, 4:2, 6:2, 8:2 FTS = 4:2, 6:2, 8:2 fluorotelomer sulfonate, PFBA =

perfluorobutanoic acid, PFHXA = perflurohexanoic acid, PFHpA perfluoroheptanoic acid, PFOA
= perfluorooctanoic acid, PFNA = perfluorononanoic acid, PFDA = perfluorodecanojc acid
PFUNA = perfluoroundecanoic acid, PFDoA = perfluorododecanoic acid, PFTrDA =
perfluorotridecanoic acid, PFTA = perfluorotetradecanoic acid.
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Figure 2.3 Cumulative proportion of sum peand polyfluoroalkyl substances (PFAS)
concentration from a sample (Xi/sum[Xn]) against the ranked ith of n PFAS in that sample.
Three chemical mixtures of PFAS were the simplest mixture that described >90% of the sum
PFAS,on average (see bottom of figure).
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Figure 2.4 Relative composition of the-8er and polyfluoroalkyl substances (PFAS) mixtures
that represent the majority of thePFAS mixtures that then account for approximately 90% of
the total sum sitspecific PFAS. In essence, this represents the simplestrepossentative
PFAS mixture profile for the surface soil data set. Mix 1, Mix 2, etc. represent the top four 3
PFAS mi xtures by occurrence (n). Note Mix
perfluorooctanesulfonic acid (PFOS) and no other detected PFASt aotnally a mixture.
PFHXS = perfluorohexanesulfonic acid, PFOS = perfluorooctanesulfonic acid, PFHxA =
perflurohexanoic acid, PFOSA = perfluorooctane sulfonamide.
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Figure 25 Proportion of binary mixture dataset larger than observed ratio to PFOS
concentrations (w:w, ¢€g) for PFHXxS, PFHx A,
cumulative distribution functions fitted to observed values (smooth appearance is dge to lar
sample sizes). Median estimates are listed in top right and demarked by vertical lines on plot. X
axis is logscaled. PFHxS = perfluorohexanesulfonic acid, PFOS = perfluorooctanesulfonic acid,
PFHXxA = perflurohexanoic acid, PFOSA = perfluorooctantosaimide

Discussion

Overall, these results show that PFOS is a dominant PFAS in surface soil samples at

current and historical AFFF use sites on Air Force installations. Indeed, PFOS alone was
32
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identified as the third most common observed
PFAS mixtures that are representative of these sites are relatively&itmger three PFAS

capture the vast majority (>90%) of sum PFAS. The focus of this analgsiglentifying a
representative mixture while limiting confounding effects potentially introduced by relying on
concentration alond-{gure SI24 andFigure SI25). While PFAS concentration would likely

drive ecological risk assessment site selection, confidence based on sampling effort (among other
metrics) and identification of a representative mixture inform problem formulation efforts and

allow risk assessorse tontextualize sites with similar AFFF use profiles.

The similarity of PFAS mixtures in surface water (also PFOS and PFHXS dominated)
supports the hypothesis that observed surface water PFAS mixtures proximal to AFFF use sites
(East et al. 2021; Ruyle, Pickard, et al. 20&®) similar to surface soil, however we note the
overall relative reduction in complexity in surface soil mixtures compared to surface water
mixtures. In the characterization of surface water PFAS mixtures, the data showed that mixtures
comprised of foudifferent PFAS equaled or exceed o of sum PFAS; in surface soils,
however, three PFAS mixtures exceeded 90% of sum PFAS. Further, among the four most
common3PFAS mi xtures in soils, the PFOS al one we
ecotoxicological studies in mind, the binary topes used by Bursian et §€021) Dennis,

Subbiah et al(2021) and McCarthy et a(2021)are clearly very relevadtPFOS and PFHXS
capture an approximate range of@8®% of sum PFAS in representative soil mixtures. Further,
these mixtures are best dabed as 90:10 PFOS:PFHxS and the resultant observed toxicity in a
study, with such an exposure scheme, would largely be a function of PFOS unless PFHXS was

identified as 1&old more toxic than PFOS.
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Although the results point strongly to PFOS as a dominant constituent of surface soils
contaminated by AFFF dd.S.DoD installations, it is worth noting the high concentration of
fluorotelomer sulfonates (6:2 FTS and 8:2 FTS here) that occur in some samples. Collectively,
the FTS chemicals were components of the ninth most common PFAS miBiuee(S123,

Figure S124, andFigure SI25). These PFAS may be of interest for ecotoxicological studies
because of their inclusion in recent qualifie
(Gharehveran et al. 2022; Jones et al. 2022; East, et al. 2023upplementary material in

Ruyle, Thackray et a(2021). The toxicity of the FTS products alone is of interest, but it is also
important to consider that fluorotelomer sulfonates are precursors to other more stable PFCA (as
summarized in Evichet g2022) and, hence, there is the poter
space and time resulting from transformation of FTS to related PFCA. It is not unreasonable,

given consideration of fatnd transport processes and age of these sites, that observations of
high abundance of oO0terminal é perfluorocarboxy
directly from fluorotelomer formulations of historically applied AFFF prod(Risyle, Pickard,

et al. 2021) Similarly, PFOS and PFOSA observations may be terminal or intermediates,

respectively, in the degradation of NEtFO&Bang et al. 202vhich (among the other related
precursors (as summarized in Evich e(2022) was observed rarely or @aw concentrations

(Figure 21, Figure2.2, Figure S124). These results suggest that both PFOS and PFOS

precursors in surface soil contribute to a similar signal which is high terminal PFAS such as

PFOS. This concurs with other observations, albeit in surface (fRatgle, Pickard, et al. 2021)

Given the indication that many precursors that are related to 6:2 FTS may be identified in
contemporary AFFF products (Ruyle, Thackray, et28121) and see 6:2 FTS in Buckeye

(Gharehveran et al. 20229nd that transformation processes are divésieh et al. 2022,
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amongothers) her e i s evidence that the reduction
may be a signal of some transformation of AFdelarced PFASRuyle, Pickard, et al. 202and

that current samples of surface soilresgent the integration of decades of physicochemical
activity.

The importance of soil as a test system relevant to ecotoxicology and ecological risk
assessments is largely based on surface soil in AFFF use sites as a source of PFAS exposure.
Multiple researcheréSalice et al. 2018; Conder et al. 2021; Leeson et al. 2021; Ruyle, Pickard,
et al. 2021; Johnson et al. 2022; Zeng and Guo 202a&) described the movement of PFAS
from terrestrial environments through groundwater to surface water. This implies that organisms
in multiple habitats proximal to AFFF use sites could be potentially exposed, but also that
exposure to PFAS could occur ayvfrom AFFF use sites by eéite transport of PFAS via
surface water. A conceptual model of sifgecific PFAS and or AFFF contamination by Leeson
et al.(2021)indicated the clear acceptance of this hypothesis of PFAS movement within and
beyond AFFF ussites on military installations within the largeale U.S. Department of
Defense effort to study AFFF use sites. Anderson €2@21)provided a similar summary of
research on fate and transport properties of PFAS on AFFF impacted sites supportedl 8y the
Department of Defense. Data gaps and areas of development highlighted include phase
partitioning and leachability. This clearly highlights that to perform a-biggdity risk
assessment of either a site or chemical/chemical class and the reqposdreestimates, and
understanding of the movement of PFAS from source zones to receptors is critical. Phase
partitioning is particularly problematic for PFAS as the suHact@/e properties of PFAS are
critical to their usefulness but complicate anttipg where to find PFAS in a given abiotic

environment or across variable abiotic environmé&iésng and Guo 2023 he obvious
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extension of this concept is related to leachability and the larger scale understanding of how fate
and transport processes as a whole can be applied to estimatearud offsite exposure
(Brusseau et al. 2020; Zeng and Guo 2023; Anderson and Modiri.2024)

Koch et al(2020)indicated an interesting amendment to the hypothesis described above
where surface soil sources of PFAS eventually lead to groundwater transport and surface water.
They observed isotopically labeled PFAS moving from surface water to riparian systems via
emergent aquatic insects and their trophic transfer to riparian/terrestrial predaicinset al.

2020) The implication of this observation is that the movement of PFAS may even be classified
as multidirectional and requiring not jusbghisticated physicochemical models to predict fate
and transportZeng and Guo 2023but dynamic models of laregeale systems that link biotic

and abiotic processes. Falk et(@019)explored the influence of time on movement of PFAAs
throughout a terrestrial system and suggested that, in general, PFAS concentrations tend to
decrease through time which, would imply slowing of transport from source zones or reduced
source zone concentians. They did, however, note that PFBA appeared to be increasng o
time (Falk et al. 2019)Potentially, this may be due to cyclical patterns of PFAS movement
through systems, but incomplete characterization of source zones and uncertainty around fate
and transport properties of individual and mixtures of PFAS remain problematic to resalving th
discussion.

Regarding toxicity of PFAS mixtures to terrestrial ecological receptors, there are few
data. Even fewer toxicity data are in context of the potential variability in exposure pathways
from soil to receptor. Accordingly, concerns about additive, synergastiagonistic, or other
mixture toxicity properties may remain uncertainties for ecological risk assessments regardless

of available toxicity data. The goal of this paper was to identify PFAS soil mixtures relevant to
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AFFF-contaminated soils to help inform ecological risk assessments but also ecotoxicological
studies. Zodrow et af2021)summarize riskbased soil screening levels (RBSLS) for a variety of
PFAS and wildlife receptors. Importantly, while this summary is a critical addition to the data
availability, it does not explicitly account for mixture effects beyond additivity. Reggsdl

some context of relative potency across PFAS while accounting for exposure can be applied to
this work. In Zodrow et al2021) the lowest NOAEEbased RBSL (most protective of all taxa
and PFAS evaluated) was for PFOS. The PFOS valuefadidbwer than the PFOA value, two
orders of magnitude lower than PFNA, three orders of magnitude lower than PFBA, and four
orders of magnitudewer than the PFHXA NOAEbased RBSLs across all taxa evaluated
(Zodrow et al. 2021)While the lack of perfluorosulfonates (i.e. no PFHXS) is a limitation of this
comparison, none of the sites in our analysis have PFGAldAigher than PFOS-{gure 25)

and the interpretation is that risk from PFAS other than PFOS in soil may be low due to
comparatively low exposure and toxicity.

Relative potency as well as mixture effects of PFAS are critical issues with respect to
understanding and estimating risk to ecological receptdnslerstanding effects of PFAS
mixtures is an active area of study; varied approaches for PFAS mixture éffieetbeen
described. Goodrum et #2021)and Bil et al(2021)describe PFAS mixture toxicity in
mammals as not additiy&oodrum et al. 20219nd additivgBil et al. 2021)argely based on
divergent interpretations of the degree to which dose resganstions are parallel. An example
of several studies that explored mixture effects in terrestrial wildlife species included exposures
to PFOS, PFHXS, PFHxA, and binary mixtures of each combin@ddennis, Subbiah, et al.

2021; Dennis, Hossain, et al. 2021; Dennis et al. 202@y ultimately found that that PFHxS

and PFOS were more bioaccumulative, but that PFHxA was more toxic than PFOS or
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PFOS:PFHxXS mixtures in qugDennis, Subbiah, et al. 2021; Dennis et al. 2028js

observation confounds the attractive and simplifying assumption that sum PFAS would be
directly related to protective toxicity thresholds from single PFAS (e.g. Larson(20&8)used
PFOS avian toxicity reference values (TRVS) to estimate risk of sumPFAS exposure). In
contrast, in Bursian et gR021) quail exposed to PFOS only were more sensitive than quail
exposed to a PFOS:PFHXS:PFBS:PFOA containing AFFF. Thigestggthat the slight

reduction in toxicity of AFFF may not be due to mixture interactions or differing mechanisms of
toxicity between constituent PFAS, but simply a reduction in exposure to PFOS. Of note,
Bursian et al(2021)suggested PFOS TRVs in alignment with the Newsted €G05) TRV,

an oft cited terrestrial toxicity study, while others (e.g. Dennis €2@22) suggest much lower
TRVs for PFOS and PFOS containing mixtures, although these studies did incorporate different
exposure pathways.

Gray et al(2024)re-analyzed the data of Bursian et(@021)to specifically ask whether
dose addition or response addition (independent action) approaches could more successfully
predict the lethal response of quail chicks exposed to PFOS and PFOA mixtures via diet. Gray et
al. (2024)identify that PFOA is approximately half as potent as PFOS in day 8 lethality
measures and that dose addition is the best predictor (i.e. PFOS:PFOA mixtures can be
appropriately described via relative potency approachesprdingly, movement of PFOA from
soil to diet must be twice that of PFOS at a site with equivalent PFOA and PFOS concentrations
in order to generate equivalent toxicity of PFOA. A protective estimate from Figure 5 suggests
only 5% of the sites in the tiset used here may have equivalent PFOS and PFOA soill
concentrations. Using the summarized soil to plant (quail are granivorous) bioaccumulation

factors from Zodrow et a(2021) the movement of PFOA from soil to plants is"lfBat of
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PFOS. Accordingly, a relevant site would have to contaifoRDhigher soil PFOA than PFOS
to generate equivalent plant concentrations. There are no sites in our dataset with this soil
concentration relationship between PFOS and PFOA and it is subsgdoeritkelihood (under
the constraints of this scenario) that an avian diet witfoRDhigher PFOA (compared to PFOS)
concentration would be identified.

In regards to perfluorosulfonates, data in wild mamnf2dsgmyscus p p . , Adeer
exposed to PFOS or PFHXS individually is available. Narizzano @022; 2023)dentify
LOAELSs for a variety of endpoints relevant to populatievel effects such as litter loss and
stillbirths at 1.0 mg/kgl PFOS and 14 mg/kg PFHXS. If an additivity approach (as identified
in humans (i.e. mammals) in Bil et §021) is assumed, then a mouse would require a diet 14
fold higher in PFHxS compared to PFOS to exgegtivalent toxicity. Goodrum et dR021)
would suggest that the dietary toxicity thresholds of PFOS and PFHXS are additive and this
proportional interpretation is reasonable. However, considering internal dosimetry (serum
concentrations), Goodrum et £021)do not identify parallel dose responses for PFOS and
PFHXS and this proportional approach may not be reasonable.

In conclusion, we demonstrate that sites proximal to current and historic AFFF use on
U.S. Airforce installations can be reasonably represented by sirRFAS mixtures dominated
by PFOS. Other priority PFAS include PFHXS, PFOA, PFHxA, and PFOSA basaghon

confidence sampling and high prevalence in mixtures across sites. Concentrations vary, but

PFAS precursors (fluorotelomers) may be of increased priority with increased sampling effort. In

contrast to surface water samples at these same sites (4 @lseamimeet 80% sum PFAEast
et al. 2021), on average, 91% of the sum PFAS in surface soils at any given site will be just 3

PFAS. The implications of this observation may reduce uncertainty around priority PFAS for
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ecological risk assessments but critical data needs for toxicity testing in terrestrial ecological
receptors remain. The results reported here, call specifically for studies involving mixtures

dominated by PFOS but including combinations of PFHxS, PFOAxRFand PFOSA.
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ChaptEevri d3esnce of additivity ebserve

rel evant PFAS mi xtur e

Abstract

Per and polyfluoroalkyl substances (PFAS) are widespread environmental contaminants
that are largely observed as mixtures. PH&&ised ecological risk assessments largely assess
individual PFAS but understanding PFAS mixture exposure and potential ieablagd
biological effects is critical to characterize real world risk. To address this, we exposk® CD
mice to individual PFAS and mixtures of PFAS that are relevant to surveyed environmental
media and aqueous filiorming foams (AFFF) used on Departmef Defense (DoD) sites. Our
study was performed in two parts: (1) Assess the whotly concentration of PFAS and (2)

Assess tissue compartment concentrations of PEASSerum, liver, kidney, and brain). Organ
weights and clinical chemistry were collected in the tissue compartment study to measure
potential toxicological effects of individual and mixtures of PFAS. Mixed effect models were

used to evaluate how well relaiships between dose and body compartments predicted

exposure with and withouteéhinfluence of mixtures. A relative potency factor approach was
evaluated for the potential to predict select effects from dose and tissue concentrations. We apply
the laboratorybased finding to a desktop ecological risk assessment scenario and finHikbat
changes in PFAS dietary concentrations may alter exposure and effect estimates, differentiating
reference vs impacted sites is difficult. Our results indicate that dose addition methods are
successful predictors of PFAS exposure and liver effectsimpdrtantly, provide efficient

predictive screening tools for ecological roi
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Introduction

Per and polyfluoroalkyl substances (PFAS) acenmonly observeth the environment
as mixtures, some of which are highly comp|Brusseau et al. 2020y the case of agqueous
film-forming foam (AFFF) use on military installations, the bulk of PFAS mass in environmental
media may be comprised of only a few PFHA®derson et al. 2016; East et al. 2021; East et al.
202%). To support ecological risk assessments at locations where there is known or suspected
PFAS contamination due to historical AFFF use, simplified approaches such as indicator PFAS
or relative potency faots may be a reasonable approach to reduce the complexity of PFAS
hazard and exposure assessment data requirements. One of the challenges of assessing sites with
detectable PFAS mixtures in environmental media is accurately quantifying the uncertainty
asseiated with chemicalo-chemical exposure or toxicity interactions. This requires knowledge
of well-studied studied PFAS and PFAS that lack robust exposure and toxicity data. Further, site
specific field sample data often adds uncertainty due to the imthexgability associated with
receptor behavior, natural history, lifespan, or other biological characte(Stister 2021)
which may be misattributed to the identity and physicochemical characteristics of the PFAS at a
specific site.

Data to support ecological risk assessments (exposure and effect data) in aquatic systems
is available for many PFA@vich et al. 2022), but terrestrial systems have substantially fewer
data to support ecological risk assesshnel@vant analyse&Gkika et al. 2023)For example,

Zodrow et al(2021) found sufficient data to develop Hs&sed screening levels for 2 of 6
highly relevant PFAS in birds and 6 of 6 highly relevant PFAS in terrestrial mammals; Grippo et
al. (2024) identified toxicity data for ammals exposed to perfluorooctanoic acid (PFOA) in 19

sources, perfluorooctanesul fonic acid (PFOS)
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and Reinikainen et al2022)suggest that PFOS is the primary driver of risk, but the lack of
availability of terrestrial exposure and effect studies across the large PFAS chemical family may
unintentionally result in the conclusion that the PFAS that are driving risk are simphpgte

well studied(Cousins et al. 2020T he stark difference availability of in terrestrial data between
PFOA or PFOS and all other PFAS presents a major challenge to risk assessments on sites with
PFAS mixtures.

To provide relevant and appropriate ssfgecific ecological risk assessments, there is a
need to define specific terrestrial food web exposure parameters. As an example, predators of
small mammals often consume the entire animal and an optimaWeodnalel would rely on
whole animal concentratiori&rippo et al. 2024)Estimating whole animal body burden
concentrations through dynamic/kinetic mod&an et al. 2022; Mikkonen et al. 2023) or
solubility/activity modelgFremlin et al. 2023; Kelly et al.024) from field data is plausible, but
laboratorybased empirical observations have the fewest causal factors, and subsequently, the
least uncertainty. In short, the observations are directly tied to the-BigaBism system only.
Similarly, there is neetb define dose&esponse relationships concurrent to exposure measures in
order to assess the hypothesis of additive toxicity of mixtures of PBil\&t al. 2021; Ruyle,
Thackray, et al. 2021; Conley et al. 2022; Conley et al. 2028hslating laboratorgtudy
findings to apical organismal effect estimates can support efficient risk assessment-decision
making. As such, this study was designed to assess exposure and effects of individual and
mixtures of PFAS within the controlled laboratory space usind-fiedlevant PFAS mixtures
representing soil or water substrates at toxicologically relevant concentrations.

The three main objectives of this study were to (1) quantify individual and mixtures of

PFAS in multiple tissue compartments of a small mammal{®Dnice) exposed for 28 days;
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(2) evaluate additivity or neadditivity of PFAS concentrations and effects across tissue
compartments using hierarchical models; and (3) provide Pdp&Sific predictive models for
EFPFAS exposure and effects. ThetgadPFABDIinecti ves
exposure and effects with the goal of supporting ecological risk assessments for terrestrial small
mammals by providing a useful, accurate, and accessible approach to predicting PFAS mixtures
exposure and effects across similar terrestyistiesns. To demonstrate the applicability of this
approach and some specific insights into these types of systems, we provide a worked example

of a desktop screening ecological risk assessment.

Methods

PFAS and dosing solutions

PFAS selected for study were based on mixtures representative ofilipgEted
surface watergEast et al. 2021) or mixtures representative of AkRpacted surface soils
(Salice et al. 2021; East et al. 2629ndividual PFAS exposures to perfluorooctanesulfonic acid
(PFOS), perfluorooctanoic acid (PFOA), perfluorohexanoic acid (PFHxA),
perfluorohexanesulfonic acid (PFHxS), perfluorononanoic acid (PFNA), perfluorobutanesulfonic
acid (PFBS), 6:2 fluorotelomer léonate (FTS), or 8:2 FTS represent basedimgle PFAS data
analogous to prior woridNarizzano et al. 2021) and were all at 2.5 mgikg avoid mortality
observed at the next highest dose administered with PFOS, 20-ch@Megizzano et al. 2022;
Bohannon et al. 2023; Narizzano et al. 2023; Narizzano et al.. ZBR2Ay mixtures were
delivered at 3 concentrations, all relative to PFOS, and containing concentrations of PFOS and
EFPFAS that were appr oxi ma t-dTalyle SB.h).dheisurfacé | vy equ a
water C68 mixture contained PFOS, PFHxS, PFHxA, and PFOA by nominal ratio

44



1:0.62:0.25:0.1Table SB.1) based on previous characterization of Phmpacted surface

water at military site¢East et al. 2021)he surface soil FTS mixture contained PFOS, 6:2 FTS,
and 8:2 FTS by nominal ratio 1:0.1:0.0kable SB.1) based on previous characterization of
PFASimpacted soil at military sitgSalice et al. 2021; East et al. 202FPFAS were purchased
from a variety of suppliers, based upon availability, with the goal of obtaining the potassium salt
(K*) or anionic form (see details rable SB.2). All chemicals were stored at room temperature
and in the dark, as suggested by the manufacturer.

Dosing solutions were prepared by weighing neat PFAS as purchased (either as acid or as
salt)using a calibrated and verified scale ambsolving in a known volume of deionized water
in HDPE bottles. Weights of salts were not adjusted to account for cations based on the small
influence of catioa on target concentratiga.g., 39.1 g/mol out of 538.22 g/mol for PFOS K+
salt is a smaller relative influence on error than th&3@W% error expected in analytical
methods)Disassociated anion concentratiormiranalytical measures were used in all cases,
whereas nominal concentrations were guides for dosing and study design.

Two batches of dosing solutions were prepared 72 hours prior to study start and were
maintained on orbital shaker plates constantly running throughout the studg @@ gom, per
sampling and storage validation exerci@eswerts et al. 2021Batches were alternated daily
for daily dosing aliquotssampled for analytical verification on study d&and 28andpooled
in equal volumes from each batch bgadibrated and verifiegipette. Control dosing solutions

(deionized water) were bottled, shaken, sathpledasPFAS dosing solutions.
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Mice husbandry, dosing, and sampling

CD-1® mice (Crl:CD1(ICR)) arrived from Charles RiVesiboratoriesat 42 days old in
two batches (whole body study and serum study) of 300 mice (10 per sex per treatment; 15
treatments: 1 control, i@dividual analytes6 mixtures). The animal facility &tefense Centers
for Public HealthRAberdeen DCPH-A) Toxicology is AAALAC accredited, supported by a
GLP-trained Quality Assurance team, and this animal use was approved in animal use protocol
#26-22-02-01 by DCPHA IACUC and conducted according to the GuideCare and Use of
Laboratory Animals and all applicable federal and DoD regulafidatsonal Research Council
(U.S.) et al. 2011)

Male mice were individualihoused due to consistent observation of fighting that
precludel confidence in animal heal(ftast et al. 2023female mice were grodpoused at 5 per
cage. Animals were housed in temperatur@ative humidity, and lightcontrolled rooms with
automated data recording and 24 hour monitoregbbrange alarm systems. Target conditions
in the room were 2@2 °C, 3-70% humidity, and 12:12 hour light:dark cycle. A certified
pesticidefree rodent chow (Envigo Teklad® 2020X CegdiRodent Diet) and filtered tap water
were available ad libitum. Feeding, bedding, and enrichment materials were-fipésesticg.,
steel, paper, woodd minimize uncontrolled PFA8ontamination. Mice were dosed daily
(every 2226 hours) by trained staff via oral gavage at 10 mL/kg using a 1 mL disposable syringe
and 16gauge 1.5 inch stainless steel ball end oral gavage néedlteals were weighed weekly.

On the 29 day 24 hours after receiving 28 consecutive daily doses), mice in the whole
body study were euthanized by inhalation of.@ad cervical dislocation. Entire skin was
removed and bodies were placed in a cléyeled WhirlPak. WhirtPaks were placed in-80

°C freezer in small batches throughout sample collection and sto#&@l ‘& until shipping for
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analysis. On the 29day 24 hours after receiving 28 consecutive daily doses), mice in the

serum studyvere rendered insensate by inhalation ob @@ euthanized by decapitation and
exsanguination. Whole trunk blood was collected into a clabeled 1.5 mL polypropylene
disposable microcentrifuge tube, allowed to clot, centrifuged, and serum was decanted into clean
labeled 0.8 mL microcentrifuge tube and transferre@@0°C for storage until shipping for
analysisSerum was also aliquoted for clial chemistry analysis from specific treatments (see
below).The liver, kidneys (paired), brain, and ~1%skin were collected by trained necropsy

staff (including a boardertified veterinary pathologist to ensure notation of gross lesions or

other observations that may influence kinetics), weighed, and transferred into clean labeled

cryovials (1.5 mL and 5 h) and stored ai80 °C until shipping for analysis.
PFAS quantification in tissues and dosing solutions

Dosing solution, whole body, and serum sam
shipped on dry ice with chain of custody to S
brain samples from select treatim@ntseancemans m
excluded PFNA and PFB8andas7 naonti man se iptehre rs enxi)x twu
ice with chain of custody to SGS Axys (Sidney
homogeni zed and tissue, serumpaared ,dexitmrga cg eld
analyzed for -MiOgPFA&Sr voramande al i qui d chr omat oc
spectrometMSy MSUHHFLoG | owi ng the pYoERAur&zs3 of d
(AMethod 1633 Analysis of Peand Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid,

Biosolids, and Tissue Samples by-IMS/MS0). Briefly, a portion of &ea

accurately weighed into a tube spiked with 1is
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(surrogate compounds) and was extracted with

cleaned by solid phase extraction (SPE) wusing
exchange sorbent. The SPE cartricdgéowaeaehutsa
was spiked with | abeled recovery-M§i MB8ernal ) s

UHPLMS/ MS i s a reversed phase C18 column usi ng
coupled to a triple quadrupollaetmasns i apée¢edhter anme
reaction monitoring (MRM) mode, wusing negatiyv

cali brated after every 10 samples or every 12

run. Summarized r epmartilmagt dh)miarselgbldi®3deu dnd ch eidn

—
=5
—

olabte I$8.8) . Data flagged as Obeyond the standa
measures based on pilot studies that indicate
each other. Data flagged asflbadgowod ciproeldy daegek bs
guantitative measures due to consistent over]l
were above report i rFgurerS8.1) h e Il mw trheep-thir tag gg d (i ssaskeuae
were excluded as substantially | ess than 50%
overl ap fbleatgvedeant a] and gquantitat i kgere8Bd) .a Tloiud d
approach is based on a t (Helsekebal. 2012 Hitesve@@mnmd cens o
including maxi mal i ndividual dat a. Note that

samplesd |bsgeindegbduai on and our | aboratory
high concentrations are mbieatdedntofekxpdessdwu

instrument al anal ysi s.
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Clinical chemistry quantification

Standard serum chemistry parameters were evaluateelextthawed serum samples
using the DiaSys response 910 Vet Analyzer @saDiagnostic System#ll, USA) within
calibration and verification. The nine parameters analyzed were: albumin (ALB), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN),
cholesterol (CHOL), glucose (GLUC), total protein (TP), creatinine (CR&#49,triglycerides
(TRIG). The three calculated parameters were: Globulin (GLOB), the ALB/GLOB ratio, and the
BUN/CREA ratio.Samples were selected randomly from mice exposed to #Hgen@igture
(low, medium, and high), PFOS, PFOA, PFHxS, PFHXA, and dang@tments. Samples from

other treatments (e.g. FTS mixture) were excluded due to cost constraints

Statistical modeling of exposure and effects

All model development, evaluation, and figure generation utilized R (version 4.0
Core Team 2024A selection of relevant code is provided in the Supplementary Infornfation
a reproducible exampl@he overarching approach is basedhe hypothesis: If PFAS exposure
or effects data from mixture treatment groups are predictive of single PFAS treatment groups,
then mixtures will behave additively (sEgure SB.2). PFAS concentration data (individual
PFAS and EPFAS) that were used to address exp
liver, kidney, and brain. PFAS effect data that were used to explore effects were relative liver
weight and alanine aminotransdise (ALT) concentration as they had consistent-desgonse
relationshipsOther PFAS effect data that did not have a consistentréspense relationship
included bodyweight, brain and kidney weights, and the remaining clinical chemistry parameters
(seeTable SB.18throughTable SB.21). Some differences were identified in fpemtrast to
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control ANOVAS, but they were in singleton PFAS treatments and less directly contributory to
the observed liver toxicity pattern. For instance, ALB, AST, CREA, TP, GLU, and CHOL
differences were detected, but not in the mixture treatments (with increasiogntrations) and

all with either weaker biological ties to liver impacts (i.e. TP) or weaker levels of response to

liver impacts (i.e. AST).

Modeling additivity in exposure

To explore tle additivityhypothesis, a mixed effects mode¢.,6 hi er ar chi c al mo
(Gelman and Hill 2019)was fit fora variety of dose:sample or sample:sample combinatttons
each individual PFAS where dosesaimple and sewere the independent variablgixed
effects inModel 1). Random effectsr Model 1 werePFASspecific varyingoothy-intercept and
slope(seeFigure SB.2), which provided aneasuref thevariance of interactive effects
relation to individuatto-individual variability. Model 1 was fit to compare the variance of the
random effects againeverallresiduals to determinghether to reject the hypothesis
additivity. Specifically, if the variance associated with the random effects is greater than the
residuals, then any one ani mal o6-additveomxtuent r at i o
relationshiplf the variance associated with the random effedisss than the residualsgthany
one animalks concentrationdo not require accounting for a nadditive mixture relationship
and an additive mixture relationship is infer(edeFigure S8.2). If this additive mixture
relationshipwas observed, mixed effect models with varying intercept only were fit to the same
predictor and estimate pair (Model 2). These mixed effects mdeldel 1 and Model 23lso
accounted for sex to more completely describe the relationship between dose and tissue or

sample and tissue.
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Model 1. Linear mixed effect model predicting a lamansformed tissue concentration
(normally distributed) from a legransformed dose concentrati@@r other tissue concentration)
and sex of mice (male = 1). The intercept (alpha) and slope (beta) are normally distributed
around a mean with PFASpecific variance and eeariance. This is described as a varying
intercept and varyinglope mixed effects modilin this case, the interpeand slope vary by
PFASand provide a measure of whether a dose asdeiselationship varies when exposure is a
mixture vs singleton
I 4EORQA<Y ‘h h
‘o f IisT @hg/-d g1 3AD h
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Model 2. Linear mixed effect model predicting a legansformed tissue concentration
(normally distributed) from a lagransformed dose concentrati@r other tissue concentration)
and sex of mice (male = 1). The intercept (alpha) is normally distributed around a mean with
PFASspecific variance. This is described as a varnmegrcept mixed effects modelin this

case, the intercept varies by PFA®I provides a measure analogous to REP&:ific tissue
affinity as the dose to tissue relationship isstant here regardless of mixture or singleton
exposure.

Modelingadditivity in effects

A dose addition relative potenégctor (RPFapproach is expected to perform well for
these datéBil et al. 2021; Gray et al. 2024)ata from singlePFAS exposures were utilized as
relative potency factors (RPF) specific to each individual PFAS. These RPFs were then used to
weight the individual PFAS dose in mixture tr
effect. Effects rquire a common normalization factor for this appré@atiere, as PFOS is the
most relevant PFAS at the sites of interesamelative liver weight of the PFOS alone
treatment (by sex) was used to generate a proportional relative liver weight value for each animal
(relative to the PFOS treatment mean). The interpretation is then that the proportional relative
liver weight chage (logo transformed to ensure equivalent up/down comparison) is a function

of E P F AThe ndixtuse éreatments proportional to PFOS treatment relative liver weights
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were used to estimate the overall slope (beta in Model 3). The single PFAS treatments
proportional to PFOS treatment relative liver weights were used to estimate the relative potency
(RPF) of each PFAS. To evaluate the model performance, if a regression fit to tredRiBted
proportion PFOS treatment relative liver weights were inside the confidence intervals of the
original, unadjusted, proportion PFOS treatment relative liver weiigpletariregression, then
additivity should not be rejected.
Model 3. Linear regression predicting relative liver weight as a proportion of P¥p@8ific
relative liver weight by dose (untransformed) (or serum or liver) and relative potency factor
(RPFi). Intercept, slope, and variance are determined by linear regressitatioé weight as a
proportion of PFOSpecific relative liver weight across atlixture -exposed mice. RPFi is the
mean relative weight as a proportion of PF§p@&cific relative liver weight for ith PFAS
singleton-exposed mice.

1 TY@ErQye8m@x 0Qixo ‘h h
) I 'YOO$T OAh ZA GEEECO0&! 80 &! 3

As ALT showed a doseesponse effect and is often utilized as a measure of hepatocyte
damage, a linear regression was fit toidoglative liver weight proportion change andieg
ALT proportional change to generate a slope (unit change per unit change in relative effects with
equal up/down directionality). Modeling the ALT endpoint provides an example of translation

from organ weight effect (determined via lethal sample collectmapical organismal health

effect (determined via nonlethal sample cdltzt).
Results

PFAS concentrations

The studies were run in two cohorts, and between the two cohorts, the dosing solutions
were comparablelf@ble SB.9). As such, only measured dateeincorporated into statistical

models. There are consistent impurities that appear to be associated with the commercially
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available PFAS salts/anions used in this study. Specifiga@ifluoropentanesulfonic acid

(PFPeS), perfluoroheptanesulfonic acid (PFHpS), and perfluorononanesulfonic acid (PFNS)
weredetected in all treatments that contain PFD&b(e S8.9). PFAS concentrations in mouse
tissues [Figure3.1 andFigure3.2) indicate that relative PFAS concentrations across tisseres
consistent (see complete summarized dataset in Sl). InPPBSA, and PFHxSsingly

exposed animals, common relative concentration is consistently observed across the tissues
analyzed witHliver] > [serum] > [whole body], [kidney] > [brain(Figure3.1 andFigure3.2).

PFNA samples were not available for analysis, but it is expected that the same relative
concentration across tissues would be observed in the By exposed animals. Note that
PFHxSsingly exposed animals had serum concentrations that were apprdyxietptivalent to

liver concentrationgFigure3.1), and that in the G8 mixtureexposed animals, PFHxXS appears

to be the dominant PFAS in serum, but not in other compartments, despite PFOS being the
dominant analyte in the dosing solutidgfigure3.2 andTable S8.9). PFHxXA, PFBS, and 6:2

FTS have wider distributions within and across compartments and lower concentrations than the
other PFAS, likely due tknownelimination kinetic{Narizzano et al. 2021; East et al. 2024)

8:2 FTSsingly exposed animals generally followed the pattern of relative tissue compartment
concentrations observed with animals exposed to PFOS, PFOA, and PFHxS. Further summary
figures and tables addressing impurities and PFAS detected in control tissues are prdkigled

Sl. Tables of reporting limits (averaged across analysis batches) are also included in Sl.
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Effects summary

Effects data are summarized in detail in théTable SB.18throughTable SB8.21), and
we note that concentrations selected were intended to avoid inducing overt effects and
toxicodynamic confounders. Bodyweight trajectories of the mice were only impacted by
exposure to PFNA across all grouppalfle S8.20), and this impact was not weight loss, but less
weight gained. Organ weights were sometimes impacted by PFAS exposure, and liver weights
from PFASexposed mice were often greater than those of confratdd S8.21). Specifically,
relative liver weights (liver weight (g) / (terminal body weighti{diver weight (g))), as a
measure of potency, differed across PFAS by 1.03 to 2.80 vs control treatment relative liver
weight (Table #Dur individual PFAS doses were quantified at 1.39 to 2.46 may/kghich is
comparable to the commonly reported LOAELS near 1 md/kgliterature(Narizzano et al.
2022; Narizzano et al. 2023b; Narizzano et al. 2024) and concurs with our observed increases in
relative liver weights

Several clinical chemistry parameters were impacted by individual and mixtures of
PFAS, but the ALTdata showed consistent dagsponse and are appropriate to consider total
liver health based on the observed increases in relative liver Wégjtie SB.18 andTable
SI3.19). Specifically, ALT values (Units/L) increased by as much-as B-fold in the highest

EPFAS t r e-8Highgamd 4to(5®ld in the PFOA alone treatment (SI).

Evidence of additivity in exposure measures

Theloge-linear relationship between dose and tissue concentratrerggualitatively
similar across PFAS, regardless of whether animals were exposed to singletons or in mixtures

(Figure3.3, Figure SB.3, Figure SB.4). When evaluated quantitively using a median dose and
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45

median yintercept, the tissue@nd sexspecific slopes produce mean predicted tissue
concentrations that fall entirely within the maximal confidence intervals estimated by the
regression residual&igure SB.5). In short, the difference in slopes is equabr smaller than
the difference in individualsf the PFASspecific linear models were less parallel, it would
indicate that there was a different relationship betvekeme and tissue concentration for PFAS
singletons (higher doses, rightwards on thaxis) andPFASmixtures (lower doses, leftwards
on the xaxis) (Figure3.3, Figure SB.3, Figure SB.4). Some PFASwvere impurities and were not
part of the intended dosing schemies €xample PFPeSFigure SB.3)) but appear regularly
and alongsimilarlinear trajectaes

A further demonstration of additivity in exposure measures is that the linear model fit to
the dose (mg/kgl) and whole body (ng/g) data from mixture treatments and impurities (lower
doses, leftward on the-Xxis) captures the mean observed singleton treatment data (higher
doses, rightward on the-Xxis) or has confidence intervals that contain a linear model fit to most
available datincluding singleton treatment@yigure3.4, other dose and tissue combinations
Figure SB.9 throughFigure SB.13). This successful prediction is suggesting that accumulation
of specific PFAS is not impacted by-eaposure to other PFAS and an additive model can be
assumed. Whole body PFOA dosed as a singleton appears to be lower than expected in the all
data model than the mixturand impuritydata model, implying that PFOA may not fit a strict
additive model or uptake/deposition is concentratlependent, but we note the extensive range
of data, subsequent narrow confidence intervals, and qualitatively minor overprediction.

Using a mixed effect (hierarchical) model (Model 1) that includes anspgeific
correlated varying slopes and intercepts, the variation around the model that is associated with

individual animalsand generafinoise®d ( r e Jabldduda, | ) $s jn allcasedarger than the
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variation associated with potential mixtureffect €.g.variable slope by PFASh¢n-additivity

effect variationTable3.1, ,,

). The interpretation is that a mixtudgiven interaction is unlikely

as the noradditive effect would be unlikely to be detected given the variability in individual

data. In mixed effect modeling parlance, the mixture interaction parameter is not informative and

should be trimmed from the model. Subsequent interpretation is then that the less complicated

model (Model 2), with analytspecific intercepts only, sufficiently represents the system. To

evaluate this assertion, a comparison between Modaglré S8.14) and Model AFigure

SI3.15) suggests that the simplification of the model from accounting for a mixture effect (Model

1) to strictly additive (Model 2) only minorly reduces the precision or accu@ayparing the

Residuals columns (

in Table3.1, simplifying the modeincreassdoseto-t i s s u e

predict

residuals by 0.01 log unitsin 3 of 5casesAll otherModel 1 vs Model 2 comparisonfiave

residualincrease®f < 0.1 log units. On an untransformed scale, this translates to approximately

a 10% increase in variatidhat would then be attributed to individuals and not {jattributed

to a noradditive mixture relationshig-urther, as individuatlriven tissue concentration

variability is larger than the difference between slopes in Model 1, if an interactivadddive

mixture effect existed (e.g. synergism, potentiating, etc.), it would be challenging to detect in a

field setting.

Accordingly, Model 2, the additive and simpler model, is the better method to predict

tissue concentrations. PFAPecific models predicting whole body concentrations by RFAS

specific dose are reportedTiable3.2 with other predictors and estimates in theTzlle SB.11

throughTable SB.13). The sumof PFAS peci f i ¢

measures i s

equal

PFAS can be estimated by the central parametérable3.1 (within the limitations of the target

PFAS

n

Met hod

1633) .
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measures of ATot al Organic Fluorine, 0-but t
specific variation around the measingercept) does suggest that unobserved PFAS (in this

study) could be distributed around the mean trémividual concentrations are normally

distributed about these estimates by the standard deviafi@bie3.2 (andTable SB.11

throughTable S8.13). In summary, given the propensity of evidence for additivity (11 of 11
Model 1, vs, comparisons iTable3.1), it is unlikely that the substantially more

complicated model is needed, nor does a more complicated model detect an impactful mixture
effect that is more influential than individual variation alohelfle3.1, Figure S8.14 and

Figure S8.15).

Evidence of additivity in effects

Relative liver weights from singleton PFAS exposures, proportional to PFOS, were used
as relative potency factors (RPEB)gure SB.16, Table SB.14) becausd’FOS is expected to be
representative of PFAS in surface soil and surface wateomtaminated militargites(East et
al. 2021;East et al. 2025. RPFs weight the PFASpecific contribution to the dose response
functi on. Model 3 describes the EPFAS predi
to a perPFAS doseadditive predictor of relative liver weight (ModelRBgure3.5, Table
SI3.15). Because the proportional increase in relative liver weight predicted by the additive
model is inside the confidence intervals of the original dose response model and-the RPF
adjusted means move closer to the dose response meideie.5), the weighted dose
additive response does not influence the expected dose response function and any given PFAS
specific prediction is suf f iRFOAapgearsytobethe mal i
only PFAS that may have an unique mechanism that influences liver weight based on-the RPF

adjusted toxicity estimate falling outside the mixture model confidence inteBesdsS| for other
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combinations of predictor and liver effeetsd model performance pldiSigure SB.16 through

Figure SB.25) and parameter estimat@&able SB.14 throughTable SB.16). Overall, the

prediction of PFASmixture toxicity using a PFO&lative potency factor are adequate for these

environmentally relevant PFAS and this rigtevant endpoint.

Because ALT is often utilized as a measure of hepatocyte damage, ALT measures were

also relativized to the PFOS treatment and a linear model was then fit with the relative liver

weight (proportional to PFOS treatment mean relative liver weight) as predictor and ALT value

proportional to PFOS treatment mean ALT valiable SB.16, Figure SB.26). The resulting

slope of these linear models binned by sex show that females have approximately 25% more

ALT proportional i

ncrease

t han

mal(lelsle (f emal es

SI3.16). Because these slopes are greater than 1, serum ALT is likely a more sensitive measure

of health effects than liver weight alone.
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118 Table 3.1. Evidence of additivity is based on the small relative contribution of P$pESificslope {, ), in relation to individual
119 specific deviation@:):using a mixed effects model (Model 1) that allows a correlated Pipa&fic slope anthtercept around an
120 overall linear model between-transformed dose and tissue or tissue:tissue or a mixed effects model (Model 2) that allows only a
121 PFASspecific intercept. Bold indicates the larger source of variation between individuals anddditosity effect (only relevant for
122 Model 1).
Random effects Residuals Fixed effects
Non-additivity effect PFAS-effect Individual -effect Overall relationship  Sexeffect
Model Predictor Estimate Sloped,, - Intercept Q, - g Slope s Intercept » T me
1 Dose Whole body 0.20 2.83 0.48 0.83 7.68 0.32
Dose Serum 0.16 2.73 0.50 0.84 8.92 0.03
Dose Liver 0.29 3.55 0.90 0.82 9.86 0.40
Dose Kidney 0.16 2.59 0.74 0.82 8.33 -0.26
Dose Brain 0.12 0.63 0.35 0.73 7.87 -0.06
Serum Liver 0.27 1.79 0.48 0.94 0.76 0.44
Serum Kidney 0.28 1.56 0.57 0.77 0.64 -0.06
Serum Brain 0.12 1.02 0.56 0.62 1.55 0.14
Liver Kidney 0.10 0.62 0.50 0.75 0.25 -0.40
Liver Brain 0.11 1.03 0.58 0.67 0.09 -0.06
Kidney Brain 0.16 0.97 0.51 0.77 0.02 0.22
2 Dose Whole body - 2.56 0.55 0.91 7.72 0.33
Dose Serum - 2.80 0.51 0.92 8.96 0.03
Dose Liver - 3.41 0.92 0.95 9.98 0.40
Dose Kidney - 2.58 0.74 0.88 8.38 -0.26
Dose Brain - 0.63 0.36 0.75 7.86 -0.06
Serum Liver - 1.68 0.53 0.91 0.82 0.44
Serum Kidney - 0.96 0.66 0.75 0.96 -0.11
Serum Brain - 0.98 0.61 0.67 1.09 0.22
Liver Kidney - 0.61 0.52 0.80 0.02 -0.41
Liver Brain - 0.19 0.65 0.76 -0.66 0.01
Kidney Brain - 0.32 0.59 0.90 -0.86 0.32
123
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129

Table 3.2. Predictingtissues (ng/g or ng/mL) based on daily dose (mglkfpr 28 days via oral
gavage in CBL mice.| g® pfor male mice and| gue |
normal distribution with meah,-and standard deviation 0.55 as an example. See other
combinations of predictors and estimates in the SI.
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130 Table 3.3. Relative liver weights expressed as proportion of specific treatment means. PFOS
131 relative effects, in single PFAS treatments, aré\thie "Gsed in Model 3 and, in mixtures, are
132 indicators of additive effects. Contrple | at i ve ef f ect s
133 single PFAS and mixtures. Bold highlights the expected common relative effects of PFOS and
134 C68 Medium FTS High mixture
PFOS-relative effects Control-relative effects
Treatment Sex Mean, (97.%", 2.5") Mean, (97.%", 2.5")
Control Female 0.60, (0.68, 0.52) 1.00, (1.13, 0.86)
Male  0.62, (0.67, 0.58) 1.00, (1.07, 0.93)
PFOS Female 1.00, (1.10, 0.84) 1.67, (1.83, 1.40)
Male 1.00, (1.11, 0.88) 1.61, (1.78, 1.42)
PFOA Female 1.45, (1.68, 1.21) 2.41, (2.80, 2.02)
Male 1.74, (1.88, 1.63) 2.80, (3.02, 2.62)
PFHxS Female 0.95, (1.02, 0.85) 1.58, (1.70, 1.42)
Male  0.97, (1.05, 0.87) 1.55, (1.68, 1.40)
PFHXA Female 0.65, (0.71, 0.57) 1.08, (1.18, 0.94)
Male  0.64, (0.70, 0.55) 1.03, (1.12, 0.88)
6:2 FTS Female 0.63, (0.70, 0.54) 1.05, (1.17, 0.90)
Male  0.83, (0.90, 0.76) 1.33, (1.45, 1.22)
8:2 FTS Female 0.76, (0.88, 0.69) 1.27,(1.47, 1.14)
Male  0.75, (0.84, 0.67) 1.20, (1.35, 1.08)
C6-8 Low Female 0.78, (0.84,0.71) 1.31, (1.40, 1.19)
Male  0.87, (0.99, 0.73) 1.40, (1.59, 1.17)
C6-8 Medium Female 1.01, (1.09, 0.89) 1.69, (1.82, 1.48)
Male 1.06, (1.20, 0.96) 1.70, (1.93, 1.54)
C6-8 High Female 1.34,(1.48, 1.23) 2.22, (2.47, 2.05)
Male 1.32,(1.41, 1.23) 2.11, (2.26, 1.98)
FTS Low Female 0.71, (0.79, 0.59) 1.18, (1.32, 0.99)
Male  0.74, (0.86, 0.63) 1.18, (1.38, 1.02)
FTS Medium Female 0.84, (0.97, 0.66) 1.40, (1.61, 1.11)
Male  0.87,(0.92,0.81) 1.40, (1.47, 1.30)
FTS High Female 0.99, (1.12, 0.90) 1.65, (1.86, 1.50)
Male 1.08, (1.20, 0.95) 1.73, (1.92, 1.53)
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Discussion

CD-1® mice were exposed via oral gavagendividual and mixtures of PFAS that are

relevant to environmental media concentrations at sites where-B¢iA&ning AFFF products

have been used. Whole body, serum, liver, kidney, and brain concentrations were determined

using EPA Method 1633 for 40 PFAS analytes. Body weights, organ weights and clinical

chemistry were collected to evaluate effeEgidence of additivity in exposure measures and

select effect measures are demonstrated by exploring the prior hypothesis thd&SAfgldata

would be predicted by PFAS mixture relationships. We found that a hierarchical model approach

using exposure data does not require an interaction term, and arBle@& potency factor

(RPF) sufficiently predicts relative liver weights. Taken together, results suggest that a dose

additive interpretation should not be rejected for these PFAS and thataal ditiie

interpretation (e.g. interactive) is less likely to capture the underlying process.

In this study, we have shown that assessment of environmentally relevant PFAS mixtures

can be reasonably simplified by the assumption of exposure additivity and demonstrated the

application of relative exposure and potency approaches for specific endpoints. This means that

EPFAS is predictive of t

i ssue

concentrat.

individual PFAS observations are not influenced by being in a mixture. So even if exposure or

effects details about individual PFAS (i.e. less studied or less observed PFAS) are not known, a

centr al est.i

mat e

can be

attai

ned f

or

EPFAS

motivated by the desire to understand risk at military sites where potential impacts to mammals

are of interes{(Grippo et al. 2024) and a specific suite of prevalent PFAS are expected

(Anderson et al. 2016; Brusseau et al. 2020; East et al. 2021; East et b). EO&ther, as this

study isbasedon28a y s
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toxicodynamics, it is most aligned with scenamtevant short term toxicological studies
(Narizzano et al. 2021; East al.2023) and short, but ecologically relevant time spans of
animal sé time on potentially impacted sites.
of exposure on a site may not be constant and a timeline of one month may be reasonable.
Further, in a screening assessment, protective approaches may be taken, and a risk assessor may
be interested in calculating the highest potential concentrations or highest potential impacts.
While some PFAS (e.g., PFOS) have slow elimination resulting in nearly continuous uptake
(Tarazona et al. 2016ome PFAS have high elimination rates and trajectories of tissue
concentrations may have high early peaks and low steady state concentiNarmeEano et al.
2021; East et al. 2024As an example, in CIA mice exposed to a 6:2 FTS containing AFFF for
28 days vs 42 (male) to ~63 (female) days, liver weight effects were not observed in the long
term exposurefEastet al 2023; East et al. 202band the hypothesis is that this was due to a
reduction in serum concentratiofiéarizzano et al. 2021; Eastetal. 202%h i | e we dondt
time course data to verify this hypothesis, thed&itwed female 6:2 FTS serum distributions in
the present study do provide some indication that concentrations may be dropping near 28 days
exposure in CEL mice.

Our successful dosadditive prediction of mixture exposure and effects suggest dose
response functions are likely parallel in the dose ranges tested and with relative liver weight as
an endpoint. Notably, dossdditive exposure and effects are expected across mammalian and
avian taxa reproductive and survival endpo(Bit et al. 2021; Conley et al. 2022; Conley et al.
2023; Gray et al. 2024 this study, only 6:2 FTS (females only) and PFHoosed animals
had nonsignificant liver effects; all other individual and mixtures of PFAS tested resulting in

increased relative liver weights in exposed animals. We note that animals exposed to 6:2 FTS
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(females only) and PFHXA have some of the lowest, per dose, internal concentrations, and 6:2

FTS is not expected to impact liver weights in longer expog@sannon et al. 2023; East et

al. 202%). In decreasing order of foldhange relative liver weights vs control treatment, PFOA

> PFOS > PFHxS > 8:2 FTS O 6:2 FTS (depends

comparator sex) at approximate mean relative potencies of 2.6, 1.6, 1.6, 1.2, 1.2, 1.1 (Table 3).

While a LOAEL approach indicates many of these PFAS have common effect thresholds, it is

reasonable to consider that they are not at common effect magaitudésding that some may

not be adverse if relative liver weights are not observed after serum concentrations decrease (i.e.,

6:2 FTS(Narizzano et al. 2021; Bohannon et al. 2023; East et al. 2024; East et a)).2025
Importantly, based on our ALT observations, detection of liver effects may be better

served, both practically (i.e., survival sampling) and protectively (i.e., sensitivity), by this clinical

chemistry measure, as the jpgnit change in ALT vs log unit change in relative liver weight

is 1.5 in males and 2.1 in femald&ble SB.16, Figure SB.26). To demonstrate utility of serum

ALT as a practical and sensitive measure of effects, consider a hypothetical reference vs

impacted site desktop ecological risk assessment. As shdvigure3.6, a 16fold increase in

FE C-8PFAS in dose (i.e., dietary concentration) may lead to overlapping individual PFAS

measures in body burden and internal concentrafiguie 3.6, top). Naturally, a 10old

increase in exposure will result in an increase in relative liver weight (~20%), but this health

effect may be challenging to confidently detect given individual variability and substantial

reference vs impacted confidence interval overfagure 3.6, bottom left). ALT measures,

however, appear more sensitive andd 11 d i n c r e 88BFAS may yieldia 2830% E C 6

increase in ALT measureBigure3.6, bottom right). The downstream interpretation of the 10

fold change in diet concentration example is that effect differences may be challenging to detect
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with statistical techniques even if exposures are quite diffelrggirg3.6), which may
complicate refinement of remediation plans and arel postemediation monitoring of
terrestrial systems.

To provide a PFAS0-PFAS potential to magnify comparative basis, these-ttessue

concentration relationships can also be interpreted as analogous to biomagnification factors

(BMFs) using the definition add 0 'O ———— at a steady statike OECD TG#305OECD

2012) Gobas et al(2023) and an European Chemicals Agency discussionrg&@HA 2022)
These type of transfer factors are generally applied in food (kebson et al. 2018; Zodrow et
al. 2021) where prey or diet to receptor transfer is desired with a high level of simplicity and
assumptions of steady state are held. This approach is also based in the common utilization of the
OECD TG# 305 method, which addresses the movement of chemicals from water and/or diet
into fish and should result in a steady state . It is generally considered a reasonable
expectation that the kinetics observed in a TG#305 test may be predictive of movement of
chemicals into terrestrial mammals from diECHA 2022; Gobas et al. 2023jowever, an

unadjusted transfer factor approach contrasts with toxicokinetic approaches where time is
accounted fo(East et al. 2028 or fugacity/chemical activity approaches where

physicochemical details are accounted(Fremlin et al. 2023; Kelly et al. 2024 our case,
simplifying the experimental design to a single timepoint was a required feasibility factor given
the focus on mixtures and desired tie back tal&g toxicity studiegNarizzano et al. 2021; East

et al.2023) We provide below a translation of our-88y predictive functions to a simplistic

transfer factor, but we note that the appearance of concentration dependence is more analogous
to accounting for dilution into a whole animal/dietary efficiency parameter/chemical activity
adjustmen{Fremlin et al. 2023; Gobas et al. 2023; Kelly et al. 2024) than concentration
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dependence. Further, to estimate a receptor concentration at 28 days of exposure, we advise
utilizing the predictive models rather than transfer factors because if the diet concentration is
known, estimating a dose simply requires knowing the weight of the receptor and amount of diet
consumed. Regardless, we provide the backtransformed power function to demonstrate that the
y-intercept parameters (in Table3.2) concur with a PFAS0o-PFAS magnification potential
comparison specific to these mixtures.

With some algebra, the linear function in Model 2 can provide an untransformed scale,

whole body concentration divided by dietary concentration analogeuste—. We focus on

whole body as that would be the most informative parameter in a terrestrial food web model. To
align units in whole body concentrations (ng/g to mg/kg) and convert daily dose to dietary
concentration (mg/kgl to mg/kg, assuming that mg/L in the dosing solution is equivalent to
mg/kg in a diet) the wholbody concentration was divided by 1,000 and the dose divided by 100
and the Modelwas+i t . Note that the result of this
intercept is the only modified parameter in the model by subtraction. Exponentiating both sides
of a loglog linear function (Model 2) generates a power function. We use the logarithm rule:

Q QQ'Q to makeQ 8 8 8 Q 8 Q8 Q8

Then we use the logarithm rul@: ® to simplify Q 8 Q8 08

Q 8 Q8 0"Q'Fo. This can further be simplified @ 8 Q8 0"QFo

[0} 8 8 0"QPo. With| p @ being the result of diet and concentration unit
conversion of in Table3.2andQ? indicating male and the subsequent

inclusion/exclusion of the 0.33 unit increase for male mice. Lastly, dividing the exponentiated

whole bodyith PFAS concentration b "Q'(Po makes
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and expresses our predictive modeHr—— terms. Accordingly, yintercept parameters (in

Table3.2) from provide sufficient PFAS0-PFAS comparative basis and importantly, many of

the PFAS (7 of 11) have similar potential for biomagnification. This observation provides some
support for consistent potential for trophic magnification across various PFAS that is not likely
to be influenced by mixtures. Several terrestrial food chains with vertebrate higher trophic levels
observe generally consistent PR&BSPFAS potential for trophic magnification in the

overlapping PFAS evaluated héref specific importance are PFOS and PFQAiIller et al.

2011; Huang et al. 2022; Fremlin et al. 2023; Ecke et al. 20B84)PFAS in our study that

appear to be less likely to magnify (6:2 FTS, PFPeS, PFBS, and PFHXA in decreasing order)
should be interpreted by either their lower potential to accumulate or elevated potential to
eliminate and not that they are excluded by mixture interactions.

In conclusion, we have demonstrated an additive model of exposure and liver effects in
mice exposed to military sieelevant PFAS. The study design provides simple predictions of
whole body concentration, serum and tissue concentrations, and simple relative effect measures.
While time-course data or other PFAS may expand the window of possible predictions, the
observations reported and methods used herein are highly relevant to DoD sites, highly
approachable, and efficiently address concerns associated with PFAS mixtures. We demonstrate
the utility of our data via a worked example where ddl@ difference between PFAS levels at a
reference site and an exposed site may lead to overlapping$ffesic tissue concentrations,
overlapping but potentially adverse relative liver weights, and detectable increases in a

measurable liver enzyme.
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ChaptbDearetdairy kinetics of a PFAS mi

(Anaxyrus Jamelralt@amatsory i nsights

Abstract

Per and polyfluoroalkyl substances (PFAS) are ubiquitous in environmental media and
are a concern for food wetlriven exposure to ecological receptors. Terrestrial life stage
amphibians concurrently represent taxa that have high potential for exposare beherally
datapoor in comparison to their aquatic life stages. Adult American tdemsxfrus
americanu}likely have high dermal exposure to soil and eat terrestrial organisms that are likely
to accumulate chemicals from soil. To better understa@deiationship between dietary PFAS
and toads in a trophic transfer context, toads were fed earthwisesi@ andrei exposed to
PFASspiked soil for 28 days and then were fed clean earthworms for 28 da3®day uptake
phase and 28ay elimination phase. Toad blood, liver, and remaining tissues were sampled
weekly. Concentrations of PFAS were quantified in soil, @atm diet, and toad tissues.
Toxicokinetics of PFAS in toad livers, remainder, and estimated whole animal were evaluated
using the methaxlof Organisation for Economic Giperation and Development Test Guideline
#305, a nonlinear regression approach, and a physiologizadlyd method. Definitive models
were selected via a leaomeout cross validation method and model parameters wergased
determine kinetic trophic transfer coefficients (TTCs). Our TTC approach indicates
perfluorooctane sulfonate, perfluoroundecanoic acid, and perfluorodecanoate are likely to
magnify and 8:2 fluorotelomer sulfonate and perfluoroheptane sulfonic adikledyeo transfer

or dilute in the worrtoad transition. Most PFAS have similar uptake rates, but elimination rates
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are clustered, suggesting that kinetics are driven by elimination mechanisms. These laboratory
data use fieldepresentative exposure approaches and provide inference about internal kinetics
of individual PFAS as well as the potential for trophic traniten soil invertebrates to

terrestrial life stage amphibian predators.

Introduction

Per and polyfluoroalkyl substances (PFAS) are synthetic molecules defined by durable
carbonfluorine (GF) polar covalent bonds generally considered ubiquitous in environmental
media. One of the foundational works in PFAS observations in wildlife is losssaimples
coll ected globally with indications that high
were likely the function of trophic magnification and bioaccumulative procéGsesy and
Kannan 2001)Early observations in aquatic systems inftakl (i.e. Giesy and Kanngi2001)
were supported with laboratory work on dietary accumulation and aquatic bioconcentration of
PFAS (perfluorooctane sulfonate (PFOS)) in fish and amphiljMagin et al. 2003a; Martin et
al. 2003b; Ankley et al. 2004pbservations of PFAS in terrestrial organisms in the field (i.e.

Giesy and Kanna(2001) were supported by laboratory observations of dietary accumulation
(Newsted et al. 2006More recent work has identified a number of field and laboratory
observatios of accumulative properties across a broadening range of PFAS (see review of Evich
et al.(2022).

Amphibians, as a group of organisms, are generally considered understudied in
ecotoxicology. Regarding PFAS and amphibians, there is a substantial amount of data and
information about a few PFAS in larval amphibians. Ankley g8l04)performed the first
exposures of tadpoles to perfluorooctane sulfonate (PFOS) and observed toxicological effects

and quantified accumulation of PFOS from water into tadpole tissues. Since that study, the
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combined works of Strategic Environmental Research and Development Program (SERDP)
studyER26 26, A Devel op mEASTRVS for UsentpHedlobidaleRisk P
Assessment at AFFF Siteso have resulted in fo
perfluorohexane sulfonate (PFHxS), and 6:2 fluorotelomer sulfonate (6:2 FTS) in nine
amphibian test species in two experiment#irsgs, and four exposure routes. Larval amphibian
toxicity and accumulation data from these studies is largely used to infoaticagxicity.
However, as described by Flynn et(@021) some amphibian taxa spend substantial portions of
their life in terrestrial life stages. To address this concern, Flynn(@0&2l1)exposed post
metamorphic (terrestrial life stage) salamandamlfystoma tigrinuinto PFOS, PFOA, PFHXS,
and 6:2 FTS via diet (crickets fed spiked food and water) for 30 days. Evidence for
bi omagni fication is reported as dlimited, 0 bu
reported between 1.01 to 3.04 negativadyrelated with diet concentratigRlynn et al. 2021)
BMF values for PFOA, PFHXS, and 6:2 FTS are all less than 1 (range <0.001 to 0.072)
suggesting that there is little accumulation of these PFAS in terrestrial life stage amphibians
exposed via digfFlynn et al. 2021)

In the interest of expanding available exposure data in terrestrial life stage amphibians in
a timeefficient manner while retaining some ties to potentially mechanistic factors, a balance of
complexity and resolution is needed. For instance, utilizirejagively large range of PFAS
types that are observed at field sigast et al. 2029, and exposure in a food web context (via
diet). Data collected in such a manner could inform screenind£ladaow et al. 2021 )of
which, terrestrial life stage amiblians remain a data gap. Further, given the dominance of
terrestrial life stages in the lifespan of some amphibians, internal kinetics are likely highly

informative. Toads may not reach sexual maturity until several years N\d{gon et al. 2012,
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Willson and Hopkins 2013}his implies that any site with a stable population likely has toads
that may experience years of exposure. Most studies on PFAS kinetics are focused on high
resolution, so based on logistical constraints, require direct dosing of single PFAS (e.g.
intravenous). In contrast, fully field observational studies of food web transfer (e.g. Mdller et al.
(2011) Huang et al(2022) do not generally consider internal kinetics, taxaHifgory traits, or
other spatialltemporally relevant factors. So, while a field study may be highly physico
chemically mechanistic and detail@temlin et al. 2023)their applicability in a spatio
temporally explicit, individuabased scenario remains untested. i.e. we cannot confidently
include or exclude characteristics such as animal age or length of exposure as influential factors
in PFAS exposure.

Accordingly, there is a need for manipulative studies of moderate complexity. Causal
inference requires an experimental approach (i.e. laboratory gAmy@rson 2008put some
ties to ecological risk assessment needs (complexity of PFAS mixture, exposure via diet) are
needed. To attempt to address these issues, a series of studies have been performed where a large
number of PFAS were spiked at a uniform nominal comaganh in soil. Then plants and worms
were grown in said soil. Plants were fed to rabbitd worms were fed to toads. Kuperman et al.
(2025)and Lotufo et al(2025)are the first publications to emerge. This work addresses the
dietary exposure of toads to PFAS in their diet, where, critically, the dietary concentrations
emerge from the processes that lead to PFAS moving into worms (described in Lotufo et al.
(2025). Accordingly, theapproach in this studyontrols for diverse media concentrations seen
in field sites and is specifically focused on the actual relationship in qugdtiertoadand the
PFAS) in isolation from other ecological/behavioral factors that may introduce variability

observed at field sites.
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To utilize these insights in an ecological risk assessment exposure
estimate/characterization, we need to ensure that we can speak to common food web/exposure
factor modelgEPA 1993; Zodrow et al. 2021)hese approaches are largely based on
multiplicative factor§ soil concentration times bioaccumulation factor equals worm
concentration; worm concentration times biomagnification factor equals toad concentration, etc.
As PFAS have highly variable kinetjasis challenging to assert that steady state/dymam
equilibrium tissue concentrations have been reached in a laboratory setting with a PFAS mixture.
To address this issue, we provide kinetic parantssed trophic transfer coefficients (TTCs)
that are intended to be analogous to trophic magnificateinria(TMFs). The premise is that
inclusion of kinetics captures tirdependent processes that may be influential on field
observations.

More specifically, the objectives of this study were to (1) quantify the internal
concentrations of PFAS in terrestrial amphibians exposed via diet to a mixture of PFAS and (2)
use model parameters to inform the sense of trophic transfer iniav@stelrate-predator food
chain. Few field data exist in these taxa, none account for internal kinetics, and laboratory
control on external factors allow for evaluation of the actual relationship of interest in ecological
risk assessmedtthe PFAS to animal relatnship. The present study was part of a larger effort
(Kuperman et al. 20259 understand individually, and as a class, the movement of PFAS from
soil or groundwater into worms, PFAS elimination from wofbmstufo et al. 2025)and, here,
themovenrent of PFAS from worms to toads and toads
insight around trophic transfer is intended to supportfeetdbased exposure estimates where
data from the field may be lacking or highly variable or unclearly associated pitmakoy

factors.
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Methods

PFAS Selection

The PFAS selection is described in detail in Kuperman €2@25) In brief, the PFAS
selected for this study included those listed inWlEPAGs t hird Unregul at ed
Monitoring Rule (UCMR 3): perfluoroheptanoate (PFHpA), PFOA, perfluorononanoate (PFNA),
perfluorobutanesulfonic acid (PFBS), perfluorohexane sulfonate (PFHxS), and PFOS. To explore
the effects of chain length, we inckdl perfluorobutanoate (PFBA), perfluoropentanoate
(PFPeA), perfluorohexanoate (PFHxA), and perfluorodecanB&i@A). Precursors 8:2
fluorotelomer sulfonate (8:2 FTS) and perfluorooctane sulfonamide (PFOSA) were also
included. The selected list captures chain length trends and the terminal transformation products
of PFAS precursors and PFAS that are a primary fottederal advisories and state regulations
found on DoD installations. Analyticgirade PFAS were obtained from teS. EPA PFAS

Chemical Library or Sigm&ldrich (St. Louis, MO).

Test Soill

The test soil conditions are described in detail in Kuperman @Q0&5) In brief, test
soil was Organisation for Economic ©peration and Development (OECD; Paris, France)
standard artificial soil (SAS) modified by lowering the peat content from 10 to 5% (75% fine
sand, 20% kaolin clay, 5% finely ground sphagnum peat raods]% pulverized lime) to
increase bioavailability of the test compounds (OECD 2010; OECD 2012; OECD 2016). The
measured concentrations of PFAS in SAS were low (0.07 ng/g andgJ@®®nPFHxA and

PFPeA), with no other PFAS compounds found above detection limits. Prior to the addition of
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earthworms, SAS (PFASpiked and control) were put through an aging process for 14 days that

included wetting, drying and mixing the soil one time each week.

Diet Preparation

Thirteen PFASTable S141) wi t h eart hworm bioaccumul ati o
in preliminary studies of the PFAS described abglgerman et al. 202%yere spiked into the
soil used to generate the toad diet earthworms. Selected PFAS were added to American Society
for Testing and Materials (ASTM) Type | water
solutions of each PFAS, then added to soil to pro@uteng/kg of each PFAS in soil as a
uniform nominal mixture. This spiked soil was then used to expose the earthworms, which were
subsequently used to feed the toads. Control soil was developed by wetting SAS with
comparable volumes &STM Type | water. See Kuperman et @025)for more details.

After aging spiked and unamended SAS, earthwoHErse(ia andreiwere exposed in
each soil for 28 days. Upon collection, earthworms were rinsed with ASTM Type | water,
counted, weighedn massgplaced in 800 mL glass jars, and kept at 4° C in the dark. Less than
24 hours after collection, earthworms were blended in batches, homogenized by mixing and
blending batches, and dispensed into aliquots imbB@olypropylene conical vials, and frozen
at-80° C. A subsample of thawed earthworm diet (blended, hembegd earthworm tissue) was

retained for development of dosing standard curve (below).

American toadsAnaxyrus americanusgare, dosing, and sample collection

This animal use was reviewed and approved by the DERtstitutional Animal Care
and Use Committee (DCRA IACUC Protocol #: 0622-02-02). The animal facility at DCPA

is fully accredited by AALAC International, and all animal care and use was performed
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according to the Guide for the Care and Use of Laboratory AniiNatsonal Research Council
(U.S.) et al. 2011and all applicable federal and DoD regulations.

Toads (n=64) were purchased from Carolina Biological Supply Company (Burlington,
NC, USA), so are wilscaught animals from the eastern United States from unknown locations.
Toads were quarantined and observed for 7 days prior to dosing to ensure all ar@reatating
and maintaining/gaining weight. Toads, prior to dosing, were fed live crickets (Fluker Farms,
Port Allen, LA, USA) every other dagrickets from this supplier have been measured as non
detect for PFOS and PFHxXS (unpublished data) but peblish c r i c ket EPFAS conce
(Choi et al. 2023are >106fold lower than toad diet, so are unlikely to be influential on toad
background PFASToads were housed in acrylic cages 25.4 cm x 47 cm x 15.25 cm, with 5 cm
wetted coco coir, a 1 L paper cup hide, a polypropylene petri dish with water, and approximately
500 mL of wetted sphagnum moss. All wetted materials were misted as needed (gdaityally
using moderately hard synthetic freshwdEPA 2002)and the petri dish water was replaced
daily. Hide bedding, and petri dishes were replaced as needed upon soiling or saturation. A cage
was reserved with temperature and humidity monitors to ensurdesagparameters were
within target. Room and cage level temperature (target2a4 C) and humidyt (50-70%)
were monitored and recorded daily. Light cycle was 12 hours on:12 hours off. Toads were
weighed weekly (Tuesdays) and on their day of collection (Wednesdays).

Dosing was performed via a psetgiavage where a measured amount of worm
homogenate fromapressi t syringe was dispensed into the
mouths were held open by a blunt spatula and upon release of the dose and spatulsg, the toad
swallowed the dose. This method is motivated by the psgadage methods for liquid dosing

used in lizardgWeir et al. 2023)The dose in mass of worm per mass of toad (mg/kg) was
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determined by a standard curve generated by weighing a range of volumes where reasonable
accuracy could be expected from a 3 mL disposable-fitessinge (sed-igure Sl41 and
Figure Sl142 for mass per worm and mass per volume of worm homogenate). Toads were dosed
in a manner that was intended to mimic natura
Accordingly, doses were delivered at volumes accurate for the syringe but approximating 1
worm per day in a time weighted average manner (2 worms Monday and Wednesday, 3 worms
on Friday).

Samples were collected from toads after anesthetizing the toad in +iriiteaed MS
222 (tricaine methanesulfonate, brand name TrieSilEDA approved)) at 3 g/L and then
decapitating the toad and pithing the brain. The heart was exposed and a 1llmlisynsge
was used to exsanguinate. Whole blood was gently expelled into prelabeled 1.8 mL cryovials.
The liver was then excised and placed in an uncoated, prelabeled aluminum foil packet. The
remainder of the organism was placed in a prelabeled 118ané 8l 0 b r aPhadk 66 Vhni dr |

sealed. All tissues were frozen upon collection and store2DRC.

Study Design

The study design was based on the Organisation for Economic Cooperation and
Development (OECD) Technical Guide (TG) # 305, Bioaccumulation in Fish: Aqueous and
Dietary Exposur¢OECD 2012) Exposure was strictly through the dosed diet. Toads were
randomly selected for sampling dates from days 0, 7, 14, 21, 28, 35, 42, 49, or 56. Sixteen toads
(n=16) were sampled on study day 0 and then six (n=6) at each timepoint thereafter. Study day 0
represents background concentrations, samples collected on study, ddy2%, and 28

represent the uptake period. Study day 28 concurrently represents the start of elimination as the
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diet provided on day 28 is the control diet. The elimination period samples were from study days

28, 35, 42, 49, and 56.

Analytical determination of PFAS in diet and toads

Extended details of analytical determination of PFAS concentrations in earthworm
homogenate and toad tissues (liver and remainder) are available in Kuperm&20253lin
short, PFAS were extracted from earthworms using a method that is based on extraction from
fish tissue and earthworng§lalinsky et al. 2011; Rich et al. 2019 small mass of dried
earthworm homogenate was spiked with an extracted internal standard, acetonitrile was added,
and tube was vortexed and shaken. Tubes were then fr@08iC{ to precipitate lipid and
protein. Extracts were separated by centrifugation and transferred to glass scintillation vial with
dilute formic acid. The extracts were then evaporated to dryness under nitrogen. Samples were
reconstituted in LEMS grade metinol and transferred to tube with EN&harb. Autosampler
vials were prepared for analysis with a volume of extract and volume of method and water to
reach a 70:30 water:methanol solution at 200 ng/L internal standard.

PFAS were extracted from toad liver and remainder using methods prior developed for
animal tissueg¢Tomy et al. 2005; Houde et al. 2008; Zhao et al. 20A3mall mass of wet
tissues were placed in a polypropylene tube and dried at 70°C. An internal standard was added to
each tube, methanol was added to each tube, and tubes were sonicated at room temperature.
Samples were centrifuged and evaporated toeynnder nitrogen. Extracts were reconstituted
in LC-MS grade methanol, transferred to a tube with/El8arb, vortexed, and centrifuged. An
aliquot of the extract was transferred to an autosampler vial and amended with 70:30

water:methanol to achieve a final internal standard concentration of 200 ng/L.
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Chromotographic separation was performed on a Gemini C18 analytical column coupled
with a Gemini C18 guard column with a Sciex Exion high pressure liquid chromatography
(HPLC) system. A Luna C18 delay column was installed between the mobile phase mixer and
the sample injector to minimize background contamination. Columns were maintained at 40°C
throughout the run. Aqueous phase was ammonium acetate solution and organic phase was 100%
methanol. See Kuperman et @025)for details on ramp schedule.

Quadrupole timef-flight mass spectrometry (QTG¥S) for targeted analyses were
performed on a Sciex X500R QTOF MS system. Turbo ion spray was used as the ion source.
Multiple reaction monitoring higiesolution (MRMHR) acquisition mode was used with two
transitions (quantifier and qualifier) for each PFAS, where possible. Data were acquired and
processed using versions 1.5 and 2.2 Sciex OS software. PFAS were quantified using isotope

dilution over a calibration range of 63000 ng/L with (coefficient ofletermination > 0.99)

Toxicokinetic Modeling

Tissue concentrations (liver, remainder, and estimated whole body) were fit with several
types of models, models were compared by predictive power, and the best performing model was

selected to generate trophic transfer coefficients (TTCs).

Data handling

Liver and remainder data for each toad at each timepoint across 16 PFAS were used for
toxicokinetic modeling in contrast to utilizing timepoirgpecific summary statistics. Non
detects observed in toads on the first timepoint (study day 0) were sePieABepecific
minimum observed across the study period. This increases the stability of background parameter

estimates, but may lead to overestimates of background means. All othdgteohobservations
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across toads (study day O 7) were set to NaN
28 were also labeled with an elimination day which is study d28.

Worm di et al i gspesificanalytiCahestbnates WéreAsBmmarized to a
mean and used as the O0dosed parameter for the
period per model s6 requi r e maedctandet@®xerdto ol di et
maintain mathematical continuity during elimination period per model requirements.

Liver and remainder concentrations were used to generate an estimatedadyole
concentration. The liver of a toad represents approximately 5% bodyw€igkier et al. 2014)
and lacking the serum data, the remainder was assumed to represent 90% of the bodyweight.
Accordingly, the estimated whole animal concentratiam8isud "QU Qo Q& O Qe QQI
Estimated whole body concentrations areg@mal and pePFAS and were only calculated for
those toads with concentrations above reporting limits for both t&ghese toads with only
one quantified concentration for either liver or remainder wowe lam NaN (not a number) for
estimated whole body. Reporting limits are different for these tissues and exclusion is critical to

avoid highly biased estimates.

Nonlinear model

The nonlinear regression approach is defined by utilizing the model of highest
performance for predicting tissue (serum) concentrations of PFOS in rabbits and chickens
exposed via diet in Tarazona et(@015; 2016) Starting parameters were determined by using
linear regression techniques of OECD TG#305 for elimination period and uptake period. Some
modifications to the OCED TG#305 techniques were made during the uptake period estimation

gi ven t he 0uptake eas highly haaable and tbefvokiof distribution (Vd) was
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incorporated into the nonlinear models and likely captures the needed variability without forcing
unrealistically high uptake rates based on day 0 to day 7 data alone.

The one compartment nonlinear model used here to evaluate $tiegfic
toxicokinetics:

v 'rnl’?"i'n\lr\;'oo v €
o] WWww QA £ 60— - Q Q p
wQ v )]

where concentration at study d&¥)(is a function of: the mean PFAspecific concentration at
study day Oljackground; the PFAS concentration in the diet times the tegghted average
dosing fraction (67X 'Q"QQ dD); the volume of distributiond); the uptake ratekpi); the

elimination rate Kio); and time (study day).

Nonlinear model parameter estimation

All parameters were estimated usingARCore Team 2024nd all parameters are
estimated by PFAS and by tissue (liver, remainder, and estimated whole body). The first
parameter estimation step was to estimate the eliminatiorKrajeuing linear regression (least
squares) of natural log of the concentration through 28 days of elimination period (study day 28
to 56 as elimination day 0 to 28). The slope of that linear regression is the estimated elimination
rate. The second step wasfit Eg. 1 using nolinear least squares and Port algorithm with the
nis() (R Core Team 2024unction in R with the elimination rate set to the slope of
elimination linear regression. The unknown parameters that were estimated were the uptake rate
(Koz) and volume of distributiorMd). Koz andVVd were bounded between 0 and 1 and 0O to 10,
respectfully. For PFAS where tissue concentrations were difficult to distinguish from
background, a Levenbeldarquart algorithm was usdilzhov et al. 2023)Bounds foiKo1 and
Vdwere als expanded to 0 to 2 and 0 to 100 in these cases. Note that the Levdabgugrt
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algorithm is robust in difficult to estimate parameter situatiolilse the cases we identified

where peak concentrations were difficult to differentiate from background. Parameter estimate
variability was quantified using bootstrap meth{@aty et al. 2015)Residuals are resampled

999 times and leastguare estimates of parameters are used to provide confidence intervals of
definitive parameters estimates. Bootstrapping incorporates some of thanaometric
characteristics of the observed data and doesissume parametric/Gaussian distributions, so is
a more robust route to representing variability in parameter estimates.

The third stage of parameter estimation was to explore elimination rates in the nonlinear
approach. Accordingly, a second round of fitting Eq. 1 was performed with the uptake rate set at
the value identified in the first round of fitting Eq. 1. The elinimarate Kig) andvdwere
estimated using thels () ornlsLM () function as needed to reach stable parameter estimates.
These parameter estimatesd variability is rep

to provide confidence intervals around estimates.

Ordinary differential equation (ODE) system

We differentiate this model from physiologicalhased models as the whole blood
concentration nor tissue volumes were determined, subsequently, explicit transport cannot be
sufficiently tracked. However, a ts@ompartment model is physiologicallglevantas the
remainder concentration is O6upstreambé and o0do
of liver and remainder were described as two state variables and several flows. There was a
dietary contribution (on a schedul€)) adjusted by an absorption factajy {nto the remainder,
then fluxes intoKi2) and out k21) of the liver, and lastly eliminatiorkd). These fluxesKigure

Sl14.11) and their differential equation system:
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where on the actual dates of dosing (M, W, F during uptake p&dadded to the remainder
concentration is the diet concentrati@) (multiplied by an absorption factoa)(and on all other
timepoints remainder concentration is a function of input from g "Qu) &nid flux to liver
(Q 'YQa & "Q} addEiimination to wasteX) 'Y Q & & ‘Qf; &h@fthe liver is the balance of

rates in1Q 'YQa & "Qiaddout Q 0 "QU).Qi

ODE model parameter estimation

Parameter estimates were obtained for the system of Equations 2 and 3 by a model cost
reduction algorithmmodcost () function in the FME packag&oetaert and Petzoldt 2010)
R. Residual error was the quantification of model cost. Model predictions were solved via the
deSolve package in Boetaert et al. 2010%tarting parameters were based on nonlinear model

uptake and elimination rates (elimination used for both liver and remainder).

Model selection via cross validation

As these two model types (nonlinear vs ODE) have vastly differing mathematical
structures, it is inappropriate to utilize common model comparison strategies such as information
criterion (Akaikeds I nformati on dmpglekitgand a ( Al C
error from nested model structures. Leaneout crossvalidation (LOOCYV) is a maximal-k
fold crossvalidation technique where instead of a training and test dataset partitioning the

dataset, eacith datapoint is used as a test datasahaga model developed fromi data.
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While many statistical descriptors of the resultant distribution of erithrgriediction frorm-i
modeli ith observed) are possible, here, the mean absolute error (MAE) was used.

The definitive model was selected based on lower relative MAE across liver
concentrations of PFOS and 8:2 FTS. These PFAS, in these tissues, capture two extremes of
concentration trajectories obserdedery slow and very fast elimination. These were setecte
for computing efficiency and avoiding confounding interpretations from PFAS or tissues with
concentrations indistinguishable from backgrounch s u mmar y , LOOCV provide
basis to compare model sé pr eda chheste proevckirc tainwde

across models with no mat hemati cal rel ati on.

Trophic transfer coefficients (TTCs)

Utilizing laboratory data to speak to trophic transfer (considering the spectrum of trophic
magnification to trophic dilutioiNewman 2020)requires ensuring careful handling of time or
clear understanding of dynamic equilibrium/steady state of concentrations and fluxes.
Presumably, field data are representative of dynamic equilibrium/steady state. Laboratory data
are generally known to eith be in a steady state or not. In these data, as PFAS were observed in
both of these states at day 28, static regmgions of biomagnificatiorC{oad Cdiet) perPFAS
from these data would be inaccurate representations of field trophic transfer observations.

A kinetic approach was utilized to account for both time and internal kinetic¥d).e.
using the uptake and elimination rates. In shoFC=Uptake/EliminationwhereUptakeand
Eliminationrepresent parameters from the definitive model selected from the LOOCV
procedure. To ensure sufficient capture of observed variability (as a measure of uncertainty),
bootstrap parameter estimate distributions were resampled (with replacement) 10,008 times

generate probabilistic estimates of TTCs.
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Results

Smoothed trajectories of PFAS concentrations in liver, remainder, and estimated whole

animal Figure 41, Figure 42) show that several toxicokinetic trajectories can be expected.

While diet concentrationg={gure S143) vary, it is clear that few of the PFAS have little uptake.

Several of the PFAS have what appear to be fast elimination rates (e.g. 8:2 FTS) and several

have slow elimination rates (e.g. PFOS). Importantly, the patterns across liver or remainder

appear snilar, but in general, liver concentrations are higher than remainder. Due to the

estimation of whole body concentration approach, remainder drives the bulk of estimated whole
body concentration, but given Opwrknaticdael 6 tr aj
similar across tissues.

An opening hypothesis is that internal kinetics and ultimately trophic transfer of PFAS in
this diet to organism step is driven by elimination rate. There are no negative correlations of
PFAS to PFAS in the toad tissu&sgure Sl44), so it is unlikely that kinetics are a function of
transformation or degradation processes. Relationships between day 28 toad tissue
concentrations and diet are highly variallalfle S142 andTable S143), so there is further

evidence that observed concentrations are a function of kinetics.

Definitive model selection

LOOCV was used to differentiate model techniques based upon their MAE as a measure
of predictive power. Ultimately, TTCs should be determined based on the model type with the
highest performing predictive capacity. PFOS and 8:2 FTS concentrations wwéineeselected
for this analysis. The ODE model type led to #ietdl increases in mean absolute error over the
nonlinear model type in both PFOS and 8:2 FTS liver concentration trajeciicatde @1). This

suggests that the nonlinear model should be selected for definitive parameter estimation and
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subsequent TTC determination. Of note, regardless of the model type or chemical, there was
little influence of removing individual data on MAE compared to full mode#ble 41). The

i mplications of this are that oO0the data fit
compartment flux is likely accurate to biological processes. Accordingly, TTC estimates from
either model are likely equivalently accurate, butrddiced amount of error in the nonlinear

model increases the precision of the TTC estimate.

Toxicokinetic parameters and analysis

Toxicokinetic parameters were estimated in a stepwise fashion using guidance from
OECD TG# 3052012)and Tarazona et 015, 2016) The linear regression of
loge(concentration) through elimination period (study day 28 through 56) provides a definitive
elimination rate for all PFAST@ble4.2). Importantly, these regression parameter estimates are
of highly varying quality (see SE ihable4.2 andTable Sl42 throughTable Si43). As the data
may not be parametric avl may be influential, the bootstrapped nonlinear model elimination
parameter estimates are likely the most appropriate representation of elimination rate. Estimates
of half-life (days) are provided using these parameter estimates and their 95% confidence

intervals Table4.2).

TTC estimates

The ratio of uptake and elimination here is intended to speak to the potential for trophic
magnification/transfer/dilution in the diet to consumer (worm to toad) trophic step while
considering internal kinetics. Less than the complete suite of PFAS veeesstully modeled in
the definitive nonlinear methods, so some TTCs (not definitive) from linear models (i.e. the

OECD TG #305) were generated. Importantly, while the actual values may be inaccurate, the
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overarching patterns of potential for trophic magnificati@msferdilution across PFAS appear
consistentFigure 43). PFOS is consistently observed to have TTCs that are greater than two
and would be considered a likely trophic magnifier. PFDA and PFUdA also have TTCs above
two (Figure 43Table4.2). In contrast, 8:2 FTS and PFHpS are likely to be trophic diluters or

simply transfer PFAS.
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Table 41. Predicting liver concentrations of PFOS and 8:2 FTS via the ODE model increased MAE by more ttudaif tower the
nonlinear model. Additionally, there is little influence of individual 8ata predictive power regardless of the model choice.
Full model LOOCV models Fold-changé

8:2 FTS Nonlinear model MAE 15.9 16.5 1.04
ODE model MAE 35.6 36 1.01
Fold-changé 2.24 2.18
PFOS Nonlinear model MAE  277.2 293.5 1.06
ODE model MAE  780.5 803.5 1.03
Fold-changé 2.82 2.74
Notes:

MAE: mean absolute error; LOOCV: leavaeout crossvalidation; ODE: ordinary differential equatipRFOS: perfluorooctanesulfonic acid; 8:2 FTS: 8:2

fluorotelomer sulfonate
Fold-changéis ODE model MAE divided by nonlinear model MAE and faldangéis LOOCV MAE divided by full model MAE.
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Table 4.2. Summary of parameter estimates from linear and nonlinear models. NA indicates insufficient data or poorly performing

model fit (e.g. concentrations are indistinguishable from background).

Linear Elimination

Nonlinear Elimination

Nonlinear Uptake

NonlinearVolume of

Rate (K) Rate (Ko) Rate (Ky) Distribution (Vd) Half-life (day9
PFAS Diet, mean, (SD) Tissue Estimate, (SE) Estimate, (lower, upper) In(2)/K10, (lower, upper)
PFHxS 1935.23, (354.98) Liver -0.068, (0.030) -0.079, (0.04,-0.156) 0.182, (0.049, 1) 30.301, (16.672, 35) 8.77, (17.33, 4.44)
Remainder -0.084, (0.045) -0.149, (0,-1) 0.118, (0.001, 1) 7.124, (0.34, 10) 4.65, (Inf, 0.69)
Estimated Whole Body -0.108, (0.058) -0.154, (0,-1) 0.139, (0.001, 1) 5.173, (0.175, 10) 4.5, (Inf, 0.69)
PFBS 1639.71, (219.4) Liver -0.064, (0.063) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder -0.055, (0.018) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body -0.154, (0.082) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFHpS 1129.1, (204.72) Liver -0.097, (0.021) -0.1, ¢0.066,-0.147) 0.072, (0.049, 0.103) 0.32, (0.231, 0.421) 6.93, (10.5, 4.72)
Remainder -0.087, (0.020) -0.097, (0.03,-0.252) 0.063, (0.017,0.124)  1.055, (0.431, 1.845) 7.15, (23.1, 2.75)
Estimated Whole Body -0.089, (0.019) -0.095, (0.038,-0.221) 0.061, (0.025, 0.117)  0.975, (0.476, 1.514) 7.3, (18.24,3.14)
8:2 FTS 885.23, (153.27) Liver -0.088, (0.015) -0.086, (0.062,-0.115) 0.064, (0.047, 0.083) 1.31, (1.039, 1.622) 8.06, (11.18, 6.03)
Remainder -0.072, (0.014) -0.074, (0.039,-0.126) 0.081, (0.041, 0.136)  3.039, (1.914, 4.296) 9.37, (17.77, 5.5)
Estimated Whole Body -0.074, (0.013) -0.077, €0.043,-0.132) 0.078, (0.045, 0.134)  2.964, (1.931, 4.024) 9, (16.12, 5.25)
PFOSA 863.47, (127.96) Liver -0.033, (0.027) -0.036, (0.008,-0.069) 0.544, (0.095, 1) 2.952, (1.88, 4.353) 19.25, (86.64, 10.05)
Remainder -0.029, (0.032) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body -0.027, (0.031) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFOS 697.14, (112.48) Liver -0.007, (0.008) -0.009, (0.00050.021) 0.062, (0.028,0.111)  0.213, (0.156, 0.266) 77.02, (Inf, 33.01)
Remainder -0.007, (0.009) -0.008, (0, -0.023) 0.073, (0.023, 0.175) 0.605, (0.404, 0.78) 86.64, (Inf, 30.14)
Estimated Whole Body -0.007, (0.008) -0.008, (0, -0.022) 0.065, (0.024, 0.132)  0.587, (0.393, 0.752) 86.64, (Inf, 31.51)
PFDA  629.43, (93.28) Liver -0.016, (0.010) -0.017, ¢0.007,-0.028) 0.065, (0.04, 0.099) 0.42, (0.336, 0.514) 40.77, (99.02, 24.76)
Remainder -0.023, (0.012) -0.024, (0.008,-0.04) 0.05, (0.024, 0.084) 0.742, (0.53, 0.99) 28.88, (86.64, 17.33)
Estimated Whole Body -0.022, (0.019) -0.023, ¢0.008,-0.039) 0.051, (0.026, 0.084)  0.755, (0.549, 0.994) 30.14, (86.64, 17.77)
PFNA  585.92, (111.88) Liver -0.049, (0.032) -0.06, ¢€0.012,-0.123) 0.251, (0.032, 1) 5.234, (2.487, 7.954) 11.55, (57.76, 5.64)
Remainder -0.049, (0.038) -0.078, (0.014,-0.275) 0.169, (0.016, 1) 7.986, (2.416, 10) 8.89, (49.51, 2.52)
Estimated Whole Body -0.111, (0.063) -0.214, (0,-1) 0.064, (0.004, 0.211) 3.82, (0.345, 8.994) 3.24, (Inf, 0.69)
PFOA  276.81, (47.65) Liver 0.043, (0.005) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder -0.158, (0.294) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body NA, (NA) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFUJA  192.97, (36.66) Liver -0.010, (0.010) -0.012, (0,-0.026) 0.051, (0.021, 0.092)  0.359, (0.252, 0.469) 57.76, (Inf, 26.66)
Remainder -0.010, (0.010) -0.011, (0, -0.027) 0.056, (0.019, 0.113)  0.909, (0.605, 1.215) 63.01, (Inf, 25.67)
Estimated Whole Body -0.010, (0.009) -0.011, (0, -0.025) 0.055, (0.023,0.104)  0.899, (0.628, 1.177) 63.01, (Inf, 27.73)
PFBA  160.03, (354.4) Liver -0.024, (0.028) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder -0.024, (0.019) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body -0.031, (0.025) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFHpA 90.69, (15.67) Liver 0.005, (0.023) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder -0.173, (0.192) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body NA, (NA) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFTeDA 36.96, (4.96) Liver 0.010, (0.017) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder 0.011, (0.017) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body 0.011, (0.017) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFTIDA 13.31, (2.08) Liver -0.010, (0.018) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder -0.010, (0.019) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Estimated Whole Body -0.023, (0.019) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
PFHXxA 1.86, (0.33) Liver NA, (NA) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
Remainder NA, (NA) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
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Estimated Whole Body NA, (NA) NA, (NA) NA, (NA) NA, (NA) NA, (NA)
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Figure 4.1 Liver (red) and remainder (green) PFAS concentrations with tissukePFASwise cubic spline smoothers. Points are
individuals, lack of points indicates no data above reporting limit, dashed vertical line indicates day 28 transitiotakeo up

eliminaion. See Sl for acronyms.
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Discussion

Toads were fed homogenized worms growa RFASmixture-spiked soil for 28 days
and then worms grown in control soil for anot
tissues were collected weekly and PFAS levels quantified. Two different toxicokinetic models
were fit to liver, remainder, and estimated Vehlbody concentration data through time. A model
selection procedure was used to identify a modeling approach with relatively higher predictive
power. The definitive model uptake and elimination patams were used to generate trophic
transfer coefficients (TTCs). TTCs are intended to inform potential for trophic transfer or trophic
magnification, lacking field data.

The TTCs for PFOS, PFUdA, and PFDA are all above two and indicate that trophic
magnification is possible in this kinetibmsed screening approach. Note that lower confidence
levels in all three of these PFAS fall below two but for PFOS and PFUdA the aqp&tence
limits are infinity. This is due to elimination rates for PFOS and PFUdA including 0 &xe
4.2 rates and halfives). In contrast, the PFAS that are expected to be trophic diluters (8:2 FTS
and PFHpS) have nearly equivalent elimination and uptake rates. They also have widely varying
TTCs which can likely be attributed to generating ratios from toxaeability numerators and
denominatord@ a 510% multiplicative uptake or elimination rate variation is less alarming than
a manyfold TTC variation. While there are highly variable patterns in TTCs, we note the
potential for dilution is less strong tharagnificatiord TTC central estimates for 8:2 FTS and
PFHpS are between 1 and 0.3, while PFOS and PFUdA are between 3 and 10. Across PFAS,
uptake rates are somewhat clustered between 0.05 arfeldufe(44) and elimination rates are
more variable, ranging from 0.01 to OHiqure 45). Further, elimination rates are somewhat

clustered with PFOS, PFUdA, and PFDA below 0.05 and PFHpS and 8:2 FTS between 0.05 and
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0.1. Accordingly, a plausible broad hypothesis is that TTC values are a function of elimination

rate.

The relationship between diet concentration and TTC, uptake, or elimination rates are
unclear Figure 43). As the linear model for elimination rates are less problematic than linear
uptake rates, the elimination rates are reasonably comparable to the nonlinear parameter
estimatesFigure 45 demonstrates a potential relationship between elimination rate afdadiet
concentrations rise, elimination tends to increase. Given that uptake is expected to be consistent
across PFAS, it is plausible to hypothesize that TTCs are driven by eliminadi@iimination

may be driven by a concentration dependent process.

Half-lives appear to be in several clusters with some central estimates at less than 28 days
(e.g. 8:2 FTS), some very near 28 days (e.g. PFDA), and several much longer than 28 days (e.g.
PFOS). These estimates (and their related parameter estimatas)lesaely related to diet
concentration. Similarly, while there does appear to be a pattern of the increasiifg il
fluorinated carbon chain length, there is clearly a relationship with functional group as PFNA,
PFOS, and 8:2 FTS have similar flimated carbon chain lengths, but capture the lowest,
average, and highest hdilfes (se€lTable4.2). It should also be noted that these Hiaks are
based on the elimination rates determined in the nonlinear model effort and accordingly account
for kinetics. Our expectation is that this representation oflifi@lis more inclusive of the
multiple piocesses (uptake, volume of distribution, and elimination) that influence PFAS internal
dose.

Anotherobservation of the study is that PFAS that tend to move into worms may not

necessarily move into toads. PFHXS, as the highest concentration PFAS observed in worms, had
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such large elimination rates that model parameter estimates were challenging (95% confidence
intervals span 0 to 1). While there is concern about concentaejoendent elimination rate,

PFAS such as PFOS may have a 0 oi@ (aticwoiwormc at egor
ti ssue concentration to soil concentration is
(the highest TTC). Contrasting, 8:2 FTS has a

0l owd categori zed Tnid€endébelimination niag be obsarved thesea at i

o

data indicate that the PFAS and its kinetics are the drivers. This is in alignment with the actual
scientific question in mindl how do we better describe the PFASanism relationship in the
lab such that wean better understand field observations?

Notable field observations from terrestrial systems generally do not include herptile taxa.
Those studies that do include herptile taxa are often in single trophic steps and do not meet
definitions of food web studies where trophic transfer would be quantified. But for comparison
of the PFASto-PFAS patterns we discuss some wohkdvitiller et al.(2011) the food chain
described was lichen to reindeer to wolves, in Huang €@22)grass, pika, and eagle were
sampled, and in Fremlin et §2023)invertebrates, songbirds, and hawk eggs were sampled.

Heimstad et ali2024)sampled invertebrates, songbird eggs, and hawk eggs (with other

mammalian tissues in a nonlinear foodwébp , whi |l e these studies don
comparison of an invertebrate to toad, PF®cific comparisons may be useful. PFOS, in

particular, shows the most potential for trophic magnification in these fieldTdasais also in

alignment with short food web studies that tracked PFOS alone from soil through worms and

plants to mice and identified BMFs greater than 1 for PEF@56 Hol | andeor et al . 2
multiple PFAS from soil through worms to voles and identified BMFs greater than 1 for PFOS

alone (all other PFAS were < (Grgnnestad et al. 201Also note that long chain
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perfluoroalkyl carboxylates PFDA and PFUdA are high potential magnifiers in this study, but
that principle may not be consistently observed in the field $itéduller et al.(2011) the
larger PFAS have a reduction in trophic magnification factors, but in Huang 2022)and
Fremlin et al(2023) these PFAS may show trophic magnification levels that are near to PFOS.
In Heimstad et a2024) the long chain perfluorocarboxylates show an increase and then
decreasing pattern with a peak at PFDoDAteNtbat PFHXDA was indistinguishable from zero
(Heimstad et al. 2024 ui et al.(2018)evaluated adult Ranid frogB€lophylax
nigromaculatu}living in wet agricultural habitats. Their bioconcentration factor values (frog
tissue concentration / water concentration) (unclearly described as bioaccumulatiod factors
implying dietary exposure) increase with carbon chain length for perfluoroalbgd gdates and
sulfonates and their chlorinated replacemé@ts et al. 2018)It remains untested how our
individual trophic transition (diet to toad) could speak to larger food chains with multiple trophic
transfers, but some alignment suggests that overall trophic transfer of PFAS may be a function of
internal toxicokinetic rateés if bioaccumulation is informativef biomagnification, we should
observe alignment of individual toxicokinetic rates and system level trophic magnification rates.
Herptile data largely exist for their aquatic, larval stages. The data are lower resolution
across time but do allow for a comparative basis. For instance, Ankley2Q@4)provide
bioconcentration information in larval Ranidstfiobates pipiendprmerly Rana pipiensthat
were observed during a toxicity test. Values indicate bioconcentration factors based on ratios of
estimated tissue concentrations and water concentrations to be lower than those bioconcentration
factors based on ratio of kinetic pareters (uptake vs elimination). Importantly, given the range
of concentrations in water and tissues, bioconcentration values ranged from 17.%A0kKl&%p

et al. 2004) Assuming that our dietary TTCs represent one exposure route and magnitude at a
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terrestrial life stage and the bioconcentration another exposure route and magnitude in an aquatic
life stage, across the full life of any given amphibian, the bioconcentration factor maybe higher
than dietary accumulation. The implication is that PFASIens from aquatic systems are, at the
least, equivalently important as dietary exposure during adulthood. However, the continuity of
body burdens across life stages assumes continuous uptake and/or low elimination. Disregarding
the difference betweddthobates(Ranid frog) andAmbystomdAmbystomatid salamander), the

data from Flynn et a(2021)would concur; that for PFOS, a biomagnification factor based on

diet to salamander tissue between 1 and 3 would be lower than bioaccumulation in larval
Lithobates Interestingly, as dermal exposure is highly relevant for taxa that have generally
permeable skin (amphibians), data on dermal transfer indicates that PFAS may or may not have
influential biotasediment accumulation factors (BSAFs). Abercrombie €2821) indicate that

in Ambystomd@FOA, PFOS, PFHXS, and 6:2 FTS have BSAF values that are at or belédw 0.10
indicating that dermal routes are not routes of high accumulation. Note, however, that these
values are similar to the dietary accumulation factors of Flynn g0f11)for PFOA, PFHXS,

and 6:2 FTS. Accordingly, the more insightful observation is that dietary accumulation is only
higher for PFOS. Further, Abercrombie et(@8D21)includeAnaxyrus americanusata so a
comparison can be directly madeowar data. BSAF values for dermal exposure to PFOA,

PFHxXS, and 6:2 FTS are all below 0.1 and for PFOS range between 0.1 a(&b@r2sombie

et al. 2021) This indicates that the dietary exposure route is more accumulative than dermal for
PFOS, but low TTCs for PFOA, PFHXS indicate that dermal accumulation may be comparable to
dietary accumulation. The relationship between 8:2 FTS and 6:2 FTS remainsdiimekese

taxa. Our data, in conjunction with some other amphibian(éd@rcrombie et al. 2021;lynn

et al. 2021puggest that PFOS is one PFAS that has high dietary accumulation during terrestrial
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life stages and low enough elimination in aquatic and terrestrial life stages to persist in an
individual through an aquatic to terrestrial transition.

Data related to toxicity of PFOS, PFOA, and PFHet8orinated polyfluorinated ether
sulfonic acid (6:2 GPFESA), and hexafluoropropylene oxide trimer acid (HARX) in
terrestrial life stage amphibians is only available in dermal exposure (Qutiest al. 2018;
Abercrombie et al. 2021; Lin, Wu, et al. 2022)d via diet in salamandg(fslynn et al. 2021)
Other PFAS studied here do not have data available. However, exposure via dermal routes to
PFOS, PFOA, and PFHXS did not reveal detectable-dsgpmnse data effects up to 8000 ppb
dry weight basigAbercrombie et al. 2021)et, comparison back to control data suggests that
potentially a neeffect concentration was unobserved and actually all treatments were indicative
of toxic effects. While it remains unclear, at the least, PFOS and PFHXS appear to be more toxic
than PFOA(6:2 FTS may be the most imgfad) (Abercrombie et al. 2021Flynn et al(2021)
indicate that PFOS significantly reduces growth using a marginal approach to control for
mismatched starting weights. As summarized in Pandelides(202aB) this effect measure may
not be one risk assessors are comfortable wit
relevance (by Pandelides et@023) is not compatible with modern statistical thinking nor is
Awei ght at end of st ueelevantenodelp vehich wolldereywi t h popu
growth rate (i.e. a marginal measuidh et al. (2022) identified increased hepatosomatic index
and mechanistic signals of lipid dysregulation in adult Ranid fiegkphylax nigromaculatjis
exposed to 1 to 10 -PFEYALandMHFRDA, Imperiadygthe 6 : 2 Cl
interpretation was that replacement PFAS were equally toxic as legacy PFAS (Cui et al. 2018;

Lin, Liu, et al. 2022). Uncertainty about comparability of strictly aquatic exgogersus dietary
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should be noted here as well as the general lack of utility for suborganismal data in risk
assessments (Pandelides et al. 2023).

Exposure through contaminated bedding is not addressed here but is addressed by
Abercrombie et al(2021) However,t is likely important in real field settings as toads absorb
moisture through their stomach skin. The toads in this study were observed resting in their petri
dish water supplies regularly. The water provided is based on source water that i8dd-AS
(Narizzano et al. 2024but it is not determined if elimination and or uptake could be occurring
through this dermal route in these organisAtsercrombie et al(2021)would likely suggest
dermal exposure to any contamination is low, but this cannot be addressed as this study was not
designed to answer these questidmsontrast, Cui et a{2018)indicate that substantial
portions of the PFAS burden in frogs may be in the skin tissue itself. While one could
hypothesize that smaller and/or more water soluble PFAS would tend to move through the
porous skin of amphibians, potentially the relativelyér flux observed by Abercrombie et al.
(2021 can be explained by deposition into the sKimmination through feces or molting skin
may increase variability in observed concentrations as fecal deposition is periodic (daily to
several days between events) and molting of skin may occur sporadically and requires high
quality laboratory care to occin the laboratory.

Uncertainties in this dataset and analysis are largely related to corroboration with field
data with multiple trophic levels with amphibians. There are also few laboratory data with
terrestrial life stage amphibians, but further, there are limited PFASBitraransfer studies in
laboratory. McDermott et a{2022)and Judy et a[2022)describe the movement of PFAS from
plants to invertebrates, so there is not a direct relation to this study as the invertebrates in our

study were exposed directly to thalsnot via diet alone. Importantly, the McDermott et al.
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(2022)and Judy et a(2022)studies suggest (1) trophic dilution through this food chain and (2)
PFOS is the highest trophic fimagnificationo f
described herKuperman et al. 2025uggests that some PFAS are diluters in thevamiim

step (shorter chain PFAS), but others are accumulative (longer chain PFAS) and would suggest
trophic magnification. The resultant hypothesis that could be explored to address this uncertainty
is that waer-plant transfer is where dilwih emerges while soil+wat@mvert-predator is a

magnifying pathway. While there are features of PFAS congeners that are influential, the
features of the organism or food chain of interest and the abiotic media source are likely equally
influential. As arexample, Scearce et §023)indicate that characteristics of the PFAS, soil,
ground/surface water, and the plants are all interacting in a manner that has left predicting uptake
into sessile organisms (plants) a challenge.

Anot her uncertainty that candét be resolved
chain length patterns observed in the fi@liller et al. 2011; Huang et al. 2022; Fremlin et al.
2023)against the relatively linear BAF~@#hain length patterns observed in single step
transfergBurkhard and Votava 2023)mportantly, however, it can easily be hypothesized that
in the field, higher | evel organi smsdé diet s,
chain, are an integration of a variety tfygicochemical and biological processes. So, while a
linear pattern may exist in a basal food chain step (soil to worm), at higher trophic levels; the CF
chain length may not be entirely explanat@ge mismatch in adult Ranid frdgdlophylax
nigromaculatufield vs laboratory frog tissue concentration / water concentration in Lin et al.
(2022)where field bioconcentration is substantially higher than observations in the laboratory.

In conclusion, we utilized internal toxicokinetics of dietary exposure to a PFAS mixture

in a terrestrial life stage amphibian to identify PFAS trophic transfer coefficients. PFAS with
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relatively high TTCs are suggested to likely be trophic magnifiers (PFOS, PFUdA, and PFDA),

8:2 FTS is likely to equivalently transfer, and PFHpS a trophic diluter. These data are somewhat
as expected from some field dékadller et al. 2011; Huang et al. 2022; Fremlin et al. 2023)

where PFOS is expected to by a trophic magnifier. The novel addition from this study is that in
higher order organisms, this observation may be a function of very low elimination at the

individual level. At the primary consumetkg trophic magnification of PFOS may be
considered 6mediumdé in that our BAFs were in
(Kuperman et al. 2025)n concert, the field observations may be a function of uncaptured

processes, specifically for PFOS.

108



Chaptlrrophi ¢ transfer and dietary
rab@rtyct ol agdws cunicul us

Abstract

Per and polyfluoroalkyl substances (PFAS) are widely detected in soil, plants, and
animals. On sites, PFAS are expected to be mixtures, and it remains unclear how regulations and
risk assessments that are driven by single PFAS maflbencedby other associated PFAS.
Further, given the magnitude of sites where ecological (or human) risk assessments may occur,
there is a need to identify and highlight methods and PFAS where efficiency or prioritization are
possibleln the interest of speaking to broadeges and food chains at large, we present data
from laboratory studies where a uniform mixture of PFAS was monitored as it moved from
environmental media through multiple trophic levétsstudies reported prior, soil was spiked
with 16 nominally uniform PFAS and aged. Aged soil was used as growth media for timothy
grass Phleum pratengeand kale Brassica oleracea The plant data was used to prepare a
PFASspiked plant diet for rabbi{®©ryctolagus cuniculysalong with a control plant diet from
timothy grass and kale grown in control growth media. Rabbits were fed the spiked diet for 28
days during the uptake phase and the control diet for 28 days during the elimination phase.
Rabbit liver, kidney, and musclssues were collected via lethal sampling periodically through
the study period. PFAS concentrations were quantified in the plant diets and rabbit tissues. A
nonlinear regression toxicokinetic model was fit-P&AS and petissue along with an
estimatedvhole animal concentratioithe uptake and elimination rates from this toxicokinetic
model used to determine trophic transfer coefficients (TTCs). TTCs provide a kinetic

comparative basis to relate PFASO potenti al
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perfluorooctane sulfonic acid, perfluoroheptane sulfonic acid, and 8:2 fluorotelomer sulfonic
acid all have potential to be trophic magnifiers, while perfluorohexane sulfonic acid is more
likely to be a trophic diluter. These results are compared andastedrwith other taxa and

physiological specifics of rabbits and the g@antrabbit food chain are discussed.

Introduction

Per and polyfluoroalkyl substances (PFAS) are synthetic molecules that are generally
consideredvidespreadn the environment. Importantly, regardless of the breadth of research on
their persistence, bioaccumulation, and toxicity, there remain few data that support ecological
risk assessment in terrestrial systéiuskley et al. 2021; Evich et al. 2022; Gkika et al. 2023)
Specifically, exposure estimation in upper trophic levels with laborafoajity stepwise
guantification of transfer factors to suppsimple food web modelss inLarson et al(2018)
and Zodrow et a2021) While field and laboratorglata on individual PFASxposure to
terrestrial vertebratesmre available (e.g. Death et 2021) and field studies omultiple PFAS
are available (e.g. Fremlin et §023) Ecke et al(2024), few lab studies are available with the
capacity to explore the importance of mixtures.

One area of PFAS exposure reseagtbvant to terrestrial food welisat has a robust
amount of data is the movement of PFAS into plaMang et al.(2020)provide a concise
summary of several citations that suggests the understanding of PFAS movement into plants is
largely a function of PFAS molecular weight (carbon chain length) with decreasing patterns in
bioconcentration factor as molecular weight insesaand no substantial effect of functional
group (carboxylates (PFCAS) vs sulfonates (PFSAs)hsloaation of PFAS into plant shoots vs
roots (translocation factor (TF)) indicate similar patterns with the added observation that

sulfonates (PFSAS) are less likely to be found in shoots when controlling for molecular weight
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(Wang et al. 2020)ew of the data summarized Wang et al(2020)are based on studies
exploring PFAS uptake in plants as mixtur@searce et a(2023)expand this observation by
noting that the PFA®Ilant linkage is compounded by PFASIl and plansoil characteristics
that limit the utility of PFASs peci fi ¢ descriptors and subsequel
and Al owo upt alkdimates astow precigiont i t at i ve

In this work, the uptake of PFAS into plants is largely of note as plants are food for
terrestrial herbivores. While there are a number of field studies based on evaluating PFAS
exposure in terrestrial food webs with mammalian herbivores@edgH o | | a n(2084), et al
there remain few lab studies related to this topic. Studies specifically addressing matrix to plant
to consumer identified here were focused on invertebrate herbikcBermett et al(2022)
grew alfalfa with PFAS contaminated irrigation water and then exposed crickets to that alfalfa
and irrigation waterThe study used a mixture of seven PFAS at a uniform concentration in the
waterand observed that bioconcentration factors (BCFs) were above 1 in the water to plant step
and that biomagnification famts (BMFs) were below 1 in the plant to cricket step. They did not
detect mixture effects that influenced uptake into either organism. The BCF > 1 and BMF < 1
indicates that the movement of PFAS from irrigation water (representing ground/surface water)
to plants and then to herbivorous invertebrates may not be a magnifying pathway. However, the
relationship between water to cricket BCF miewplant to crickeBMF indicating that binding
in the cricket is a key determinant of consumer uptake regardleesi@e(McDermett et al.
2022) Judy et al(2022)spiked hydroponic media witevenPFAS, grew tomatoes in that
media, and then fed contaminated tomato leaves to tobacco hornworm cateénpallapgtake
and elimination period (toxicokinetic) study desighe BCF value$or media to plant are

approximatelyin the same range as observeiicDermett et al(2022) butin reverse order
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against Gchain lengthHowever, sinlar to McDermett et al2022) the BMFs of plant to

hornworm were less than the BCFs of media to glaudy et al. 2022)The broad interpretation

is then that movement of PFAS into plants is clear, but movement into plant consumers may be
less However, given the highly specific relevance of plant consuming invertebrates and water
driven plant exposure, there remains a data gap to be addnedsedil-driven plant exposures

and vertebrate consumers of plants.

The need for vertebrate exposure estimation data are largely driven by focus on
mammalian sensitivity to PFA&d the low soil concentrations that emerge from the current
understanding of food web exposizedrow et al. 2021; Grippo et al. 2024)is also known
that PFAS observed on terrestrial ecological risk assessment relevant sites [Bejcarament
of Defense (DoD) aqueous fillorming foam (AFFFuse areaéEast et al. 202%) are
mixtures. As such, there is interest in refining the data supgastepwise food web exposure
models by reliance on laboratory data and mixtuggposure data from vertebrates exposed in
the laboratory to PFAS via plant diet are limited, vertebrates exposed to plants that have been
grown in a contaminated media even I&sath et al(2021)evaluated a series of field and
some lab studies focused on livestock and describe several field studies focused on vertebrate
wildlife. Due to the limited data aligned with the scenario of interest, there are limited insights,
but it is likely that PFAS will beccumulatedby vertebrates from plant material and likely there
are tissuespecific affinities that may be relevant for upper trophic level predators that do not
consume an entire prey aninglowalczyk et al. 2013; Death et al. 2021)

To address the lack of laboratory data on terrestrial consumer PFAS mixture exposure,
we have conducted a series of studies. The overarching report is availdbpemean et al.

(2025)where we describe the stepwise potential for a PFAS mixture to move from soil to plants
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to vertebrate herbivores and from soil to worms to vertebrate amphiBmdsscribed in Lotufo
et al.(2025)a mixture of PFAS move into worms in a pattegtated to Gchain length only in
PFCAs with unclear/flat BAF values across PFSAs and two precursors. Interestingly this
relationship appears driven by uptake rate as elimination rates do not have a clear correlation
with C-chain length while uptake rateeis(Lotufo et al. 2025)Notably, a kinetichased
bioaccumlation factor (BAF) as uptake rateid@d by elimination rate provides BAFs that are
nearly equivalent to BAFs determined by day 28 worm concentration divided by soil
concentration. In East et §2025)(Chapter 4Dietary kinetics of a PFAS mixture in the
American toadAnaxyrus americangislaboratory insights into trophic transfer of PBA&dult
life stage toads were exposed to worms collected from Lotufo (@0&5) Kineticsbased
trophic transfer coefficients (TTCs) were reported for several PFAS, and critically, the potential
for trophic transfer from worms to toads appears driven by elimination hatesnbined worms
and toads, PFOS shows one of the highest average transfer factors and is expected to be a trophic
magnifier based on consistent transfer factots >

In this study, rabbits were exposed via diet to plants that were spiked in a manner to
mimic plant concentrations that were observed in pilot studnesenplants were grown in soil
spiked with a uniform mixture of 16 PFABuperman et al. 2025 oncentrations of PFAS in
rabbit tissues will be quantified during 28 days of uptake (exposed to the spiked diet) and 28
days of elimination (exposed to a control diet). These concentrations will be used to fit
toxicokinetic modelg¢Tarazona et al. 2015; Tarazortaak 2016) estimate uptake and
elimination parameters and provide trophic transfer coefficients (THas}) €t al. 2028. TTCs
provide a kineticglriven quantification of potential for accumulation and troptaasferin the

plant to vertebrate herbivore step. The first objective of this work was to (1) describe the
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movement of PFAS into rabbit tissues from their diet and to (2) inform the potential for trophic
magnification in a PFAS suite as it moves from soil to plant to vertebrate herbivore in the

laboratory.

Methods

PFAS Selection

The PFAS selection is described in detail in Kuperman et al. (2025). In brief, the PFAS
selected for this study included thaggh a shoot BCF > 1 in 28 (kale) or 32 days (timothy
grass) uptalk@ perfluoroheptanoate (PFHpAjerfluorooctanoateéRFOA),
perfluorobutanesulfonic acid (PFBS), perfluorohexane sulfonate (PFHxS), and PFOS. To explore
the effects of chain length, we included perfluorobutanoate (PFBA), perfluoropentanoate
(PFPeA) andperfluorohexanoate (PFH3APrecursors 8:2 fluorotelomer sulfon&@e2 FTS)
and perfluorooctane sulfonamide (PFOSA) were also included. The selected list captures chain
length trends and the terminal transformation products of PFAS precursors and PFAS that are a
primary focus of federal advisories and state regulatiomsd on DoD installations. Analytical
grade PFAS were obtained from te5. EPA PFAS Chemical Library or Sigra#drich (St.

Louis, MO).

Diet Preparation

The diet was a combination of plants with timotgrass Phleum pratengespiked to
mirror concentrations determinedpiiot studies (timothygrassgrown in contaminated soil)
(Kuperman et al. 202%nd kalg(Brassica oleracepgrown in soil spiked with PFAS at a
uniform concentratioo f 1 0. The ¢gest kog conditions are described in detail in Kuperman

et al. (2025). In brief, test soil was Organisation for Economio@oation and Development
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(OECD,; Paris, France) standard artificial soil (SAS) modified by lowering the peat content from
10 to 5% (75% fine sand, 20% kaolin clay, 5% finely ground sphagnum peat moss, and 1%
pulverized lime) to increase bioavailability of the test compounds (OEQD; 2 DECD 2012;
OECD 2016). The measured concentrations of PFAS in SAS were low (0.07 ng/g and 0.09 ng/g
for PFHXA and PFPeA), with no other PFAS compounds found above detection limits.

A stock solution containingll PFASIin ASTM Type | water (deionized wateras
preparedo spike timothy grass'hese individual concentrations of each PFAS were based on
concentrations of each compound in shoot dry mass determipédtiplant uptake studies
(Kuperman et al. 2025 he stock solution contained a mixture of PFAS with varying chain
lengths to targdinal timothy grassoncentrations of 67, 21, 1.5, 2, 6, 18, 14,7, 9, 4, and 7
e g / fer BFBA, PFPeA, PFHXA, PFHpA, PFOA, PFBS, PFHXS, PFHpS, PFOS, 8:2 FTS, and
PFOSA, respectively. Timothyrasswas spread in a large higlensity polyethylene tub and
sprayed with a mixture of stock solution or ASTM type | wétiionized wateriising an
atomizer, while turning with gloved hands under a fume hoodgifdeswas then spread on a
greenhouse bench and dried for 24 h. Gtesswas placed in plastic bags in the dark at room
temperature until feeding to rabbifs stock solution containing all PFAS was prepared to spike
soil for kale uptake. The stock solution contained sufficent PFAS mass to spike soil at a final
wetted and aged c oimPERANRFPPeA tPFHXA, PRHPA, RFOA, PEBS,k g o
PFHXS, PFHpS, PFOS, 8:2 FTS, and PFOB#e final concentrations in the kale are a function
of the accumulation into the plant materlghle and timothy grass grown in control (unspiked)

soil were used for the diets during the elimination period.
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Rabbit caregxposureand sample collection

This animal use was reviewed and approved bYptB¢COM Chemical Biological
Center (CBC)nstitutional Animal Care and Use Committ&HVCOM IACUC Protocol #20-

505. All animal care and use was performed according to the Guide for the Care and Use of
Laboratory AnimalgNational Research Council (U.S.) et al. 20444 all applicable federal and
DoD regulations.

Dutchbelted rabbits@ryctolagus cuniculudomesticuswe i ghi ng 1. 81 2. 3 kg
purchased from Robinson Services (Mocksville, NC). They were sirayleed in a temperature
andhumidity-controlled room (122 4 AC and 3071 70% humidity) with
1800. Rabbits had access to nonconsumable enrichment items, and they were allowed at least 30
min of playtime outside their home cage each week.

A four-week pilot study was conducted to determine how much tingtigsa sexually
mature rabbit would need to eat each day to maintain its body weight. Awegidfiiing 2 kg
should consume 15071200 kcal / dgaagsyarieckso metvtleat , t h e
published sources do not comment on how ngrelssis required each day. For thiest week,
two rabbits (one male and one female) were fed timgthgs(Bio-Serv; FlemingtonNJ) ad
libitum along with 1 cup/day of leafy greens (Commigs&berdeen Proving Grount)D). The
type of greens (collard, kale, parsley, or spinach) was rotated daily to determpnef¢énence of
the rabbits. Rabbits were fed between 0800 and 1000, and the amount of grastayd
greens consumed each day was recorded. Rabbits were weighed three times weedlly, and
observations were recorded on appearance, appetite, and activity level of each rabbit.

During the definitive study, diets were provided fresh dgibr pilot work matched to

individual consumption. Rabbits were weighed three times per week to monitor bodyweight and

116



animal condition along with daily clinical monitorin@n date of sample collectiorglbrbits were

restrained and intravenously injected with F&tkals (Vortech Pharmaceuticals; Dearborn, Ml)

using their marginal ear veins. Blood samples were collected via a heart stick and analyzed using
VetScan comprehensive diagnostic profile and thyroxine (T4)/cholesterol panel rotors (Zoetis;
Parsippany, NJ). Brain, gonad, liver, kidney, muscle, skin, and spleen samples were also

collected and weighed. A portion of édover, kidney, and muscle sample was flash frozen with

l iquid nitrogen and stored at 180 AC until th
Lubbock, TX) for analysis. The remaining tissue samples were preserved in 10% formalin for

future pathology studies, and theCcarcass was

Study Design

The study design was based on the Organisation for Economic Cooperation and
Development (OECD) Technical Guide (TG) # 305, Bioaccumulation in Fish: Aqueous and
Dietary ExposurédOECD 2012)Figure 1). Exposure was strictly through the dosed Tlete
cohortsof rabbits (n =1 per sex and timepoimter cohort, N=4Pwere exposed tBFAS
mixtures via diet for 28 days and then a clean diet for another 28 days (56 days mvstatiy
Rabbits wereandomly selected for sampling 6n1, 7, 14, 28, 29, 382, or 56 days after the
start of the studyStudy day O represents background concentrations, samples collected on study
daysl1, 7, 14, and 28 represent the uptake period. Study day 28 concurrently represents the start
of elimination as the diet provided on day 28 is the control diet. The elimirggrood samples

were collected on study days 28, 29, 35, 42, and 56.
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Analytical determination of PFAS in diet and rabbits

Extended details of analytical determination of PFAS concentratigrianndietand
rabbittissuesl{ver, kidney, and muscjeare available in Kuperman et al. (2025). In short, PFAS
were extracted frorplantsusing a method that is based on extraction fammaltissues and
plants(Hansen et al. 2001; Taniyasu et al. 2003; Kannan et al. 2004; Matrtin et al. 2004,
Gulkowska et al. 2006; Yeung et al. 2006; Spliethoff et al. 2008; Yoo et al. 2008; Pan et al.
2010; Zhang, Sun, et al. 2010; Zhang, Wu, €2@10; Felizeter et al. 2012; Wen et al. 2013;

Zhao et al. 2014; Xiang et al. 2017; Lan et al. 2018; Zhao et al. 2018; Wang et al A262)|

mass of drieghlanthomogenate was spiked with an extracted internal startésnahutyl

ammonium hydrogen sulfate and sodium carbonate buHsradded, tube was vortexedethyl
tertbutyl ether was addedndthe tube washaken. Extracts were separated by centrifugation

and transferred to glass scintillation gidxtraction was repeated for a total of thtieges.The
combinedextracts were then evaporated to dryness under nitrogen. Samples were reconstituted
in LC-MS grade methanol and transferred to tube with ER¥ih vortexed, and centrifuged at
15,000 rpm for 30 minuteé&utosampler vials were prepared for analysis with a volume of

extract and volume of metholand water to reach a 70:30 water:methanol solution at 200 ng/L
internal standard.

PFAS were extracted fromabbit liver, kidney, and musclesing methods prior
developed for animal tissu€Bomy et al. 2005; Houde et al. 2008; Zhao et al. 20A3mall
mass of wet tissues were placed in a polypropylene tube and dried at 70°C. An internal standard
was added to each tube, methanol was added to each tube, and tubes were sonicated at room
temperature. Samples were centrifuged and evaporated &®sdrynder nitrogen. Extracts were

reconstituted in LEMS grade methanol, transferred to a twikh ENVI-Carb, vortexed, and
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centrifuged. An aliquot of the extract was transferred to an autosampler vial and amended with
70:30 water:methanol to achieve a final internal standard concentration of 200 ng/L.

Chromotographic separation was performed on a Gemini C18 analytical column coupled
with a Gemini C18 guard column with a Sciex Exion high pressure liquid chromatography
(HPLC) system. A Luna C18 delay column was installed between the mobile phase mixer and
the sample injector to minimize background contamination. Columns were maintained at 40°C
throughout the run. Aqueous phase was ammonium acetate solution and organic phase was 100%
methanol. See Kuperman et al. (2025) for details on ramp schedule.

Quadrupole timef-flight mass spectrometry (QTG¥S) for targeted analyses were
performed on a Sciex X500R QTOF MS system. Turbo ion spray was used as the ion source.
Multiple reaction monitoring higiesolution (MRMHR) acquisition mode was used with two
transitions (quantifier and qualifier) for each PFAS, where possible. Data were acquired and
processed using versions 1.5 and 2.2 Sciex OS software. PFAS were quantified using isotope

dilution over a calibration range of 6300 ng/L with (coefficient ofletermination > 0.99)

Data handling

Liver, kidney, and muscléata for eaclabbitat each timepoint acros§ PFAS were
used for toxicokinetic modelidgin contrast to utilizing timepoirgpecific summary statistics
(i.e. just day 28)Nondetects observed mabbitson the first timepoint (study day 0) were set to
the PFASspecific minimum observed across the study period. This increases the stability of
background parameter estimates, but may lead to overestimates of background means. All other
nondetect observatits acrossabbits( st udy day O 7) wer endsret t o Na
subsequently ignored dugrmodel fittingDat a fr om ti mepoints O study

labeled with an elimination day which is study da38.Plantd i et a(¢ollecfadot s 6
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concurrent with rabbit sampling timepoinBfASspecific analytical estimates were
summari zed to a mean and used as the &6édosed p
Each individual rabbitdés kidney and Il iver

30% of bodyweight to generate an estimated whole animal concentrati@: a6 & @ &
0 QL H— L VQ¢ Q— 0 6 i G&'QThis value was estimated for

rabbits and PFAS where the data were complete only, to avoid biasing based on incomplete
detectionImportantly, as the liver and kidney combined represent approximately 3% of a rabbits
weight, this estimate represents approximately 33% of the body mass. It is expected that liver
and kidney captursubstantiabulk of PFAS mass. Regardless, these whole animal estimated
concentrations are likely underestimat&dditionally, muscle tissue represents the portion of an
animal tha often isconsumed by a predator. Therefore, the estimated whole body concentration
here is a high utilitestimate for binding affinity and representative of predator exposure.

Due tosubstantiatlifferences in reporting limits, PFOS data from a single cohort (first)
weree x cl uded. A s i areglsoexcludedak, basdd ®n thkacpatedwata, a

labeling error may have occurred and tisspecific measures are unlikely to be correct.

Nonlinear model

The nonlinear regression approastbased omitilizing the model of highest performance
for predicting tissue (serum) concentrations of PFOS in rabbits and chickens exposed via diet in
Tarazona et al. (2015, 2016). Starting parameters were determined by using linear regression
techniques of OECD TG#®5 for elimination period and uptake period. Some modifications to

the OCED TG#305 techniques were made during t
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phase6 ofobsewddatorsistentysd the volume of distribution (Vd) was
incorporated into the nonlinear models and likely captures the needed variability.

The one compartment nonlinear model used here to evaluate $tiegfic
toxicokinetics:

v 'rnl’?"i'n\lr\;'oo v €
o] WWww QA £ 60— - Q Q p
wQ v )]

where concentration at study d&¥)(is a function of: the mean PFAspecific concentration at
study day Oljackground; themeanPFAS concentration in theptake period daildiet
'Q"Q'Q dD); the volume of distributiond); the uptake ratekpi); the elimination rateio);

and time (study day).

Nonlinear model parameter estimation

All parameters were estimated usingARCore Team 2024nd all parameters are
estimated by PFAS and by tissue (livddney, muscleand estimated whole body). The first
parameter estimation step was to estimate the eliminatiorKrajeuing linear regression (least
squares) of lagconcentration through 28 days of elimination period (study day 28 to 56 as
elimination day 0 to 28). The slope of that linear regression is the estimated elimination rate. The
second step was to fit Eq. 1 using nonlineasst squares and Port algorithm withnlsf) (R
Core Team 2024junction in R with the elimination rate set to the slope of elimination linear
regression. The unknown parameters that were estimated were the uptake rated(volume
of distribution {/d). Ko1 andVVdwere bounded between 0 and 1 and O to 10, respectfully. For
PFAS where tissue concentrations were difficult to distinguish from background, a Levenberg
Marquart algorithm(R functionnlsLM() ) was usedElzhov et al. 2023)Bounds forKo1 and

Vdwere also expanded to 0 to 2 and 0 to 100 in these cases. Note that the LeMamhaegt
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algorithm is robust in difficult to estimate parameter situatibke the cases we identified

where peak concentrations were difficult to differentiate from background. Parameter estimate
variability was quantified using bootstrap meth{@aty et al. 2015)Residuals are resampled

999 times and leastguare estimates of parameters are used to provide confidence intervals of
definitive parameters estimates. Bootstrapping incorporates some of thanaometric
characteristics of the observed data and doesissume parametric/Gaussian distributions, so is
a more robust route to representing variability in parameter estimates.

The third stage of parameter estimation was to explore elimination rates in the nonlinear
approach. Accordingly, a second round of fitting Eq. 1 was performed with the uptake rate set at
the value identified in the first round of fitting Eq. 1. The elinimarate Kig) andvdwere
estimated using thels() orniIsLM() function as needed to reach stable parameter estimates.
These parameter estimatesd variability is rep

to provide confidence intervals arourstimates.

Trophic transfer coefficients (TTCs)

Utilizing laboratory data to speak to trophic transfer requires ensuring careful handling of
time or clear understanding of dynamic equilibrium/steady state concentrations and fluxes.
Presumably, field data are representative of dynamic equilibrium/ssestdy Laboratory data
are generally known to either be in a steady state or not. In these data, as PFAS were observed in
both of these states at day 28, static representations of biomagnifi€aiedCdie) peFPFAS
from these data would be inacc@aepresentations of field trophic transfer observations.

A kinetic approach was utilized to account for both time and internal kinetic¥d).e.
using the uptake and elimination rates. In sHBFC=Uptake/EliminationwhereUptakeand

Eliminationrepresent parametefs: andKio. To ensure sufficient capture of observed
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variability (as a measure of uncertainty), bootstrap parameter estimate distributions were
resampled (with replacement) 10,000 times to generate probabilistic estimates ofiT TCs.
situations where nonlinear fitting procedures produced low quality estimat@setireregression
uptake and elimination rates were considered proxies. Generally, PFAS with indistinguishable
concentrations from background levels produced pacameter estimatesd definitive TTCs

from nonlinear model parameters are not regorte

Results

Three blocks of male and female rabbits were exposed to PFAS mixtures voa diet
days and then a clean diet for another 28 days (56 days on study overall). SdhEes
kidney, and muscle/erecollected on days 0, 1, 7, 14, 28, 35, 42, an®6. A control group of
rabbits were fed a clean diet for the first 28 days of study and liver, kidney, anke rinssaes
collected on day 0 and day 28. The diet was a combination of plants with tigradsgpiked to
mirror concentrations observed in pikitdies (timothygrassgrown in contaminated soil) and
kale grown in soil spiked with PFAS at a uniform concentratlof ( ¢)¢FiglkreySI51, Figure
SI52). A combination of toxicokinetic modeling approaches vesr@uated to estimate
definitive PFASspecific uptake and elimination parametéifig(re SI54, Figure SI55, Figure
SI5.7, Figure SI58). Uptake and elimination parameters support the derivation of kinetic trophic
transfer coefficients that represent the potential movement of PFAS from diet to consumer
(plants to rabbits in this case) and the integrated capacity of an organism to sorb PFAS.

In general, similar to the toads, PFAS dynamics in rabbit tissues are not theside
current understanding of PFAS kineti€sgure 51, Figure 52). Some have fast dynamics
(PFHxS,PFOA), and some have slow dynamics that indicate potential for trophic magnification

(PFOS) A variety show limited dynamics or background concentrations that are seldom above
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reportinglimits (e.g., PFHxA, PFOSA). A significant observation that does not follow the
expected pattens that of 8:2 FTS. The rabbit tissues appear to eliminate 8:2 FTS slowly, which
deviates fronmthe observations in toads and other mammalBlarizzano et a[2021)and East

et al.(2024) Peromyscuspp.serumconcentrations dropped during dosing with 6:2 FTS,
implying elimination rates substantialiygher than uptake rates. The patterns in kinetics are
clear when observed in tissgpecificconcentrations and estimated whole organism
concentrationsHigure 51, Figure 52) and in rabbispecific PFAS to PFAS correlationigure
SI53).

Within rabbits, the tissutd-tissue relationships are less parallel than in tdddscle
tissues and specific PFAS appear to be driving the ch&nger¢ 51). Note that kidneyand
liver are regularly parallel in PFA@/namicswith kidney at higheconcentrations. PFOSA
shows equivalent kidney and liver concentrations, but is aldowest PFAS in the diet. In
cases with clear dynamics, PFAS muscle concentrations are gedétabld below the liver
and kidney which are approximately-16 3-fold from each other. ThRFAS with unclear
dynamics (e.g., PFBA, PFBS, PFHpA, PFPeA, PFHxA), generally inaslear relationships
between tissues, but when kidney dynamicgpaesen{PFBA and PFHpAand given the
proximity to reporing limits and unclear dynamics, it is difficult to inferther.

To date, a physiologicaHlipased differential equation based uptakeeimdination
multi-tissue model has not been constructed, but given observed high prgubeteein the
0si mpl erd modeling appr (Rals, RE&andindohds(Bastietalg Tar a z
20253 lends support for simpler approaches being effective in rabbits as well.

Uptake and elimination parameters from toxicokinetic models were derivédaistrap

methods and accordingly provide rparametric estimates and confidence interas.brevity,
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kidney, liver, muscle, and estimated whole organism concentrations are présentedrasting
PFAS (PFOS, 8:2 FTS, and PFOA) in the Appengiglre S156, Figure SI57, Figure SI53).

Esti mated whole or O6combinedd elimpaioni sm con
rates generate a trophic transfer coeffici€igijre 53) that does not appear to ketated to diet
concentration. This is different than the toads that show an untested potentididie to
concentration. The likelihood for PFOS to magnify in a plant to mammal system iBF@W is
likely to transfer (equivalent uptake and elimination when Vd adjusted), PFHxStlikeilyte
across ths trophic step, and 8:2 FTS and PFHpS likely to magnify. The omissiBRIgpS
from the linear analysis is based on a negative parameter estiigaies (54, Figure S154).
Boundary conditions or extreme parameters do remain a limitation ohétied to infer
likelihood of trophic magnification on the basis of kinetics. However, the sinmpérpretation
of APFHpPS i s not el i mithagpbtentabfor thophichadgnificatioha&nd ent | vy
guantification of a trophic transfer parameter estimate is meatbpdndent.

When looking at the estimated whole organism uptake and eliminationnditedually
(Figure 54, Figure 55), the core observation is that this plant to mammal systeliffesent
from the observations in the invertebrate to amphibian system above. In rabbits rajetske
appear to vary rather than being extremely similar. While there are overlapping confidence
intervals, the medians span approximately 2.5 to J¢u(e 55, see alsd-igure SI510 for
upper extreme bounds of PFHpS and 8:2 FTS) with no clear dependencecomciegitration or
PFAS. It is noted that outside of PFOSA, the PFAS that are towards theelogvef the diet
concentrations are those that have clear uptake; PFBA, PFPeA, PFBS;HxAl are not
sufficient to estimate nonlinear parameters. That being said, elimination rastifl Akely the

differentiating factor across PFASBiQure 54). There is a clear clustering betwebose that
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have high elimination rates (PFHXS and PFOA) and those that have lower elimiatdin
(PFOS, 8:2 FTS, and PFHpS).

In conclusion, kinetics of PFAS in mammals eating an affected diet sugge&traiS
and PFHpS are likely to magnify while PFOS and PFOA will at least transfer indpisc step
from plants to rabbits. There is substantial variability around PFOS, the astinadte appears
likely to magnify, but some study blocks did eliminate. The PFHxS appediisti, and all
others show either weak transfer or were unable to be distinguishetdakground.
Importantly, for PFAS like PFOS and PFOA, theirmtlapecific uptake is lowehan other
shorter chain PFAS, so there is a potential signal of trophic magnification in thamevéhse in
trophic level, there is increase in binding affinfBremlin et al. 2023)Studies irhigher trophic
levels (i.e., predators of rabbits or amphibians) would inform this obsertatibnannot be

resolved with a single trophic step (two biotic levels).
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Figure 5.1. PFAS and tissuespecific concentrations in rabbits through time for all PFAS with
detections. Colors represent specific tissues, dots represent individual rabbit concentrations, solid
lines are generalized additive models (using the {mgcv} packaiged 2017) fit with common

knot number anthin-platesmoother, and dashed line indicates the change from spiked diet

(days prior to 28) to clean diet (days 28 and after). Samples collected on day 28 represent the end
of uptake and beginning of elimination period. Panels are sorted by median overall @ocentr

from highest to lowest in rowvise fashion (top left is highest, bottom right is lowest). Note log
scaled yaxis. Group 1 and female animal 61 are excluded from the PFOS data.
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Figure 5.2. Combined concentrations of PFAS through time fit with generalized additive
models. Only in cases where an individual rabbit had a detection for all three tissues was a
combined estimate generated. Panels are sorted by median overall concentration stidigh
lowest in rowwise fashion (top left is highest, bottom right is lowest). Noteslkoajed yaxis.
Group 1 and female animal 61 are excluded from the PFOS data.
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Figure 5.3. Trophic transfer coefficients of rabbits exposed via diersection (point) of error
bars is median trophic transfer coefficient and diet concentration, extremes of error bars are

97.8"and 2.9 percentiles. Linear model elimination rate variation not

shown for brevity (not

definitive). Horizontal dashed lines at 1.0 and 2.0 indicate areas where uptake and elimination

are equivalent (uptake/elimination =1) and where uptake iddigchigher

tharelimination and

individual bioaccumulation is likelfuptake/elimination >2). Note legcaled yaxis (utility of
transfer coefficient is multiplicative so distance away from 1 on log scale indicates equivalence

(0.3 and 3 are equal multiplicative distances from 1).
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Figure 54. Elimination rate parameters for rabbits exposed via diet. Intersection (point) of error
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and 2.9 percentiles. Linear model elimination rate variation not shown for brevity (not
definitive).
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Discussion

Rabbits were fed a diet of plants (kale and timothy grass) that contained PFAS (via direct
uptake (kale) or spiked (timothy grass)) for 28 days and then control plants for 28 days. Kidney,
liver, and muscle samples were collected throughout the uptaledisnoiation periods and
PFAS quantified. An estimate of whole animal PFAS was calculated. This whole animal PFAS
through time trajectory was fit with a nonlinear model to generate uptake and elimination
parameters. These uptake and elimination parame&reswsed to estimate PFAPecific
trophic transfer coefficients (TTCs) that can be used to screen PFAS potential for trophic
magnification The downstream interpretation of TTCs in this mixture exposure will aid
ecological risk assessors that have neadroéstrial vertebratexposureestimate model transfer
factors in addition to prioritization schemes to efficiently approach PFAS remediation at sites.

In the present studies, increased uptake of the lowaézcular weigh{MW) PFCAs such
asPFBA, PFPeA, PFHxA, and PFHpA were concentrated more highly in plants than were the
higher MW compounds. However, with the exception of PFBA, higher MW PFCAs correlated
with higher concentrations in rabbit tissues. The greatest TTC from citit kidneys and
liver in rabbits was foPFAS with the longest chain lengths; five PFAS compounds FadCa
of >2. In muscle tissu®&FASdetectionavere sparse, araailabke TTCs were <0.17. Previous
studies suggest the potential to tran§#eAS across trophic levels and possibly to biomagnify in
terrestrial food web@onder et al. 2008; Zhao et al. 2016; McCarthy et al. 2GcQumulation
into biota was related to the lengihthe carbonfluorine chain and functional groups. The
PFSAs (e.g., PFOS) exhibited mdmeaccumulation than PFCAs (e.g., PFOA), and PFAS with
chains less than eight perfluorinatatbons were bioaccumulative at levels below some

regulatorytoxicity criteria(Conder et al. 2008)'he results of the present studies agree with
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results from previous studishowing increasedptake of lower MW PFAS compounds in plants
and increasedptake ofhigher MW PFAS compounds in mamméBonder et al. 2008; Zhao et

al. 2016; McCarthy et al. 201 Mlowever, our studies have shown that the magnitude of TTC in
rabbits depended dhe individual PFAS compounds and was not correlated with the magnitude
of BCF in rabbitfood. The implication is that accounting for kinetics may influence the
understanding of potential for trophic transfer.

Compared to field studies of multiple PFAS movement into food webs, the lack of
observed relationship between molecular descriptors and TTCs may be corroirakedhe
smallest and largest PFAS reported tend to have the smallest/lowest TMF, tved cestral
carbonchain length PFAS appear to have relatively stable T(Wrsler et al. 2011; Huang et
al. 2022; Fremlin et al. 2023; Heimstad et al. 20B#portantly,generally these TMFs are
above land suggest that PFAS tend to magnify in higher tojaviels. This observation is
made using both classic definitions of TMF (increase in tissue concentrations with increase in
trophic level) and chemical activity approaches (increase in concentration/solubility with
increase in trophic levéMuller et al. 2011; Huang et al. 2022; Fremlin et al. 2023; Heimstad et
al. 2024) Considering the simplified interpretation of TMF as an average of stepwise transfer
factors (i.e. BSAF/BCF, BAF, BMHBurkhard et al. 2012}the expectation would be that either
most sépwise transfer factors are >1 or some are very high, skewing the distribution >1. As field
studies appear to indicate consistent levels of trophic magnification, our inconsistent
observations of high TTCs (as one stepwise transfer) would indicate trebsioen feature of
animal behavior in the field, not captured in our laboratory studies, is influential. Wildlife
exposure models often account for animal mobility, age, varied diet, seasonality, home range,

etc. in an attempt to capture these feat(Basple et al. 2024)
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Laboratory evaluation of specific movement of PFAS from soil through plants to plant
consumers is only available with terrestrial invertebrates. McDermett(20aR)exposed plants
and crickets to PFAS via a mimicked food web in the laboratory. A uniform mixture of seven
PFAS was made in water, this water was then used to irrigate plants. The plants were then fed to
crickets.Plant uptake (GveekBCF) decreases from 44 to 5 as molecular weight increases in the
carboxylategC4, C6, C7, C8, C®FCA9 andthen is 1 for precursor PFOS&S8
perfluorosulfonamide)and 2 for PFO$C8 PFSA)McDermett et al. 20228ignificantly, plant
to cricket BAFs decrease drastically to less than 1 for all PFAS. Further, the pattern of
relationship betweetmansfer factoand molecular weight reverses with the larger molecules
having higher cricketo plant ratios. PFOS has the highest single plant to cricket BCF at 0.11. A
note from the study design is that when crickets are exposed to PFAS via water alone, BCFs are
higher than for the plardsfor instance, PFOS is 0.5 in cricketwaterratio. Judy et al(2022)
spiked hydropnic media with 7 PFAS (BFSAsand 4PFCAs, C4 to C10C-chain lengthkg
grew tomatoes in that media, and then fed contaminated tomato leaves to tobacco hornworm
caterpillarsn a uptake and elimination period (toxicokinetic) study dedigthe tomato leaves,
they observed a pattern reverse of prior studies in that larger PFAS appeared in higher
concentrations than smaller PFAS with PFOS (representative large PFSA) having the highest
concentrationn the tomato leaves (and subsequently highest B2t€) BCF values would be in
the same range as observedlicDermett et al(2022) but just in reverse ordagainst Cchain
length The authors attribute this to the seis exposure environment. Tomato leaves were
freezedried and compressed to provide a controlled diet to the hornworms. In order to detect all
PFAS above method detection limit, the hornworms exposed for 7 day®arain study group

analyzed. Only PFOS has a BMF (hornworm concentration/leaf concentration) above 0.05, with
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a maximum of approximately 0.1B short, given the lack of direct comparison to terrestrial
invertebrates and rabbits, the takeaway message appears to be that PFAS may be trophic diluters
into plants. Accordingly, field studies with higher trophic level organisms with TMFs >1 are
likely based on (1) PFAS in soil vs water and (2) terrestrial vertebrates vs terrestrial
invertebrates.

An uncertainty in the rabbit exposures, that would be observed in the field, is related to
uncontrolled exposure vigcotrophy¢oprophagy. Rabbits, per animal care protocols, were
allowed to perform this behavior, so it is plausible (albeit not measured) that some PFAS
excreted in feces would be consuni8dkolowski et al. 2024)Given the unanticipated slow
elimination of PFHpS and 8:2 FTS (unanticipated because of the observatitast &t al.
(2025a) , a hypot hesi zed Or e aiggcThis wogldbe anfllogfust®S ¢ o u |
the PFOA andanembrane transporteirs humansand ratswhere the variable affinitgnd
directionalityacross varioumembrane transporteisr PFOA (among other PFA$Xhibit
variation driven by a host of factors across organisms and indivicunalare all influential
processes contributing to the O6high variabild]i
(Lin et al. 2023)In this caseit remains unknown if rabbits couidaintain a steady
state/dynamic equilibrium dose during the elimination phase and maintain a steady PFAS level
in their tissues.

In conclusion, accumulation of PFAS into rabbit tissues via a diet that contains PFAS per
the accumulation of PFAS into plants indicates that some P§u#ch as PFOS, 8:2 FTS, and
PFHpS are have potential to magnify in this trophic step. Other PFAS such as PFOA and PFHxS
appear likely to be trophic diluters or ~1:1 transfer. In rabbits, while there are clusters, uptake

rate and elimination rate appeahtave influence on TTCs. There are not clear patterns of
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uptake, elimination, or TTC on dietary concentration. As PFAS appear to move into plants in a
C-chainlength dependent fashion, it is likely that different mechanisms are predictive of PFAS
accumulation into rabbits. The expectation of PFA&ile as it noves from soil to plant to

terrestrial vertebrate is that it appears to move towards PFOS. This corroboration of laboratory
and field observations (at the least specific to PFOS) lends support to the concept that a stepwise
trophic transfer factor determad as a ratio of kinetics model uptake and elimination rate is

informative to the potential for trophic magnification.
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Chapt@andl:usi ons

At large, this work intends to advance the understanding of PFAS exposure to support
ecological risk assessments of terrestrial organismesmore detailed sense, the estimation of
PFAS mixture exposure to terrestrial vertebratasibitiary sites has been identified as a data gap
and this dissertation aims to fill some portions of ite specific approach is based on
identification of a priorityPFASmixture relevant to AFFimpactedsurface soil on U.S.
military lands (Chapte2), exploration of theelationship betweeRPFASmixtures and tissues in
mammals (Chapte3), evaluation okinetics of dietary PFAS mixture expostinea relevant
amphibian (Chaptet), andevaluation okinetics of dietary PFAS mixture exposure in a
relevant mammal (Chaptsy.

Identification of a representative and prioritized mixture of PFAS in surface soil on DoD
sites isa key component to efficiently addressing the magnitude of potential cleanup actions
(Department of Defense 2024is effort identifies that the bulk of PFAS mass in a sample
(>90%), on average, is from three PFAS. The most common dominant PFAS in these mixtures is
the eight carbon perfluorosulfonic acRPFOS. PFOS is so dominant in samples taken from sites
within DoD installations thattheBmo st common 6 mi xtured i s PFOS c
PFAS that contribute to the top four mixtures (by prevalence) include PFHxS (C6 PFSA), PFOA
(C8 (7 fluorinated carbons) PFCA), PFHXA (C6 PFCA), and PFOSA (C8 perfluorosulfonamide).
Other relevant PFAS st as the fluorotelomer sulfonat@sl S)were observed in top ten
mixtures by prevalence and are considered priority for increased sampértg their high
concentratons The domi nance of oOterminal 6 PFAS such
of AFFF use at these sites when PFOS was an ingredient in AFFF and the potential

transformation of fluorotelomers and fluorosulfonamides in fate and transport processes that
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have occurred over space and time between release and sampling. Of note, this prioritization to
inform ecotoxicologicastudy and ecological risk assessment is largely informative of problem
formulation and conceptual modelsrasasuredeceptor exposuneould largely driveany

specific risk assessment.

While this representative list generates a priority list of PFAS of importance for testing
and risk assessment, there are opportunities to advance the effort. One known challenge in the
effort to focus risk assessment efforts across mixtures is balanxgogure data with effect
data. We discuss in Chapter 2 above some simplified comparisons of toxicological thresholds
across PFAS and the premise that a given PFAS may need téolerKore toxic in order to be
of equivalent risk given the-Yold differene between PFAS concentrations in the mixture. This
approach is highly simplified. A simple improvement would be using a food web model to
connect environmental media to receptor diet concentrations using$tfestic transfer
parameterg¢Larson et al. 2018; Zodrow et al. 202Hpwever, given some of the interest in more
Amechani st i(Eremliraghg. 202Pacshibstantial amount of data would be required
to extend this approach to the swath of taxa that may be of interest on terrestraidsitest
high causal standard®ne approacto explore exposure estimathsat is more quantitative in
nature, would be a sensitivity analysis. Consider the scope ofdaibtaccumulation factors
(BSAFs) that have been estimated across a range of {BtAkhard and Votava 2023and the
scope of soil concentrations we reparChapter 2With a simple multiplicative transfer factor,
the ~6 orders of magnitude of soil concentrations across sites would be multiplied by one of ~5
orders of magnitude of BSAF hkees. Accordingly, concentrations of PFAS with high BSAF
values in worms at low soil concentration sites may easily overlap concentrations of PFAS with

low BSAF values in worms at high soil concentrations, and any number of arrangements in
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between. It would be valuable to refities approach via sensitivity analysis of a simulated food
web and put bounds on the extremes of exposure estiaratdsetter integrate the exposure
observations with toxicity test resulfBhe concern is that variation in risk may be driven more
by variation in exposure than variation in tadmgical effects

To demonstrate the use of the priority PRAéntified in Chapter 2mice were exposed
to individual and mixtures of PFAS that were observed in surface soil saanpdeis surface
water samples (Chapter. 3Jlixtures included the G8 PFSAs and PFCAs (PFOS, PFHXS,
PFOA, and PFHxA) and an FTS mixture with PFOS, 6:2 and 8:2 FTS. Quantification in whole
mice, serum, liver, kidneys, and brain were related to dosec@audntrations inther tissues)
in a dose additive manner. A hierarchical model demonsttzéeghere is a generic relationship
between dose and tissue concentrationsoahdPFAS specific variatiorin tissue affinity -
intercep}. Accordingly, an approachable statistical model can be used to estimate whole animal
and specific tissue compartment concentration
observations of increased liver weight and serum ALT were evaluated udnsg additive
relative potency factor approach that indicates effects are likely dose additive in8heR2&
mixtureatleast. These models were applied to a hypothetical scenario where a reference site and
an impacted site had 46ld difference diet concentrations (i.e. dose). The subsequent tissue
concentrations of individual P FaAtBe lawtsitetaide hi g h
the liver weight increases potentially solicited have zero within their confidence intervals. This
would indicate that the expectation to easily differentiate reference and impacted sites may be
challenging. However, serum ALT increasgshe expected liver weight increases are more
likely to be detectable, which holds promise for nonlethal sampling on remedial investigation

siteswhere mammals are receptors of interest
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While the methods used Chapter 3o demonstrate dose additivity exposure and effects
i mply a generalizable O6averageod ,thisshauidbet hat ap
interpreted with caution. Thetudy was designed to capture a specific suite of PFAS and a
specific length of exposure. Considering the known influence of kinetics and the variation across
PFAS, it is reasonable to consider that PFAS or length of exposure outside the scope of the study
may not follow similar trads. Importantlyliough, we do demonstrate that the tisspecific
affinity (y-intercept) is more variable than the influence of kinetics (among other factors) that
influence the slope. This feature does support the idea that the trend of tissue by dose is
generalizable aoss other PFAS; the actual prediction of tissue concentrations may not be
however. Which suggests that the trend may actually function as a composite parameter for
processes that lead to accumulation of PFAS in tisS€l@aparedo physiologicalbased
phamacokinetic (PBPK) approaches, the general understanding is that absorbans& &t
the stomach or gut into the blood streamedsy high. One analysis of a PFOS PBPK model in
mice, rats, monkeys, and humans utilized literature supported prior estimates > 1 for all stomach
or gut to blood stream transfer factg@&hou and Lin 2019)Their posterior estimates are < 1,
which supports our trend estimates for dbased predictions (0.75 to 0.95). In the grand
exercise of model parsimony, it seems asdfmay have identified (again) that there is a balance
to strike between simplicity and nuance. Our goal was to develop predictive models and explore
additivity, but we have exposed a need to further our understanding of kinetics with some nuance
if we intend to infer more broadly acroB$AS.

Ecological receptors of interest to an ecological risk assessment are likely to be higher
trophic level organisms. Accordingly, estimating their exposure is often through a food web

model. To explore PFAS mixture trophic transfemmonly part of these food web modele
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kinetics of a PFAS mixture ilaboratoryheldtoads vereutilized to provide quantitative

estimates of the potential for trophic magnification. A leameout-crossvalidation exercise
indicated that a nonlinear approach (one compartment, per tissue) had the best predictive
performance and should be selectedhe definitive toxicokinetic model. Probabilistic trophic
transfer coefficients (TTCs) from the toxicokinetic model uptake and elimination parameters
indicate that PFOSR2FUdA and PFDA are potenti@bphic magnifiers and 8:2 FTS and PFHpS
are likely trophic diluters. There did not appear to be congener or dietary concentration trends,
but we note the challenge with identifying such trends when the diet was determined by the

worm-PFAS processes anteaquite variable. Importantly, all PFAS with definitive TTCs have

overl|l apping uptake rate confidence interval

A

and 6l owb relatively. Accordingly, tawyis is
accumulation of PFA&nd subsequent exposure estimates via food web matel®xtension
of this ideain a risk assessment exposure estimate is that a mobile organism may have
approximately equal intake of PFAS on arrival to a site with RRB&AISN diets, but have very
unequal elimination on leaving that site and diet.

This effort to generalize the potential for trophic transfer through interpreting kinetic
parameters could only be improved by longer exposures that do reach steady state, increased

sampling of tissues (i.e. serumacromolecule contenand subsequently building multiple

types of models pointed at this scenario. Fre—— type of simplistic steady state model or a

highly detailed PBPK or chemical activity model. The challenge in selecting between these
approaches as one works across the scale of Rideassessment to a screening assessment to
an actual sitespecific assesment remains untested. Partially because different models are used

at different parts of the scale. Comparing Zodrow gRéR21)and Larson et a(2018)to Kelly
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et al.(2024)and Sun et a[2022)it is clear that one can build both a larger comparison across
PFAS and a specific scenario prediction from methods that require substantially different
amounts of data and have potentially substantially different takeaway messaging. Capturing
animals andneasuring their chemical content in a steady state approach is clearly a challenge,
but quantifying the macromolecule content of broad swath of animals and parameterizing each
PFASG6 affinity f or ikdymegual chalerge evend dne gaind neasiced s
insight and can minimize animal capture in the field. Furihere compare field datéMdiller et

al. 2011; Huang et al. 2022; Fremlin et al. 2023; Ecke et al. 2024; Ecke et al.i2B25)

important to note that many of the resultant TMFs are quite similar when using the chemical
activity approact{Fremlin et al. 2023)pr the——— approach (others). Most of the reported

TMFs (or BMFs) are less than 10 but above 1 and approximately center around 5. Fremlin et al.
(2023)specifically do this comparison in their work, and broadly, using a highly detailed
physicochemically mechanistic approach will not return a meaningfully different prediction than
a direct analytical chemistry measurement prediction. The inference usraiely then that, for
the PFAS that have a potential for trophic magnification, one should move towards the simpler
model. The assumption is that the direct chemical measures capture the affinity/chemical activity
asawholeand wedr e sgtmidrger systenssane oolleations of smaller systems.
The core assumption in my work is that uptake and elimination rates would speak to the middle
ground between a highly nuanced and a highly simplified approach. Importantly, this comparison
of level of detail has not been performed witkiaglelaboratorybasel dataset.

Terrestrial mammalian ecological receptors may not necessarily be predators. Rabbits, for
instance, consume plants and given the different mechanisms for plant accumulation compared

to worms,are likely to experienca very differendietary exposure profile in PFAS mixtures
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than the toads described above. This was confirmed in pilot studies of plant accumulation, albeit
with substantial overlap with some PFAS (e.g. PFB&) are accumulategpproximately
equivalently in worms and plantBhe kinetics of a PFAS mixture in rabbits was also used to
generate uptake and elimination parameters to inform a trophic transfer coefficient (TTC). In
rabbits, the observed trophic magnifiers were PFHpS, 8:2 FTS, and PFOA& is considered
likely to transfer and PFHXS was likely a tropHituter. The mismatch with PFHpS and 8:2 FTS
in rabbits compared to toads is a critical observation. The dietary concentrations of these PFAS
are not relatively high and there is no expected concentration dependence that is explanatory. On
inspection oflhe uptake and elimination rates, there appear to be clusters in both the uptake and
elimination ratesqontrastingo just elimination in toads). While the mechanisms are unclear,
there is concern about the copr withthhighgy of r abb
elimination ratesGiven the persistence of PFAS, this recycling feature is a critical observation.
The implication here for wildlife on the landscape is that they accumulate PFAS at varying rates
on arrival to a PFA$aden diet and eliminate at varying rates on emigratimtably, the
concern with coprophagy would lead to hypotheses of organism dependent movement of PFAS
from a source zone to disparate sitEeKoch et al.(2020)reportingriparian organisms moving
PFAS from aquatic systems to terrestrial systems).

The combination of behavioral, physiological, and ecological characteristics of specific
receptorss challenging to encompass in risk assessrranteworls. There are approaches that
have taken an individuddased approach to probabilistically account for moverf\Witkwire et
al. 2011) There are approaches that have taken an indivithssd approach to probabilistically
account for bioenergeti¢Martin et al. 2013)There are approaches tha¢ statistical in nature

and focused on the spatial-oocurence of stressors and receptddsirtin et al. 2018)There
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are approachdbataim for higher orders of biological organization (systems rather than
populations or individualq)Gredelj et al. 2018)But critically,even in approaches that attempt
to capture cumul ati ve r e fRireataeal.t2@5simpliigatiom f an o
remains influential. For i n-speciianar grictly a fanctiora | Ahe
of the modeled parametgRirotta et al. 2025and subsequently inherently challenging to tie
back to a mechanistic estiteaof riskspecific to a chemical exposurEranslating our
observation®f differences between rabbits and toads to a risk assessment would require both
increasing the subrganismal details to capture the movement of PFAS and increasing the meta
organismal details to capture behaviors, movements, the system that holds treregetal A
model that fully integrates this level of detail and is workable with a variety of scenarios and
scales of risk assessment is likely a model that exists in the future.

In closing, at large, it is expected that this wimflormsthe understanding of PFAS
movement through terrestrial food webs with-tidyived data that can answer specific
hypotheses without the added noise of field datag approachable models and empirical
observationsA major specific success of this work lies in identifying that PFAS of concern for
their detection on sites, high relative affinity and potency, and overall kinetic characteristics are
fewer in number than generally described. For irgaRFOS appears to be a driver of
environmental media concentrations, tissue affinity and toxicity, and potential for trophic
magnification across all the organisms and mixtures explQtkr PFAS that are near in their
individual toxicity, PFOA for instance, do not appear in environmental media in comparable
prevalence nor concentration and do not appear to have similar potential for trophic
magnification given kinetics. In short, brogdécological risk of PFOS is likely greater than

PFOA under the asmptions of this work. A specific area that could improve this work lies in
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increased resolution of the PFAS analyte list and botrosgdinismal and metarganismal
processedncreasing the analyte list would allow for capturing potential unexplored details in
potential transformationdvich et al. 2022and ultrashort transformation products such as TFA
(Arp et al. 2024)Increased resolution of swivpganismal data may inform active transport
processeflin et al. 2023, and increased resolution of ma&teganismal data may better translate
this work to the ecological featurefecological risk assessmelitee the most recent addition

to the decadal histomyf descrbing challenges dhe core of ecotoxicology as a science by

McCarty (2025).

145



Appendi ces

146



Chapter 2: Supplementary Information

Table SI21. Table of acronyms for PFAS in EPA Method 1633.
Perfluoroalkyl carboxylates

PFBA Perfluorobutanoic acid (PFBA, Perfluorobutanoate)

PFPeA Perfluoropentanoic acid (PFPeA, Perfluoropentanoate)

PFHxA Perfluorohexanoic acid (PFHxA, Perfluorohexanoate)

PFHpA Perfluoroheptanoic acid (PFHpA, Perfluoroheptanoate)

PFOA Perfluorooctanoic acid (PFOA, Perfluorooctanoate)

PFNA Perfluorononanoic acid (PFNA, Perfluorononanoate)

PFDA Perfluorodecanoic acid (PFDA, Perfluorodecanoate)

PFUNA Perfluoroundecanoic acid (PFUNA, Perfluoroundecanoate)

PFDoA Perfluorododecanoic acid (PFDoA, Perfluorododecanoate)

PFTrDA Perfluorotridecanoic acid (PFTrDA, Perfluorotridecanoate)

PFTeDA Perfluorotetradecanoic acid (PFTeDA, Perfluorotetradecanoate)

Perfluoroalkyl sulfonates

PFBS Perfluorobutanesulfonic acid (PFBS, Perfluorobutanesulfonate)

PFPeS Perfluoropentanesulfonic acid (PFPeS, Perfluoropentanesulfonate)

PFHxXS Perfluorohexanesulfonic acid (PFHxS, Perfluorohexanesulfonate)

PFHpS Perfluoroheptanesulfonic acid (PFHpS, Perfluoroheptanesulfonate)

PFOS Perfluorooctanesulfonic acid (PFOS, Perfluorooctanesulfonate)

PFNS Perfluorononanesulfonic acid (PFNS, Perfluorononanesulfonate)

PFDS Perfluorodecanesulfonic acid (PFDS, Perfluorodecanesulfonate)

PFDoS Perfluorododecanesulfonic acid (PFDoS, Perfluorododecanesulfonate)
Fluorotelomer sulfonates

4:2 FTS 1H, 1H, 2H, 2Hperfluorohexane sulfonic acid (4:2 FTS, 1H, 1H, 2H;@fluorohexane sulfonate)
6:2 FTS 1H, 1H, 2H, 2Hperfluorooctane sulfonic acid (6:2 FTS, 1H, 1H, 2H@¢tfluorooctane sulfonate)
8:2 FTS 1H, 1H, 2H, 2Hperfluorodecane sulfonic acid (8:2 FTS, 1H, 1H, 2H;@Hfluorodecane sulfonate)
Fluorotelomer carboxylates

3:3FTCA 2H, 2H, 3H, 3Hperfluorohexanoic acid (3:3 FTCA, 2H, 2H, 3H, -pidrfluorohexanoate)
5:3 FTCA 2H, 2H, 3H, 3Hperfluorooctanoic acid (5:3 FTCA, 2H, 2H, 3H, Jidrfluorooctanoate)
7:3FTCA 2H, 2H, 3H, 3Hperfluorodecanoic acid (7:3 FTCA, 2H, 2H, 3H,-pdrfluorodecanoate)
Perfluorooctane sulfonamides

PFOSA Perfluorooctanesulfonamide (PFOSA or FOSA)

NMeFOSA N-Methylperfluorooctanesulfonamide (NMeFOSA)

NEtFOSA N-Ethylperfluorooctanesulfonamide (NEtFOSA)

Perfluorooctane sulfonamidoacetic acids

NMeFOSAA N-Methylperfluore 1-octanesulfonamidoacetic acid (NMeFOSAAMethylperfluoral-octanesulfonamidoacetate)
NEtFOSAA N-Ethylperfluorel-octanesulfonamidoacetic acid (NEtFOSAARthylperfluorel-octanesulfonamidoacetate)
Perfluorooctane sulfonamidoethanols

NMeFOSE N-Methylperfluore1-octanesulfonamidoethanol (NMeFOSE)

NEtFOSE N-Ethylperfluore1-octanesulfonamidoethanol (NEtFOSE)

Ether carboxylates

2,3,3,3Tetrafluore2-(1,1,2,2,3,3,sheptafluoropropoxy)propionic acid (HFPDA, 2,3,3,3

HFPODA Tetrafluore2-(1,1,2,2,3,3,2heptafluoropropoxy)propionoate)

ADONA Decafluore3H-4,8-dioxanonoate (ADONA, DONA, Decafluoi®H-4,8-dioxanonoic acid)
NFDHA Perfluore3,6-dioxaheptanoate (NFDHA, Perflue)6-dioxaheptanoic acid)

PFMPA Perfluore3-methoxypropanoate (PFMPA, PerflueBemethoxypropanoic acid)

PFMBA Perfluora4-methoxybutanoate (PFMBA, Perflue#smethoxybutanoic acid)

Ether sulfonates
9CI-PF30ONS 9-chlorohexadecafluor8-oxanonanel-sulfonic acid (9GIPF30ONS, chlorohexadecafluor8-oxanonanel-sulfonate)
11CFPF30UdS 1i-chloroeicosafluored-oxaundecand-sulfonic acid (11GPF30UdS, 1ihloroeicosafluoreéd-oxaundecand-sulfonate)

PFEESA Perfluoro(2ethoxyethane)sulfonic acid (PFEESA, Perfluore{Boxyethane)sulfonate)
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Figure S12.1 The influence of time on number of samples and detection types in order of total
magnitude by PFAS.
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Figure SI2 4. Site-specific 95th percentile concentrations in surface soil (ppb)
in common mixtures and confidence in sampling.
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seven = quantile(VALUE, probs

)

mean = mean(VALUE),
boxplot(mean~LABEL, data=datasummary)

group_by(INSTALLATION, SITE, LABEL) %>%

summarize(

Example R Code with {tidyverse} to produce a figure of the distribution of mean concentrations
filter ( MATRI X

Figure SI25. Similar design boxplot as Figure S3, but of sipecific median concentrations. In
by chemical for each site within installations:

order of median 9%percentile as Figure S3.

datasummary <data %>%



Table SI21. Summary data across samplhgth detectionsighlighting reporting limit (RL) and
minimum detection limit (MDL) and their variability for surface soil samples by PFAS with
median and maximum observations as well. Notice consistency acros8 RiiAgdian RL

are within one order of magnitude (maxtrr~5-fold) and all median MDL max/min<B o | -d . n
A i ndicates PFAS that did not have any
produce summary statistics; see Table S2 for summary statistids amiRVMDL for these
PFAS.
all uni
(ppb) Measured RL MDL
Median Maximum Median 25th 75th Median 25th 75th
PFOS 18.694 47800 1 067 358 025 02 1.2
82FTS 4.6 49500 2.9 1.06 3.9 0.6 0.3 1
6:2FTS 3.5 19000 2 1 2.5 0.59 0.25 0.793
PFHxS 3.4 36000 092 064 13 023 0.2 043
PFOSA 23 20000 084 063 1.1 0.21 0.17 0.29
PFDS 1.4 2150 078 0.63 1.1 022 0.2 0.31
PFOA 1.36 50000 0.88 063 1.2 0.22 0.19 0.29
PFHxA 1.21 21000 091 064 1.2 0.21 0.17 0.25
PFNS 1.2 5750 066 061 1 022 0.2 0.25
PFBA 1.1 21000 1 0.67 15 023 0.2 05
PFBS 1.1 12000 1.4 092 22 0.28 0.16 0.47
PFPesS 1.1 8400 3.1 1.1 34 021 0.2 0.25
PFHpS 0.945 8500 066 061 099 021 0.2 0.24
PFNA 0.94 1300 083 0.63 1.1 0.21 0.15 0.25
N-MeFOSA 0.855 4.6 1.4 1 385 0355 0.25 0.97
PFUnRA 0.8315 710 089 064 1.2 0.22 019 03
PFDA 0.79 968 087 063 1.1 0.22 0.19 0.29
PFHpA 0.78 2500 086 0.63 1.1 0.21 0.17 0.25
4:2FTS 0.775 170 196 099 2.1 0493 0.24 0.62
N-EtFOSAA  0.66 10 2 1.88 2.2 021 0.2 0.24
PFDoA 0.66 277 0.88 0.63 1.18 0.22 0.19 0.26
PFTrDA 0.61 330 076 062 1.1 0.21 0.19 0.26
N-MeFOSAA 0.59 72 2 097 22 021 01 0.24
PFTeDA 0.373 38 0955 064 194 021 01 0.25
11CFPF30UdS - - - - - - - -
9CI-PF30ONS - - - - - - - -
ADONA - - - - - - - -
HFPODA - - - - - - - -
N-MeFOSE - - - - - - - -
NEtFOSA - - - - - - - -
NEtFOSE - - - - - - - -
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Table SI22. Summary data across all samples (with-detects set to 0 and all trace detects
considered quantitative) highlighting reporting limit (RL) and minimum detection limit (MDL)
and their variability for surface soil samples by PFAS with median and maximwervatsns

as well. Notice consistency across PBA&I median RL and MDL are within one order of
magnitude (max/min=<%old).

al | uni
(ppb) Measured RL MDL
Median Maximum Median 25th 75th Median 25th 75th
PFOS 14 47800 1 0.68 298 0.276 0.2 1.2

PFHxS 1.2 36000 095 065 185 0.273 0.21 0.59
PFOA 0.555 50000 094 065 14 0.25 0.2 0.59
PFHxA  0.39 21000 09 065 13 0.24 0.2 0.55

PFBA 0.2 21000 1 0.8 2 045 0.21 0.66
PFNA  0.053 1300 093 064 13 0.29 0.2 0.61
11CFPF30UdS 0 0 2.2 1.825 235 0.78 054 7.05
4:2 FTS 0 170 2 1.3 22 087 059 17

6:2 FTS 0 19000 2 1 2.3 066 052 1.8
8:2FTS 0 49500 2.8 1.07 34 068 054 1.8
9CI-PF3ONS 0 0 2.2 1.825 235 0.78 054 7.05
ADONA 0 0 2.2 1.825 235 0.78 054 7.05
HFPODA 0 0 201 194 435 00988 0.64 22
N-EtFOSAA 0 10 2.1 1.88 25 049 0255 11
N-MeFOSA 0 4.6 2 1.8 6 1 0.72 2.45
N-MeFOSAA 0 72 2.1 1.87 25 0.5 025 11
N-MeFOSE 0 0 2 1.7 175 0.8 0.445 7.05
NEtFOSA 0 0 2 1.7 175 088 0.62 7.05
NEtFOSE 0 0 2 1.7 175 088 0.62 7.05
PFBS 0 12000 1.79 097 22 0.55 04 11
PFDA 0 968 097 065 13 039 0.21 0.61
PFDS 0 2150 0.9 064 11 041 0.21 0.59
PFDoA 0 277 098 065 188 045 0.22 0.72
PFHpA 0 2500 094 064 13 035 02 06
PFHpS 0 8500 0.7 062 11 038 0.21 0.%
PFNS 0 5750 0.7 062 11 0.4 0.21 0.54
PFOSA 0 20000 0.9 064 11 0.39 0.2 0.55
PFPeS O 8400 3 1.1 33 0.4 0.21 0.55
PFTeDA 0 38 098 065 1.9 045 0.22 0.8
PFTrDA 0 330 09 065 13 0.44 0.23 0.78
PFUNA 0 710 096 065 13 042 0.22 0.65
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Evidence of additivity in riskelevant PFAS exposure and effects in mice
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Table SI3.1. PFAS, mixture ratio;pominaldoses (mg/kgl), andnominalZ PF A'S d o s-@) $or G68and KT§ mixtures.
Mixtures were relative to PFOS as the dominant in the surface water and surface soil mixture profiles.

C6-8 Mixture (surface water) FTS Mixture (surface soil)
Sum Sum
PFOS PFHxS PFHxA PFOA (mg/kgd) PFOS 6:2 FTS 8:2 FTS (mg/kgd)
Ratio 1 0.62 0.25 0.17 1 0.1 0.05
High 2.5 1.6 0.6 0.425 5.10 2.5 0.3 0.125 2.875
Medium 1.3 0.8 0.3 0.213 2.55 1.3 0.1 0.063 1.438
Low 0.6 0.4 0.2 0.106 1.275 0.6 0.1 0.031 0.719
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Table SI3.2. PFAS purchased and used for dosing solutions. Note that CAS numbers represent specific products/salts/forms obtained

and they will not necessarily match CAS numbers in suppl emen

standards.

PFAS Acronym CAS Source  SKU Lot Purity Form

potassium perfluorooctanesulfona PFOS 2795393 I\S/l;te“ri(tific 9151 S26V UR K+ salt

trldecafluorohexan&-suIfonlc acid PEHXS 3871996 Slgma 5092910G BCCF6962 d10 0 K+ salt

potassium salt Aldrich F

undecafluorohexanoic acid PFHxXA  307-24-4 ;?nlerica vooer JFBDK-QP >98.0% liquid anion

perfluorooctanoic acid PFOA 33567-1 Slgma 1714685G  WXBD6815V 0100 poyvder
Aldrich anion

heptadecafluorononanoic acid PFNA 375951 TCl : HO843 J3YPDSP >95.0% poyvder
America anion

potassium nonafluor- PEBS 20426493 Slgma 29420910G STBK2764 d10 0 K+ salt

butanesulfonate Aldrich

LH,1H,2H,2H o 6:2FTS 27619972 SOC  noSKU - B22S02251) 4 4 ¢ solid anion

perfluoooctanesulfonic acid Sciences

3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,1 Boc  NoSKU - B22S02252 owder

heptadecafluorodecansesulfonic 8:2 FTS 3910834-4 Sei 0100 PO

ciences anion

acid

UR: unreported

157



Table SI3.3. Table of detection limits by study, treatment, sample type, sex, and PFAS. Values are mean, (standard deviation), and
[sample size]. Significant figures are reported as provided.

NA indicates insufficient sample size to estimate startaard devia

Study Treatment Sample Type| Sex | Units 11CFPF30UdS 3:3FTCA 4:2 FTS 5:3 FTCA 6:2 FTS 7:3 FTCA 8:2 FTS
Wholebody | PFOS water NA [ ng/L 851000, (NA), [1] 850000, (NA), [1] 850000, (NA), [1] 5310000, (NA), [1] 766000, (NA), [1] 5310000, (NA), [1] 723000, (NA), [1]
Wholebody PFOS wholebody F ngl/g 1.96, (0.03), [20] 1.95, (0.03), [20] 1.95, (0.03), [20] 12.21, (0.16), [20] 1.76, (0.02), [20] 12.21, (0.16), [20] 1.66, (0.02), [20]
Wholebody PFOS wholebody M ngl/g 1.96, (0.03), [20] 1.96, (0.03), [20] 1.96, (0.03), [20] 12.26, (0.17), [20] 1.77, (0.03), [20] 12.26, (0.17), [20] 1.67, (0.03), [20]
Wholebody PFOA water NA ng/L 806000, (NA), [1] 805000, (NA), [1] 805000, (NA), [1] 5030000, (NA), [1] 725000, (NA), [1] 5030000, (NA), [1] 684000, (NA), [1]
Wholebody | PFOA wholebody F nglg 0.38, (0.01), [10] 0.38, (0.01), [10] 0.38, (0.01), [10] 2.37,(0.08), [10] 0.34, (0.01), [10] 2.37,(0.08), [10] 0.32, (0.01), [10]
Wholebody | PFOA wholebody M nglg 0.38, (0.01), [9] 0.38, (0.01), [9] 0.38, (0.01), [9] 2.35, (0.06), [9] 0.34, (0.01), [9] 2.35, (0.06), [9] 0.32, (0.01), [9]
Wholebody | PFHxS water NA [ ng/L 715000, (NA), [1] 714000, (NA), [1] 714000, (NA), [1] 4460000, (NA), [1] 643000, (NA), [1] 4460000, (NA), [1] 607000, (NA), [1]
Wholebody PFHXS wholebody F ngl/g 30.62, (1.04), [10] 30.23, (1.75), [3] 29.73, (0.98), [4] 190.71, (7.7), [7] 63.63, (55.37), [7] 309.86, (212.18), [7] 30, (7.54), [10]
Wholebody PFHXS wholebody M ngl/g 30.56, (1.35), [10] 31.66, (0.92), [5] 31.7, (NA), [1] 244, (84.99), [9] 86.97, (49.35), [6] 273.56, (134.76), [9] 25.97, (1.14), [10]
Wholebody PFHXA water NA ng/L 861000, (NA), [1] 860000, (NA), [1] 860000, (NA), [1] 5380000, (NA), [1] 775000, (NA), [1] 5380000, (NA), [1] 731000, (NA), [1]
Wholebody | PFHxA wholebody F nglg 0.73, (0.02), [10] 0.73,(0.02), [10] 0.74, (0.05), [10] 4.58, (0.16), [10] 0.66, (0.02), [10] 4.58, (0.16), [10] 0.62, (0.02), [10]
Wholebody | PFHxA wholebody M nglg 0.74, (0.03), [10] 0.74, (0.03), [10] 0.74, (0.03), [10] 4.61,(0.2), [10] 0.66, (0.03), [10] 4.61, (0.2), [10] 0.63, (0.03), [10]
Wholebody | PFNA water NA [ ng/L 840000, (NA), [1] 839000, (NA), [1] 839000, (NA), [1] 5240000, (NA), [1] 756000, (NA), [1] 5240000, (NA), [1] 713000, (NA), [1]
Wholebody PFENA wholebody F ngl/g 30.18, (1.48), [10] 30.16, (1.51), [10] 30.16, (1.51), [10] 188.3, (9.37), [10] 27.13, (1.35), [10] 188.3, (9.37), [10] 25.64, (1.26), [10]
Wholebody PFENA wholebody M ngl/g 30.1, (1.55), [10] 30.08, (1.57), [10] 30.08, (1.57), [10] 187.8, (9.72), [10] 27.05, (1.43), [10] 187.8, (9.72), [10] 25.56, (1.34), [10]
Wholebody PFBS water NA ng/L 734000, (NA), [1] 733000, (NA), [1] 733000, (NA), [1] 4580000, (NA), [1] 660000, (NA), [1] 4580000, (NA), [1] 623000, (NA), [1]
Wholebody | PFBS wholebody F ng/g 7.61, (0.31), [10] 7.6, (0.31), [10] 7.6, (0.31), [10] 47.46, (1.96), [10] 6.84, (0.28), [10] 47.46, (1.96), [10] 6.46, (0.26), [10]
Wholebody | PFBS wholebody M ng/g 7.5, (0.28), [10] 7.49, (0.28), [10] 7.49, (0.28), [10] 46.83, (1.79), [10] 7.02, (0.66), [10] 46.83, (1.79), [10] 6.37, (0.24), [10]
Wholebody | 6:2 FTS water NA | ng/L 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 1330000, (NA), [1] 192000, (NA), [1] 1330000, (NA), [1] 181000, (NA), [1]
Wholebody 6:2 FTS wholebody F ngl/g 0.38, (0.01), [10] 0.38, (0.01), [10] 0.38, (0.01), [10] 2.4, (0.07), [10] 10.91, (16.09), [17] 2.4, (0.07), [10] 9.24, (14.18), [20]
Wholebody 6:2 FTS wholebody M ngl/g 0.38, (0.01), [10] 0.38, (0.01), [10] 0.38, (0.01), [10] 2.35, (0.08), [10] 47.52, (50.54), [20] 2.35, (0.08), [10] 44.86, (47.71), [20]
Wholebody 8:2 FTS water NA ng/L 207000, (NA), [1] 207000, (NA), [1] 207000, (NA), [1] 1290000, (NA), [1] 186000, (NA), [1] 1290000, (NA), [1] 879000, (NA), [1]
Wholebody | 8:2 FTS wholebody F ng/g 0.39, (0.01), [9] 0.39, (0.01), [9] 0.39, (0.01), [9] 2.41, (0.08), [9] 0.35, (0.01), [9] 2.41, (0.08), [9] 82.11, (84.23), [18]
Wholebody | 8:2 FTS wholebody M ng/g 0.39, (0.01), [11] 0.39, (0.01), [11] 0.39, (0.01), [11] 2.42,(0.04), [11] 0.35, (0.01), [11] 2.42,(0.04), [11] 82.48, (84.11), [22]
Wholebody | C68LOW water NA | ng/L 77000, (NA), [1] 76900, (NA), [1] 76900, (NA), [1] 481000, (NA), [1] 69300, (NA), [1] 481000, (NA), [1] 65400, (NA), [1]
Wholebody C68LOW wholebody F ngl/g 7.64, (0.27), [10] 8.34, (1.5), [10] 7.62, (0.28), [9] 47.67, (1.67), [10] 10.74, (8.65), [10] 51.43, (11.47), [10] 6.48, (0.23), [10]
Wholebody C68LOW wholebody M ngl/g 7.64, (0.29), [10] 7.87,(0.77), [10] 7.63, (0.29), [10] 47.7, (1.82), [10] 9.88, (4.41), [10] 52.8, (11.72), [10] 6.49, (0.24), [10]
Wholebody C68MED water NA ng/L 438000, (NA), [1] 437000, (NA), [1] 437000, (NA), [1] 2730000, (NA), [1] 394000, (NA), [1] 2730000, (NA), [1] 372000, (NA), [1]
Wholebody | C68MED wholebody F ng/g 7.82, (0.22), [10] 7.81, (0.22), [10] 7.81, (0.22), [10] 48.86, (1.36), [10] 7.03, (0.19), [10] 48.86, (1.36), [10] 6.64, (0.18), [10]
Wholebody | C68MED wholebody M ng/g 7.82, (0.15), [9] 7.81, (0.15), [9] 7.81, (0.15), [9] 48.83, (0.94), [9] 7.03, (0.13), [9] 48.83, (0.94), [9] 6.64, (0.13), [9]
Wholebody | C68HIGH water NA | ng/L 443000, (NA), [1] 442000, (NA), [1] 442000, (NA), [1] 2770000, (NA), [1] 399000, (NA), [1] 2770000, (NA), [1] 376000, (NA), [1]
Wholebody C68HIGH wholebody F ngl/g 26.89, (1.62), [10] 26.89, (1.62), [10] 26.89, (1.62), [10] 167.7, (10.22), [10] 24.22, (1.48), [10] 167.7, (10.22), [10] 22.86, (1.37), [10]
Wholebody C68HIGH wholebody M ngl/g 28.34, (2.26), [10] 28.31, (2.25), [10] 28.31, (2.25), [10] 176.9, (14.04), [10] 29.81, (14.83), [10] 176.9, (14.04), [10] 24.07, (1.9), [10]
Wholebody FTSLOW water NA ng/L 68500, (NA), [1] 68400, (NA), [1] 68400, (NA), [1] 427000, (NA), [1] 61600, (NA), [1] 427000, (NA), [1] 58100, (NA), [1]
Wholebody FTSLOW wholebody F ngl/g 15.33, (0.68), [10] 15.3, (0.67), [10] 15.3, (0.67), [10] 95.68, (4.18), [10] 13.77, (0.61), [10] 95.68, (4.18), [10] 13.02, (0.57), [10]
Wholebody FTSLOW wholebody M ngl/g 15.07, (0.65), [10] 15.05, (0.64), [10] 15.05, (0.64), [10] 94.05, (4.01), [10] 13.66, (0.7), [10] 94.05, (4.01), [10] 12.79, (0.56), [10]
Wholebody | FTSMED water NA [ ng/L 214000, (NA), [1] 214000, (NA), [1] 214000, (NA), [1] 1340000, (NA), [1] 193000, (NA), [1] 1340000, (NA), [1] 182000, (NA), [1]
Wholebody FTSMED wholebody F ngl/g 7.54, (0.36), [10] 7.53, (0.36), [10] 7.53, (0.36), [10] 47.08, (2.26), [10] 6.78, (0.32), [10] 47.08, (2.26), [10] 6.4, (0.31), [10]
Wholebody FTSMED wholebody M ngl/g 7.59, (0.3), [10] 7.58, (0.3), [10] 7.58, (0.3), [10] 47.37, (1.89), [10] 6.82, (0.27), [10] 47.37, (1.89), [10] 7.6, (3.8), [10]
Wholebody FTSHIGH water NA ng/L 433000, (NA), [1] 432000, (NA), [1] 432000, (NA), [1] 2700000, (NA), [1] 389000, (NA), [1] 2700000, (NA), [1] 367000, (NA), [1]
Wholebody | FTSHIGH wholebody F ng/g 26.59, (1.71), [10] 26.56, (1.72), [10] 26.56, (1.72), [10] 166, (10.65), [10] 25.2, (3.74), [10] 166, (10.65), [10] 22.58, (1.44), [10]
Wholebody | FTSHIGH wholebody M ng/g 27.02, (1.78), [10] 26.99, (1.79), [10] 26.99, (1.79), [10] 168.6, (11.15), [10] 24.27, (1.6), [10] 168.6, (11.15), [10] 22.93, (1.51), [10]
Wholebody | Control water NA [ ng/L 44500, (NA), [1] 44400, (NA), [1] 44400, (NA), [1] 278000, (NA), [1] 40100, (NA), [1] 278000, (NA), [1] 37800, (NA), [1]
Wholebody Control wholebody F ngl/g 0.39, (0.01), [10] 0.38, (0.01), [10] 0.38, (0.01), [10] 2.44,(0.17), [10] 0.43, (0.13), [10] 2.4, (0.06), [10] 0.33, (0.01), [10]
Wholebody Control wholebody M ngl/g 0.39, (0.01), [10] 0.4, (0.02), [10] 0.39, (0.01), [10] 2.59, (0.33), [10] 0.89, (0.53), [10] 2.54, (0.14), [10] 0.33, (0), [10]
Serum PFOS serum F ng/mL | 72.81, (4.11), [10] 72.71, (4.11), [10] 72.71, (4.11), [10] 454.5, (25.81), [10] 65.53, (3.7), [10] 454.5, (25.81), [10] 61.8, (3.5), [10]
Serum PFOS serum M ng/mL | 66.66, (7.97), [9] 66.56, (7.97), [9] 66.56, (7.97), [9] 416.22, (49.96), [9] 60, (7.16), [9] 416.22, (49.96), [9] 56.58, (6.77), [9]
Serum PFOS water NA ng/L 383000, (NA), [1] 382000, (NA), [1] 382000, (NA), [1] 2390000, (NA), [1] 344000, (NA), [1] 2390000, (NA), [1] 325000, (NA), [1]
Serum PFOA serum F ng/mL | 3.93, (0.16), [10] 3.93, (0.16), [10] 3.93, (0.16), [10] 24.57, (0.97), [10] 3.54, (0.14), [10] 24.57, (0.97), [10] 3.34, (0.13), [10]
Serum PFOA serum M ng/mL | 3.93, (0.14), [10] 3.93, (0.14), [10] 3.93, (0.14), [10] 24.54, (0.88), [10] 3.54, (0.13), [10] 24.54, (0.88), [10] 3.34, (0.12), [10]
Serum PFOA water NA ng/L 798000, (NA), [1] 797000, (NA), [1] 797000, (NA), [1] 4980000, (NA), [1] 718000, (NA), [1] 4980000, (NA), [1] 677000, (NA), [1]
Serum PFHXS serum F ng/mL | 4.46, (1.17), [10] 4.46, (1.17), [10] 4.46, (1.17), [10] 27.87, (7.31), [10] 4.02, (1.05), [10] 27.87, (7.31), [10] 3.79, (1), [10]
Serum PFHxS serum M ng/mL | 4.35, (0.84), [10] 4.35, (0.83), [10] 4.35, (0.83), [10] 27.19, (5.22), [10] 3.92, (0.75), [10] 27.19, (5.22), [10] 3.7, (0.71), [10]
Serum PFHxS water NA [ ng/L 844000, (NA), [1] 843000, (NA), [1] 843000, (NA), [1] 5270000, (NA), [1] 760000, (NA), [1] 5270000, (NA), [1] 717000, (NA), [1]
Serum PFHXA serum F ng/mL | 4.12,(0.42), [9] 4.12, (0.42), [9] 4.12, (0.42), [9] 25.71, (2.63), [9] 3.71, (0.38), [9] 25.71, (2.63), [9] 3.5, (0.36), [9]
Serum PFHXA serum M ng/mL | 4.26, (0.57), [10] 4.26, (0.57), [10] 4.26, (0.57), [10] 26.61, (3.57), [10] 3.84, (0.52), [10] 26.61, (3.57), [10] 3.62, (0.49), [10]
Serum PFHXA water NA ng/L 816000, (NA), [1] 815000, (NA), [1] 815000, (NA), [1] 5090000, (NA), [1] 734000, (NA), [1] 5090000, (NA), [1] 692000, (NA), [1]
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Serum PENA serum F ng/mL_| 594.9, (19.15), [10] 594.4, (19.41), [10] 594.4, (19.41), [10] 3715, (119.37), [10] 535.4, (17.6), [10] 3715, (119.37), [10] 504.8, (16.25), [10]
Serum PENA serum M ng/mL_| 575.9, (26.2), [10] 575.5, (26.25), [10] 575.5, (26.25), [10] 3596, (163.92), [10] 518.3, (23.64), [10] 3596, (163.92), [10] 488.9, (22.06), [10]
Serum PENA water NA | ng/lL__| 738000, (NA), [1] 737000, (NA), [1] 737000, (NA), [1] 4600000, (NA), [1] 664000, (NA), [1] 4600000, (NA), [1] 626000, (NA), [1]
Serum PFBS serum F ng/mL_|_4.87, (1.56), [10] 4.87, (1.56), [10] 4.87, (1.56), [10] 30.42, (9.73), [10] 4.39, (1.4), [10] 30.42, (9.73), [10] 4.14, (1.33), [10]
Serum PFBS serum M ng/mL_|_4.74, (2.07), [10] 4.74, (2.07), [10] 4.74, (2.07), [10] 29.63, (12.94), [10] 4.27, (1.86), [10] 29.63, (12.94), [10] 4.03, (1.76), [10]
Serum PFBS water NA | ng/lL | 806000, (NA), [1] 805000, (NA), [1] 805000, (NA), [1] 5030000, (NA), [1] 725000, (NA), [1] 5030000, (NA), [1] 684000, (NA), [1]
Serum 6:2 FTS serum F ng/mL_| 3.4, (0.87), [10] 3.4, (0.87), [10] 3.4, (0.87), [10] 21.25, (5.41), [10] 11.03, (14.36), [14] 21.25, (5.41), [10] 2.89, (0.74), [10]
Serum 6:2FTS serum M ng/mL_|_3.45, (0.93), [10] 3.44, (0.93), [10] 3.44, (0.93), [10] 21.52, (5.78), [10] 49.51, (83.33), [20] 21.52, (5.78), [10] 2.92, (0.79), [10]
Serum 6:2FTS water NA | ng/L 188000, (NA), [1] 188000, (NA), [1] 188000, (NA), [1] 1170000, (NA), [1] 1690000, (NA), [1] 1170000, (NA), [1] 160000, (NA), [1]
Serum 8:2FTS serum F ng/mL | 3.45, (0.97), [10] 3.45, (0.97), [10] 3.45, (0.97), [10] 21.56, (6.07), [10] 3.11, (0.88), [10 21.56, (6.07), [10] 85.44, (118.29), [20]
Serum 8:2FTS serum M ng/mL_|_2.98, (0.64), [10] 2.98, (0.64), [10] 2.98, (0.64), [10] 18.61, (4.03), [10] 2.68, (0.58), [10 18.61, (4.03), [10] 32.15, (59.77), [20]
Serum 8:2 FTS water NA | ng/lL__| 202000, (NA), [1] 202000, (NA), [1] 202000, (NA), [1] 1260000, (NA), [1] 182000, (NA), [1] 1260000, (NA), [1] 172000, (NA), [1]
Serum C68LOW serum F ng/mL | 38.26, (1.83), [10] 38.17, (1.85), [10] 38.17, (1.85), [10] 238.8, (11.54), [10] 34.45, (1.64), [10] 238.8, (11.54), [10] 32.49, (1.56), [10]
Serum C68LOW serum M ng/mL_| 39.34, (1.78), [10] 39.28, (1.83), [10] 39.28, (1.83), [10] 245.6, (11.12), [10] 35.41, (1.61), [10] 245.6, (11.12), [10] 33.4, (1.51), [10]
Serum C68LOW water NA | ng/L__| 80900, (NA), [1] 80800, (NA), [1] 80800, (NA), [1] 505000, (NA), [1] 72800, (NA), [1] 505000, (NA), [1] 68700, (NA), [1]
Serum C68MED serum F ng/mL | 191.7, (8.84), [10] 191.7, (8.84), [10] 191.7, (8.84), [10] 1197, (56.18), [10] 173.1, (7.88), [10] 1197, (56.18), [10] 162.9, (7.55), [10]
Serum C68MED serum M ng/mL | 191.4, (4.65), [10] 191.4, (4.65), [10] 191.4, (4.65), [10] 1196, (30.98), [10] 172.8, (4.13), [10] 1196, (30.98), [10] 162.8, (4.13), [10]
Serum C68MED water NA | ng/L 196000, (NA), [1] 196000, (NA), [1] 196000, (NA), [1] 1220000, (NA), [1] 176000, (NA), [1] 1220000, (NA), [1] 166000, (NA), [1]
Serum C68HIGH serum F ng/mL_| 594.7, (14.01), [10] 594, (14.49), [10] 594, (14.49), [10] 3714, (86.95), [10] 535.1, (13.04), [10] 3714, (86.95), [10] 504.5, (12.08), [10]
Serum C68HIGH serum M ng/mL_| 590.11, (27.37), [9] 589.44, (27.2), [9] 589.44, (27.2), [9] 3684.44, (169.27), [9] 530.89, (24.7), [9] 3684.44, (169.27), [9] 500.78, (23.11), [9]
Serum C68HIGH water NA | ng/lL__| 422000, (NA), [1] 421000, (NA), [1] 421000, (NA), [1] 2630000, (NA), [1] 379000, (NA), [1] 2630000, (NA), [1] 358000, (NA), [1]
Serum FTSLOW serum F ng/mL_| 38.05, (1.5), [10] 37.96, (1.53), [10] 37.96, (1.53), [10] 237.6, (9.31), [10] 34.26, (1.35), [10] 237.6, (9.31), [10] 32.32, (1.27), [10]
Serum FTSLOW serum M ng/mL_| 37.87, (1.47), [10] 37.78, (1.5), [10] 37.78, (1.5), [10] 236.5, (9.12), [10] 34.1, (1.32), [10] 236.5, (9.12), [10] 32.17, (1.24), [10]
Serum FTSLOW water NA | ng/L_| 78500, (NA), [1] 78400, (NA), [1] 78400, (NA), [1] 490000, (NA), [1] 70700, (NA), [1] 490000, (NA), [1] 66700, (NA), [1]
Serum FTSMED serum F ng/mL | 178.3, (6.96), [10] 178.3, (6.96), [10] 178.3, (6.96), [10] 1112, (43.67), [10] 161.1, (6.37), [10] 1112, (43.67), [10] 151.3, (6.02), [10]
Serum FTSMED serum M ng/mL | 183.9, (7.7), [10] 183.9, (7.71), [10] 183.9, (7.71), [10] 1148, (48.72), [10] 166.1, (6.95), [10] 1148, (48.72), [10] 156.2, (6.76), [10]
Serum FTSMED water NA | ng/lL__| 235000, (NA), [1] 235000, (NA), [1] 235000, (NA), [1] 1470000, (NA), [1] 211000, (NA), [1] 1470000, (NA), [1] 199000, (NA), [1]
Serum FTSHIGH serum F ng/mL_| 601.3, (28.22), [10] 601, (28.16), [10] 601, (28.16), [10) 3754, (175.07), [10] 346.53, (268.6), [10] | 3754, (175.07), [10] 510.4, (23.82), [10]
Serum FTSHIGH serum M ng/mL_| 596, (32.55), [10] 595.5, (32.69), [10] 595.5, (32.69), [10] 3721, (202.23), [10] 536.5, (29.35), [10] 3721, (202.23), [10] 269.22, (249.48), [10]
Serum FTSHIGH water NA | ng/lL_| 4e+05 (NA), [1] 4e+05, (NA), [1] 4e+05, (NA), [1] 2500000, (NA), [1] 360000, (NA), [1] 2500000, (NA), [1] 340000, (NA), [1]
Serum Control serum F ng/mL | 5.87, (2.73), [10] 5.86, (2.73), [10] 5.86, (2.73), [10] 36.64, (17), [10] 5.28, (2.45), [10] 36.64, (17), [10] 4.98, (2.31), [10]
Serum Control serum M ng/mL_| 4.2, (1.24). [10] 4.19, (1.23), [10] 4.19, (1.23) [10] 26.2, (7.71), [10] 3.78, (1.11), [10] 26.2, (7.71), [10] 3.56, (1.05), [10]
Serum Control water NA | ng/lL__| 42800, (NA), [1] 42800, (NA), [1] 42800, (NA), [1] 267000, (NA), [1] 38600, (NA), [1] 267000, (NA), [1] 36400, (NA), [1]
Serum PFOS Brain F nglg 3457.14, (567.27), [7] | 3454.29, (564.38), [7] | 3454.29, (564.38), [7] | 21585.71, (3526.3), [7] | 3107.14, (508.26), [7] | 21585.71, (3526.3), [7] | 2937.14, (478.46), [7]
Serum PFOS Brain M nglg | 4008.57, (831.73), [7] | 3998.57, (831.73), [7] | 3998.57, (831.73), [7] | 25028.57, (5202.47), [7] | 3600, (750.07), [7] 25028.57, (5202.47), [7] | 3401.43, (705.72), [7)
Serum PFOS Kidney F nglg 2441.43, (268.73), [7] | 2440, (270.31), [7] 2440, (270.31), [7] 15228.57, (1702.66), [7] | 2195.71, (242.96), [7] | 15228.57, (1702.66), [7] | 2074.29, (226.85), [7]
Serum PFOS Kidney M nglg 1712.86, (206.54), [7) | 1712.86, (206.54), [7] | 1712.86, (206.54), [7] | 10707.14, (1288.55), [7] | 1538.57, (184.7), [7] | 10707.14, (1288.55), [7] | 1454.29, (175.96), [7]
Serum PFOS Liver F nglg 110, (3.32), [7] 109.86, (3.29), [7] 109.86, (3.29), [7] 685.86, (20.52), [7] 98.76, (2.87), [7] 685.86, (20.52), [7] 93.29, (2.77), [7]
Serum PFOS Liver M nglg 110.14, (6.04), [7] 109.97, (5.93), [7] 109.97, (5.93), [7] 687.29, (37.8), [7] 99.14, (5.52), [7) 687.29, (37.8), [7] 93.49, (5.09), [7]
Serum PFOA Brain F nalg 2691.43, (613.31), [7] | 2688.57, (614.48), [7] | 2688.57, (614.48), [7] | 16785.71, (3858.94), [7] | 2418.57, (552.61), [7] | 16785.71, (3858.94), [7] | 2282.86, (521.62), [7]
Serum PFOA Brain M nalg 2814.29, (507.77), [7] | 2811.43, (508.9), [7] | 2811.43, (508.9), [7] | 17585.71, (3157.23), [7] | 2531.43, (458.02), [7] | 17585.71, (3157.23), [7] | 2390, (430.77), [7]
Serum PFOA Kidney F nglg 2438.57, (238.57), [7] | 2435.71, (236.7), [7] | 2435.71, (236.7), [7] | 15214.29, (1466.77), [7] | 2194.29, (215.78), [7] | 15214.29, (1466.77), [7] | 2071.43, (202.68), [7]
Serum PFOA Kidney M nglg 1640, (223.98), [7] 1637.14, (225.74), [7] | _1637.14, (225.74), [7] | 10230, (1389.42), [7] 1472.86, (203.61), [7] | 10230, (1389.42), [7] 1391.43, (190.3), [7]
Serum PFOA Liver F nglg 108.29, (3.9), [7] 108.14, (3.89), [7] 108.14, (3.89), [7] 676.14, (23.83), [7] 97.4, (3.48), [7) 676.14, (23.83), [7] 91.94, (3.26), [7]
Serum PFOA Liver M nglg 111.86, (3.48), [7] 111.71, (3.59), [7] 111.71, (3.59), [7] 698.29, (22.25), [7] 100.61, (3.3), [7] 698.29, (22.25), [7] 94.97, (3.03), [7]
Serum PFHXS Brain F nglg | 437.43, (122.19), [7] | 436.71, (121.97), [7] | 436.71, (121.97), [7] | 2727.14, (162.42), [7] 393.14, (110.12), [7] | 2727.14, (762.42), [7] 371.43, (103.89), [7]
Serum PFHXS Brain M nglg | 411.86, (107.73),[7] | 411.57,(107.37), [7] | 411.57,(107.37),[7] | 2572.86, (669.54), [7] 370.43, (96.8), [7] 2572.86, (669.54), [7] 349.71, (91.07), [7]
Serum PFHxXS Kidney F nglg | 432.29, (59.73), [7] 431.43, (59.66), [7] 431.43, (59.66), [7] 2698.57, (370.6), [7] 388.43, (53.62), [7] 2698.57, (370.6), [7] 366.86, (50.59), [7]
Serum PFHXS Kidney M nglg 252.86, (48.32), [7] 252.57, (47.88), [7] 252.57, (47.88), [7] 1578.57, (299.91), [7] 227.14, (43.21), [7] 1578.57, (299.91), [7] 214.86, (40.8), [7]
Serum PFHXS Liver F nglg 114.29, (3.35), [7] 114.14, (3.34), [7] 114.14, (3.34), [7] 713.43, (20.7), [7] 102.8, (2.99), [7] 713.43, (20.7), [7] 97, (2.81), [7]

Serum PFHXS Liver M nglg 113.57, (3.31), [7] 113.57, (3.31), [7) 113.57, (3.31), [7] 709.43, (19.84), [7] 102.11, (2.94), [7] 709.43, (19.84), [7] 96.51, (2.79), [7]
Serum PFHXA Brain F nalg 5.71, (4.49), [7] 5.71, (4.49), [7] 5.71, (4.49), [7] 35.66, (28.01), [7] 5.13, (4.03), [7] 35.66, (28.01), [7] 4.85, (3.8), [7]

Serum PFHXA Brain M nalg 3.5, (0.46), [7] 3.49, (0.46), [7] 3.49, (0.46), [7] 21.83, (2.89), [7] 3.14, (0.42),[7) 21.83, (2.89), [7] 2.97, (0.4), [7)

Serum PFHXA Kidney F nglg 2.72, (0.36), [7] 2.72, (0.36), [7] 2.72, (0.36), [7] 17, (2.23), [7] 2.45, (0.32), [7] 17, (2.23), [7] 2.36, (0.34), [7]
Serum PFHXA Kidney M nglg 1.56, (0.18), [7] 1.55, (0.19), [7] 1.55, (0.19), [7] 9.71, (1.17), [7] 1.4, (0.17), [7] 9.71, (1.17), [7] 1.32, (0.16), [7]
Serum PFHXA Liver F nglg 0.92, (0.45), [7] 0.95, (0.44), [7] 0.92, (0.45), [7] 5.72, (2.78), [7] 0.82, (0.4), [7) 5.72, (2.78), [7] 0.78, (0.38), [7]
Serum PFHXA Liver M nglg 0.84, (0.26), [7] 0.88, (0.27), [7] 0.84, (0.26), [7] 5.27, (1.61), [7] 0.76, (0.23), [7] 5.27, (1.61), [7] 0.72, (0.22), [7]
Serum 6:2 FTS Brain F nglg 178.79, (100.78), [7] | 178.63, (100.64), [7] | 178.63, (100.64),[7] | 1116.84, (629.95), [7] 160.94, (90.71), [7] 1116.84, (629.95), [7] 152.02, (85.69), [7]
Serum 6:2FTS Brain M nglg 265, (91.31), [7] 264.71, (91.3), [7] 264.71, (91.3),[7] 1652.86, (570.28), [7] 238.29, (82.01), [7] 1652.86, (570.28), [7] 224.71, (77.48), [7]
Serum 6:2FTS Kidney F nglg 67.03, (9.01), [7] 66.97, (8.97), [7] 66.97, (8.97), [7] 418.71, (56.17), [7] 60.27, (8.1), [7] 418.71, (56.17), [7] 56.93, (7.63), [7]
Serum 6:2FTS Kidney M nglg_ | 45.16, (9.58), [7] 45.09, (9.6), [7] 45.09, (9.6), [7] 281.71, (59.77), [7] 40.57, (8.61), [7] 281.71, (59.77), [7] 38.31, (8.11), [7]
Serum 6:2 FTS Liver F nglg 39.59, (0.64), [7] 39.51, (0.61), [7] 39.51, (0.61), [7] 247.14, (4.06), [7] 35.59, (0.57), [7] 247.14, (4.06), [7] 33.6, (0.51), [7]
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Serum 6:2 FTS Liver M nglg 39.46, (0.32), [7] 39.43, (0.34), [7] 39.43, (0.34), [7] 246.14, (2.12),[7) 35.47, (0.3), [7] 246.14, (2.12),[7] 33.51, (0.29), [7]
Serum 8:2 FTS Brain F nglg 2451.57, (2253.94), [7]|_2448.71, (2250.8), [7] | 2448.71, (2250.8), [7] | 15297.14, (14058.39), [7] 2204.43, (2027.74), [7]| 15297.14, (14058.39), [7] 2080.86, (1912.89), [7]
Serum 8:2FTS Brain M nglg 558.57, (972.06), [7] | 557, (968.33), [7] 557, (968.33), [7) 3483.29, (6056.61), [7] | 502, (873.4), [7 3483.29, (6056.61), [7] | 473.71, (824.07),[7)
Serum 8:2FTS Kidney F nglg 146.43, (22.99), [7] 146, (23.17), [7] 146, (23.17), [7] 913.29, (144.94), [7] 131.5, (20.87), [7] 913.29, (144.94), [7] 124.14, (19.66), [7]
Serum 8:2FTS Kidney M nglg 92.11, (13.01), [7] 92.06, (13.02), [7] 92.06, (13.02), [7] 575.14, (81.2), [7) 82.83, (11.71), [7] 575.14, (81.2), [7] 78.23, (11.05), [7]
Serum 8:2 FTS Liver F nglg 39.04, (1.07), [7] 38.94, (1.07), [7] 38.94, (1.07), [7] 243.43, (6.45), [7) 35.07, (0.95), [7] 243.43, (6.45), [7) 165.57, (4.61), [7]
Serum 8:2 FTS Liver M nglg 39.19, (0.74), [7) 39.13, (0.78), [7] 39.13, (0.78), [7) 244,57, (4.65), [7) 35.21, (0.67), [7] 244,57, (4.65), [7) 166.14, (3.29), [7]
Serum C6:8 Low Brain F nglg 621.71, (255.62), [7] | 619.71, (252.85), [7] | 619.71, (252.85), [7] | 3877.14, (1588.18), [7] | 558.29, (228.71), [7] | 3877.14, (1588.18), [7] | 527.29, (216.21), [7]
Serum C6:8 Low Brain M nglg 502.71, (136.47), [7] | 502.14, (136.26), [7] | 502.14, (136.26), [7] | 3137.14, (851.52), [7] 452, (122.84), [7] 3137.14, (851.52), [7] 426.57, (116.01), [7]
Serum C6:8 Low Kidney F nglg 28.99, (3.52), [7] 28.97, (3.5), [7] 28.97, (3.5), [7] 181.14, (21.95), [7) 26.09, (3.18), [7] 181.14, (21.95), [7) 24.63, (2.98), [7]
Serum C6:8 Low Kidney M nglg 17.13, (1.76), [7] 17.13, (1.76), [7] 17.13, (1.76), [7] 106.74, (10.94), [7) 15.37, (1.57), [7) 106.74, (10.94), [7) 14.54, (1.48), [7]
Serum C6:8 Low Liver F nglg 18.91, (0.42), [10] 18.87, (0.38), [10] 18.87, (0.38), [10] 118.2, (2.74), [10] 16.99, (0.35), [10] 118.2, (2.74), [10] 16.06, (0.34), [10]
Serum C6:8 Low Liver M nglg 19.18, (0.36), [10] 19.14, (0.35), [10] 19.14, (0.35), [10] 119.6, (2.32), [10] 17.24, (0.33), [10] 119.6, (2.32), [10] 16.27, (0.29), [10]
Serum C6:8 Medium |_Brain F nglg 981.71, (64.42) [7] 979.86, (62.72), [7] 979.86, (62.72), [7] 6130, (400.5), [7] 882.86, (57.75), [7] 6130, (400.5), [7] 833.71, (54.6), [7)]
Serum C6:8 Medium |_Brain M nglg 1074, (96.11), [7] 1073.57, (96.64), [7] | 1073.57, (96.64), [7] | 6710, (603.49), [7] 966.29, (86.66), [7] 6710, (603.49), [7] 912.29, (82.07), [7]
Serum C6:8 Medium |_Kidney F nglg 137, (18.68), [7] 136.86, (18.49), [7] 136.86, (18.49), [7] 854.57, (116.64), [7] 123.1, (16.61), [7] 854.57, (116.64), [7] 116.34, (15.94), [7)
Serum C6:8 Medium |_Kidney M nglg 86.79, (12.96), [7] 86.69, (12.98), [7] 86.69, (12.98), [7] 541.86, (81.12), [7] 78.03, (11.68), [7) 541.86, (81.12), [7] 73.71, (11.01), [7]
Serum C6:8 Medium | _Liver F nglg 38.01, (0.89), [10] 37.95, (0.89), [10] 37.95, (0.89), [10] 237.1, (5.63), [10] 34.16, (0.79), [10] 237.1, (5.63), [10] 32.26, (0.76), [10]
Serum C6:8 Medium | _Liver M nglg 38.32, (0.9), [10] 38.27, (0.9), [10] 38.27, (0.9), [10] 239.3, (5.52), [10] 34.46, (0.81), [10] 239.3, (5.52), [10] 32.54, (0.78), [10]
Serum C6:8 High Brain F nglg 5087.14, (581.31), [7] | 5984.29, (579.48), [7] | 5984.29, (579.48). [7] | 37371.43, (3639.47), [7] | 5382.86, (520.86), [7] | 37371.43, (3639.47), [7] | 5084.29, (492.34), [7]
Serum C68 High Brain M nglg 5090, (2709.91), [7] | 5085.71, (2711.39), [7]| 5085.71, (2711.39), [7]| 31742.86, (16838.24), [7] 4570, (2426.29), [7] | 31742.86, (16838.24), [7] 4317.14, (2290.76), [7]
Serum C68 High Kidney F nglg 141.71, (18.8), [7] 141.57, (18.86), [7] 141.57, (18.86), [7] 885.43, (118.62), [7] 127.43, (16.87), [7] 885.43, (118.62), [7] 120.17, (15.9), [7]
Serum C68 High Kidney M nglg 88.41, (10.18), [7) 88.33, (10.2), [7] 88.33, (10.2), [7] 552, (63.58), [7) 79.49, (9.15), [7] 552, (63.58), [7] 75.09, (8.64), [7]
Serum C6:8 High Liver F nglg 38.87, (1.14), [10] 38.81, (1.12), [10] 38.81, (1.12), [10] 242.5, (7.03), [10] 34.95, (1.03), [10] 242.5, (7.03), [10] 33, (0.96), [10]
Serum C6:8 High Liver M nglg 38.13, (1.09), [9] 38.11, (1.1), [9] 38.11, (1.1), [9] 238, (6.98), [9] 34.27, (1), [9] 238, (6.98), [9] 32.38, (0.94), [9]
Serum FTS Low Brain F nglg 547.86, (246.49), [7] | 547, (246.81), [7] 547, (246.81), [7] 3421.43, (1547.02), [7] | 492.57, (222.34), [7] | 3421.43, (1547.02), [7] | 465.29, (210.08), [7]
Serum FTS Low Brain M nglg 1018.86, (412.44), [7] | 1018.43, (412.52), [7] | 1018.43, (412.52), [7] | 6372.86, (2589.14), [7] | 915.71, (370.81), [7] | 6372.86, (2589.14), [7] | 866.14, (351.56), [7]
Serum FTS Low Kidney F nglg 71.43, (5.78), [7] 71.36, (5.76), [7] 71.36, (5.76), [7] 446, (36.12), [7] 64.21, (5.21), [7) 446, (36.12), [7] 60.66, (4.91), [7]
Serum FTS Low Kidney M nglg | 42.89, (6.78), [7] 42.79, (6.78), [7] 42.79, (6.78), [7] 267.43, (42.41), [7] 38.53, (6.07), [7) 267.43, (42.41), [7] 36.37, (5.76), [7]
Serum FTS Low Liver F nglg 19.08, (0.37), [10] 19.04, (0.35), [10] 19.04, (0.35), [10] 119, (2.21), [10] 17.14, (0.32), [10] 119, (2.21), [10] 16.18, (0.32), [10]
Serum FTS Low Liver M nglg 19, (0.41), [10] 18.98, (0.43), [10] 18.98, (0.43), [10] 118.6, (2.8), [10] 17.09, (0.39), [10] 118.6, (2.8), [10] 16.14, (0.35), [10]
Serum FTS Medium | Brain F nglg 176.14, (75.67), [7] 176.14, (75.67), [7] 176.14, (75.67), [7] 1101.57, (473.51), [7] 158.39, (67.9), [7] 1101.57, (473.51), [7] 149.71, (64.26), [7]
Serum FTS Medium | Brain M nglg 230.86, (93.41), [7] 230.43, (93.08), [7] 230.43, (93.08), [7] 1441.43, (580.44), [7) 207.43, (83.76), [7] 1441.43, (580.44), [7) 195.89, (79.3), [7]
Serum FTS Medium | Kidney F nglg 69.8, (7.93), [7] 69.7, (7.93), [7] 69.7, (7.93), [7] 435.71, (49.6), [7] 62.74, (7.13), [7] 435.71, (49.6), [7] 59.27, (6.76), [7]
Serum FTS Medium | Kidney M nglg | 44.06, (7.03), [7] 43.99, (6.99), [7] 43.99, (6.99), [7] 275.14, (43.87), [7] 39.6, (6.28), [7] 275.14, (43.87), [7] 37.4, (5.97), [7]
Serum FTS Medium | Liver F nglg 19.18, (0.38), [10] 19.14, (0.36), [10] 19.14, (0.36), [10] 119.6, (2.32), [10] 17.22, (0.33), [10] 119.6, (2.32), [10] 16.27, (0.3), [10]
Serum FTS Medium | Liver M nglg 19.08, (0.58), [10] 19.05, (0.58), [10] 19.05, (0.58), [10] 119.1, (3.45), [10] 17.14, (0.53), [10] 119.1, (3.45), [10] 16.19, (0.51), [10]
Serum FTS High Brain F nglg 255, (133), [7] 254.86, (132.81), [7] | 254.86, (132.81), [7] | 1592.14, (830.23),[7] 229.29, (119.67), [7] | 1592.14, (830.23) [7] 216.5, (112.92), [7]
Serum FTS High Brain M nglg 232.57, (63.77), [7] 232.29, (63.8), [7] 232.29, (63.8), [7) 1454.29, (398.87), [7) 209, (57.23), [7] 1454.29, (398.87), [7) 197.43, (54.05), [7]
Serum FTS High Kidney F nalg 138.14, (26.34), [7) 138, (26.42), [7] 138, (26.42), [7] 862.29, (165.61), [7] 124.17, (23.93), [7] 862.29, (165.61), [7] 117.26, (22.46), [7)
Serum FTS High Kidney M nalg 87.26, (10.87), [7] 87.17, (10.89), [7] 87.17, (10.89), [7] 545, (68.53), [7] 78.47, (9.86), [7] 545, (68.53), [7] 74.13, (9.33), [7]
Serum FTS High Liver F nglg 38.9, (0.67), [10] 38.83, (0.68), [10] 38.83, (0.68), [10] 242.8, (4.44), [10] 34.95, (0.59), [10] 242.8, (4.44), [10] 33.02, (0.56), [10]
Serum FTS High Liver M nglg 38.87, (1.02), [10] 38.84, (1.02), [10] 38.84, (1.02), [10] 242.7, (6.38), [10] 34.94, (0.91), [10] 242.7, (6.38), [10] 33, (0.86), [10]
Serum Control Brain F nglg 2.67, (0.52), [7] 2.67, (0.52), [7] 2.67, (0.52), [7] 16.67, (3.27), [7] 2.4, (0.47), [7] 16.67, (3.27), [7] 2.27,(0.44), [7]
Serum Control Brain M nglg 2.44,(0.21), [7) 2.43,(0.21), [7] 2.43,(0.21), [7] 15.2, (1.33), [7] 2.19, (0.19), [7] 15.2, (1.33), [7] 2.07, (0.18), [7]
Serum Control Kidney F nalg 3.2, (0.28), [7] 3.19, (0.28), [7] 3.19, (0.28), [7] 19.96, (1.75), [7] 2.87, (0.25), [7) 19.96, (1.75), [7] 2.71, (0.24), [7]
Serum Control Kidney M nalg 1.73,(0.17), [7] 1.73, (0.17), [7) 1.73, (0.17), [7] 10.82, (1.09), [7] 1.56, (0.15), [7) 10.82, (1.09), [7] 1.47, (0.15), [7]
Serum Control Liver F nglg 0.67, (0.08), [7] 0.66, (0.08), [7] 0.66, (0.08), [7] 4.15, (0.49), [7] 0.6, (0.07), [7] 4.15, (0.49), [7] 0.56, (0.07), [7]
Serum Control Liver M nglg 0.49, (0.03), [7] 0.72, (0.63), [7] 0.49, (0.03), [7] 3.05, (0.19), [7] 0.44, (0.03), [7] 3.05, (0.19), [7] 0.41, (0.03), [7]

Table SI3.4. Table SB.3 continued.

Study Treatment Sample Type| Sex [ Units 9CI-PF30ONS ADONA EtFOSAA HFPODA MeFOSAA N-EtFOSA N-EtFOSE
Wholebody | PFOS water NA | ng/L 852000, (NA), [1] 850000, (NA), [1] 213000, (NA), [1] 850000, (NA), [1] 213000, (NA), [1] 595000, (NA), [1] 2130000, (NA), [1]
Wholebody | PFOS wholebody F ng/g 1.96, (0.03), [20] 1.95, (0.03), [20] 0.49, (0.01), [20] 1.95, (0.03), [20] 0.49, (0.01), [20] 1.37, (0.02), [20] 4.89, (0.07), [20]
Wholebody | PFOS wholebody M ng/g 1.97, (0.03), [20] 1.96, (0.03), [20] 0.49, (0.01), [20] 1.96, (0.03), [20] 0.49, (0.01), [20] 1.38, (0.02), [20] 4.91, (0.07), [20]
Wholebody | PFOA water NA | ng/L 807000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 563000, (NA), [1] 2010000, (NA), [1]
Wholebody | PFOA wholebody F ng/g 0.38, (0.01), [10] 0.38, (0.01), [10] 0.09, (0), [10] 0.38, (0.01), [10] 0.09, (0), [10] 0.27, (0.01), [10] 0.95, (0.03), [10]
Wholebody | PFOA wholebody M ng/g 0.38, (0.01), [9] 0.38, (0.01), [9] 0.09, (0), [9] 0.38, (0.01), [9] 0.09, (0), [9] 0.26, (0.01), [9] 0.95, (0.02), [6]
Wholebody | PFHxS water NA | ng/L 715000, (NA), [1] 714000, (NA), [1] 178000, (NA), [1] 714000, (NA), [1] 178000, (NA), [1] 5e+05, (NA), [1] 1780000, (NA), [1]
Wholebody | PFHxS wholebody F ng/g 30.69, (1.06), [10] 30.61, (1.07), [10] 7.65, (0.26), [10] 30.61, (1.07), [10] 7.65, (0.26), [10] 21.4,(0.75), [10] 76.5, (2.63), [10]

160



Wholebody | PFHxS wholebody | M__ | ng/lg | 30.62, (1.39), [10] 30.55, (1.36), [10] 7.63, (0.34), [10] 30.55, (1.36), [10] 7.63, (0.34), [10] 21.38, (0.96), [10] 76.33, (3.39), [10]
Wholebody | PFHxA water NA | nglL__| 862000, (NA), [1] 860000, (NA), [1] 215000, (NA), [1] 860000, (NA), [1] 215000, (NA), [1] 602000, (NA), [1] 2150000, (NA), [1]
Wholebody | PFHXA wholebody | F nglg | 0.73, (0.02), [10] 0.73, (0.02), [10] 0.18, (0.01), [10] 0.73, (0.02), [10] 0.18, (0.01), [10] 0.51, (0.02), [10] 1.83, (0.06), [10
Wholebody | PFHXA wholebody | M__| ng/g | 0.74, (0.03), [10] 0.74, (0.03), [10] 0.18, (0.01), [10] 0.74, (0.03), [10] 0.18, (0.01), [10] 0.52, (0.02), [10] 1.84, (0.08), [10
Wholebody | PFNA water NA | ng/lL__| 841000, (NA), [1] 839000, (NA), [1] 210000, (NA), [1] 839000, (NA), [1] 210000, (NA), [1] 587000, (NA), [1] 2100000, (NA), [1]
Wholebody | PFNA wholebody | F nglg | 30.23, (1.52), [10] 30.16, (1.51), [10] 7.54, (0.37), [10] 30.16, (1.51), [10] 7.54, (0.37), [10] 21.09, (1.06), [10] 75.37, (3.73), [10]
Wholebody | PFNA wholebody | M__ | ng/lg | 30.14, (1.57), [10] 30.08, (1.57), [10] 7.52, (0.39), [10] 30.08, (1.57), [10] 7.52, (0.39), [10] 21.03, (1.09), [10] 75.18, (3.9), [10]
Wholebody | PFBS water NA | nglL__| 734000, (NA), [1] 733000, (NA), [1] 183000, (NA), [1] 733000, (NA), [1] 183000, (NA), [1] 513000, (NA), [1] 1830000, (NA), [1]
Wholebody | PFBS wholebody | F nglg | 7.62, (0.31), [10] 7.6, (0.31), [10] 1.9, (0.08), [10] 7.6, (0.31), [10] 1.9, (0.08), [10] 5.32, (0.22), [10] 18.98, (0.79), [10]
Wholebody | PFBS wholebody | M__| nglg | 7.51, (0.28), [10] 7.49, (0.28), [10] 1.87, (0.07), [10] 7.49, (0.28), [10] 1.87, (0.07), [10] 5.24, (0.2), [10] 18.72, (0.69), [10]
Wholebody | 6:2 FTS water NA | ng/lL | 213000, (NA), [1] 213000, (NA), [1] 53200, (NA), [1] 213000, (NA), [1] 53200, (NA), [1] 149000, (NA), [1] 532000, (NA), [1]
Wholebody | 6:2 FTS wholebody | F ng/lg | 0.38, (0.01), [10] 0.38, (0.01), [10] 0.1, (0), [10] 0.38, (0.01), [10] 0.1, (0), [10] 0.29, (0.06), [10] 0.96, (0.03), [10]
Wholebody | 6:2 FTS wholebody | M__ | ng/g | 0.38,(0.01), [10] 0.38, (0.01), [10] 0.09, (0), [10] 0.38, (0.01), [10] 0.09, (0), [10] 0.26, (0.01), [10] 0.94, (0.03), [10]
Wholebody | 8:2 FTS water NA | nglL__| 207000, (NA), [1] 207000, (NA), [1] 51700, (NA), [1] 207000, (NA), [1] 51700, (NA), [1] 145000, (NA), [1] 517000, (NA), [1]
Wholebody | 8:2 FTS wholebody | F nglg | 0.39, (0.01), [9] 0.39, (0.01), [9] 0.1, (0, [9] 0.39, (0.01), [9] 0.1, (0), [9] 0.27, (0.01), [9] 0.96, (0.03), [9)]
Wholebody | 8:2 FTS wholebody | M__| ng/g_| 0.39, (0.01), [11] 0.39, (0.01), [11] 0.1, (0), [11] 0.39, (0.01), [11] 0.1, (0), [11] 0.27, (0), [11]) 0.97, (0.02), [11]
Wholebody | C68LOW water NA | ngll__| 77100, (NA), [1] 76900, (NA), [1] 19200, (NA), [1] 76900, (NA), [1] 19200, (NA), [1] 53800, (NA), [1] 192000, (NA), [1]
Wholebody | C68LOW wholebody | F nglg | 7.65, (0.27), [10] 7.63, (0.27), [10] 1.91, (0.07), [10] 7.63, (0.27), [10] 1.91, (0.07), [10] 5.34, (0.19), [10] 19.05, (0.66), [10]
Wholebody | C68LOW wholebody | M__ | nglg | 7.65,(0.29), [10] 7.63, (0.29), [10] 1.93, (0.06), [10] 7.63, (0.29), [10] 1.91, (0.07), [10] 5.34, (0.2), [10] 19.08, (0.71), [10]
Wholebody | C68MED water NA | nglL__| 438000, (NA), [1] 437000, (NA), [1] 109000, (NA), [1] 437000, (NA), [1] 109000, (NA), [1] 306000, (NA), [1] 1090000, (NA), [1]
Wholebody | C6BMED wholebody | F nglg | 7.83,(0.22), [10] 7.81, (0.22), [10] 1.95, (0.06), [10] 7.81, (0.22), [10] 1.95, (0.06), [10] 5.47, (0.15), [10] 19.53, (0.55), [10]
Wholebody | C6BMED wholebody | M__| nglg | 7.83,(0.15), (9] 7.81, (0.15), [9] 1.95, (0.04), [9] 7.81, (0.15), [9] 1.95, (0.04), [9] 5.47, (0.1), [9] 19.53, (0.35), [9]
Wholebody | C68HIGH water NA | nglL__| 444000, (NA), [1] 442000, (NA), [1] 111000, (NA), [1] 442000, (NA), [1] 111000, (NA), [1] 310000, (NA), [1] 1110000, (NA), [1]
Wholebody | C68HIGH wholebody | F nglg | 26.94, (1.62), [10] 26.89, (1.62), [10] 7.16, (0.9), [10] 26.89, (1.62), [10] 6.72, (0.4), [10] 18.78, (1.14), [10] 67.18, (4.05), [10]
Wholebody | C68HIGH wholebody | M__ | nglg | 28.39, (2.26), [10] 28.31, (2.25), [10] 7.21, (0.54), [10] 28.31, (2.25), [10] 7.08, (0.56), [10] 19.82, (1.59), [10] 70.77, (5.61), [10]
Wholebody | FTSLOW water NA | nglL__| 68500, (NA), [1] 68400, (NA), [1] 17100, (NA), [1] 68400, (NA), [1] 17100, (NA), [1] 47900, (NA), [1] 171000, (NA), [1]
Wholebody | FTSLOW wholebody | F nglg 15.34, (0.67), [10] 15.3, (0.67), [10] 3.83, (0.17), [10] 15.3, (0.67), [10] 3.83, (0.17), [10] 10.73, (0.47), [10] 38.27, (1.67), [10]
Wholebody | FTSLOW wholebody | M__| ng/g 15.08, (0.64), [10] 15.05, (0.64), [10] 3.76, (0.16), [10] 15.05, (0.64), [10] 3.76, (0.16), [10] 10.56, (0.45), [10] 37.62, (1.61), [10]
Wholebody | FTSMED water NA | ng/lL__| 214000, (NA), [1] 214000, (NA), [1] 53400, (NA), [1] 214000, (NA), [1] 53400, (NA), [1] 150000, (NA), [1] 534000, (NA), [1]
Wholebody | FTSMED wholebody | F nglg | 7.55, (0.36), [10] 7.53, (0.36), [10] 1.88, (0.09), [10] 7.53, (0.36), [10] 1.88, (0.09), [10] 5.27, (0.25), [10] 18.83, (0.89), [10]
Wholebody | FTSMED wholebody | M__| ng/lg | 7.6, (0.31), [10] 7.58, (0.3), [10] 1.9, (0.08), [10] 7.58, (0.3), [10] 1.9, (0.08), [10] 5.3, (0.21), [10] 18.95, (0.76), [10]
Wholebody | FTSHIGH water NA | nglL__| 433000, (NA), [1] 432000, (NA), [1] 108000, (NA), [1] 432000, (NA), [1] 108000, (NA), [1] 302000, (NA), [1] 1080000, (NA), [1]
Wholebody | FTSHIGH wholebody | F nglg | 26.65, (1.71), [10] 26.56, (1.72), [10] 6.73, (0.57), [10] 26.56, (1.72), [10] 6.64, (0.43), [10] 18.6, (1.18), [10] 66.42, (4.29), [10]
Wholebody | FTSHIGH wholebody | M__| nglg | 27.04, (1.81), [10] 26.99, (1.79), [10] 7.08, (0.88), [10] 26.99, (1.79), [10] 6.75, (0.45), [10] 18.88, (1.25), [10] 67.47, (4.48), [10]
Wholebody |_Control water NA | ngll__| 44600, (NA), [1] 44400, (NA), [1] 11100, (NA), [1] 44400, (NA), [1] 11100, (NA), [1] 31100, (NA), [1] 111000, (NA), [1]
Wholebody | Control wholebody | F nglg | 0.39, (0.01), [10] 0.38, (0.01), [10] 0.1, (0), [10] 0.38, (0.01), [10] 0.1, (0), [10] 0.27, (0.01), [10] 0.96, (0.02), [9]
Wholebody |_Control wholebody | M__| ng/g__| 0.39, (0.01), [10] 0.39, (0.01), [10] 0.1, (0), [10] 0.39, (0.01), [10] 0.1, (0), [10] 0.28, (0), [10] 1.13, (0.26), [8]
Serum PFOS serum F ngimL | 72.9, (4.12), [10] 72.71, (4.11), [10] 18.19, (1.02), [10] 72.71, (4.11), [10] 18.19, (1.02), [10] 50.91, (2.87), [10] 181.9, (10.25), [10]
Serum PFOS serum M__| ng/imL | 66.73, (7.99), [9] 66.56, (7.97), [9] 16.67, (1.99), [9] 66.56, (7.97), [9] 16.67, (1.99), [9] 46.6, (5.57), [9] 166.67, (19.89), 9]
Serum PFOS water NA | ng/lL__| 383000, (NA), [1] 382000, (NA), [1] 95500, (NA), [1] 382000, (NA), [1] 95500, (NA), [1] 267000, (NA), [1] 955000, (NA), [1]
Serum PFOA serum F ng/imL_|_3.94, (0.16), [10] 3.93, (0.16), [10] 0.98, (0.04), [10] 3.93, (0.16), [10] 0.98, (0.04), [10] 2.75, (0.11), [10] 9.81, (0.38), [10]
Serum PFOA serum M__| ng/mL | 3.94, (0.14), [10] 3.93, (0.14), [10] 0.98, (0.04), [10] 3.93, (0.14), [10] 0.98, (0.04), [10] 2.74, (0.1), [10] 9.81, (0.36), [10)
Serum PFOA water NA_| ng/lL__| 799000, (NA), [1] 797000, (NA), [1] 199000, (NA), [1] 797000, (NA), [1] 199000, (NA), [1] 558000, (NA), [1] 1990000, (NA), [1]
Serum PFHXS serum F ngimL_|_4.47, (1.17), [10] 4.46, (1.17), [10] 1.11, (0.29), [10] 4.46, (1.17), [10] 1.11, (0.29), [10] 3.12, (0.82), [10] 11.15, (2.92), [10]
Serum PFHXS serum M__| ng/imL | 4.36, (0.83), [10] 4.35, (0.83), [10] 1.09, (0.21), [10] 4.35, (0.83), [10] 1.09, (0.21), [10] 3.04, (0.58), [10] 10.87, (2.08), [10]
Serum PFHXS water NA | ng/lL__| 845000, (NA), [1] 843000, (NA), [1] 211000, (NA), [1] 843000, (NA), [1] 211000, (NA), [1] 590000, (NA), [1] 2110000, (NA), [1]
Serum PFHXA serum F ngimL_|_4.13, (0.42), [9] 4.12,(0.42), [9)] 1.03, (0.11), [9] 4.12, (0.42), [9] 1.03, (0.11), [9] 2.88, (0.3), [9] 10.29, (1.06), [9]
Serum PFHXA serum M | ng/mL | 4.27,(0.57), [10] 4.26, (0.57), [10] 1.06, (0.14), [10] 4.26, (0.57), [10] 1.06, (0.14), [10] 2.98, (0.4), [10] 10.62, (1.43), [10]
Serum PFHXA water NA_| ng/lL__| 817000, (NA), [1] 815000, (NA), [1] 204000, (NA), [1] 815000, (NA), [1] 204000, (NA), [1] 570000, (NA), [1] 2040000, (NA), [1]
Serum PFNA serum F ng/imL_|_595.9, (19.15), [10] 594.4, (19.41), [10] 148.6, (4.99), [10] 594.4, (19.41), [10] 148.6, (4.99), [10] 416.1, (13.29), [10] 1486, (49.93), [10]
Serum PENA serum M__| ng/imL | 576.9, (26.2), [10] 575.5, (26.25), [10] 144, (6.46), [10] 575.5, (26.25), [10] 144, (6.46), [10] 402.8, (18.32), [10] 1440, (64.64), [10]
Serum PENA water NA | ng/lL__| 738000, (NA), [1] 737000, (NA), [1] 184000, (NA), [1] 737000, (NA), [1] 184000, (NA), [1] 516000, (NA), [1] 1840000, (NA), [1]
Serum PFBS serum F ng/imL_|_4.88, (1.56), [10] 4.87, (1.56), [10] 1.22, (0.39), [10] 4.87, (1.56), [10] 1.22, (0.39), [10] 3.41, (1.09), [10] 12.16, (3.89), [10]
Serum PFBS serum M | ng/mL | 4.75, (2.06), [10] 4.74, (2.07), [10] 1.18, (0.52), [10] 4.74, (2.07), [10] 1.18, (0.52), [10] 3.32, (1.45), [10] 11.85, (5.18), [10]
Serum PFBS water NA_| ng/L__| 807000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 563000, (NA), [1] 2010000, (NA), [1]
Serum 6:2 FTS serum F ng/imL_|_3.41, (0.87), [10] 3.4, (0.87), [10] 0.85, (0.22), [10] 3.4, (0.87), [10] 0.85, (0.22), [10] 2.38, (0.61), [10] 8.5, (2.16), [10]
Serum 6:2 FTS serum M__| ng/imL | 3.45, (0.93), [10] 3.44, (0.93), [10] 0.86, (0.23), [10] 3.44, (0.93), [10] 0.86, (0.23), [10] 2.41, (0.65), [10] 8.6, (2.31), [10]
Serum 62 FTS water NA | ng/lL__| 188000, (NA), [1] 188000, (NA), [1] 47000, (NA), [1] 188000, (NA), [1] 47000, (NA), [1] 132000, (NA), [1] 470000, (NA), [1]
Serum 82 FTS serum F ng/imL_|_3.46, (0.97), [10] 3.45, (0.97), [10] 0.86, (0.24), [10] 3.45, (0.97), [10] 0.86, (0.24), [10] 2.42, (0.68), [10] 8.62, (2.42), [10]
Serum 82 FTS serum M__| ng/imL | 2.98, (0.64), [10] 2.98, (0.64), [10] 0.74, (0.16), [10] 2.98, (0.64), [10] 0.74, (0.16), [10] 2.08, (0.45), [10] 7.44, (1.6), [10]
Serum 82 FTS water NA_| ng/lL__| 202000, (NA), [1] 202000, (NA), [1] 50500, (NA), [1] 202000, (NA), [1] 50500, (NA), [1] 141000, (NA), [1] 505000, (NA), [1]
Serum C68LOW serum F ng/imL_|_38.27, (1.85), [10] 38.17, (1.85), [10] 9.54, (0.45), [10] 38.17, (1.85), [10] 9.54, (0.45), [10] 26.74, (1.28), [10] 95.41, (4.52), [10]
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Serum C68LOW serum M__ | ng/imL | 39.38, (1.83), [10] 39.28, (1.83), [10] 9.8, (0.43), [10] 39.28, (1.83), [10] 9.8, (0.43), [10] 27.5, (1.28), [10] 98.02, (4.32), [10]
Serum C68LOW water NA | ng/lL__| 81000, (NA), [1] 80800, (NA), [1] 20200, (NA), [1] 80800, (NA), [1] 20200, (NA), [1] 56600, (NA), [1] 202000, (NA), [1]
Serum C68MED serum F ng/imL | 192.5, (8.51), [10] 191.7, (8.84), [10] 47.97, (2.17), [10] 191.7, (8.84), [10] 47.97, (2.17), [10] 134.2, (6.09), [10] 479.7, (21.73), [10]
Serum C68MED serum M__| ngimL | 192.4, (4.65), [10] 191.4, (4.65), [10] 47.92, (1.14), [10] 191.4, (4.65), [10] 47.92, (1.14), [10] 134.2, (3.61), [10] 479.2, (11.36), [10]
Serum C68MED water NA | ng/L__| 196000, (NA), [1] 196000, (NA), [1] 48900, (NA), [1] 196000, (NA), [1] 48900, (NA), [1] 137000, (NA), [1] 489000, (NA), [1]
Serum C68HIGH serum F ng/mL_|_595.7, (14.01), [10] 594, (14.49), [10] 148.4, (3.86), [10] 504, (14.49), [10] 148.4, (3.86), [10] 416, (9.66), [10] 1484, (38.64), [10]
Serum C68HIGH serum M| ng/imL | 591, (27.1), [9] 589.44, (27.2), [9] 147.33, (6.86), [9] 589.44, (27.2), [9] 147.33, (6.86), [9] 412.78, (19.04), [9] 1473.33, (68.56), [9]
Serum C68HIGH water NA | nglL__| 422000, (NA), [1] 421000, (NA), [1] 105000, (NA), [1] 421000, (NA), [1] 105000, (NA), [1] 295000, (NA), [1] 1050000, (NA), [1]
Serum FTSLOW serum F ng/imL | 38.06, (1.53), [10] 37.96, (1.53), [10] 9.49, (0.37), [10] 37.96, (1.53), [10] 9.49, (0.37), [10] 26.6, (1.06), [10] 94.91, (3.66), [10]
Serum FTSLOW serum M__| ng/imL | 37.88, (1.5), [10] 37.78, (1.5), [10] 9.45, (0.36), [10] 37.78, (1.5), [10] 9.45, (0.36), [10] 26.48, (1.03), [10] 94.47, (3.58), [10]
Serum FTSLOW water NA | ng/lL__| 78600, (NA), [1] 78400, (NA), [1] 19600, (NA), [1] 78400, (NA), [1] 19600, (NA), [1] 54900, (NA), [1] 196000, (NA), [1]
Serum FTSMED serum F ng/mL | 179.1, (7.31), [10] 178.3, (6.96), [10] 44.6, (1.78), [10] 178.3, (6.96), [10] 44.6, (1.78), [10] 124.9, (4.84), [10] 446, (17.83), [10]
Serum FTSMED serum M__ | ng/imL | 184.8, (7.9), [10] 183.9, (7.71), [10] 46.02, (1.97), [10] 183.9, (7.71), [10] 46.02, (1.97), [10] 128.8, (5.57), [10] 460.2, (19.65), [10]
Serum FTSMED water NA | nglL | 235000, (NA), [1] 235000, (NA), [1] 58600, (NA), [1] 235000, (NA), [1] 58600, (NA), [1] 164000, (NA), [1] 586000, (NA), [1]
Serum FTSHIGH serum F ng/imL_|_602.2, (28.03), [10] 601, (28.16), [10) 150.4, (7.11), [10] 601, (28.16), [10) 150.4, (7.11), [10] 420.5, (19.63), [10] 1504, (71.06), [10]
Serum FTSHIGH serum M__| ng/imL | 596.9, (32.38), [10] 595.5, (32.69), [10] 149, (8.18), [10] 595.5, (32.69), [10] 149, (8.18), [10] 416.8, (22.71), [10] 1490, (81.79), [10]
Serum FTSHIGH water NA | ng/lL__| 401000, (NA), [1] 4e+05, (NA), [1] 1e+05, (NA), [1] 4e+05, (NA), [1] 1e+05, (NA), [1] 280000, (NA), [1] 1e+06, (NA), [1]
Serum Control serum F ng/mL_|_5.88, (2.72), [10] 5.86, (2.73), [10] 1.47, (0.68), [10] 5.86, (2.73), [10] 1.47, (0.68), [10] 4.11, (1.9), [10] 14.65, (6.8), [10]
Serum Control serum M| ngimL | 4.2, (1.24), [10] 4.19, (1.23) [10] 1.05, (0.31), [10] 4.19, (1.23) [10] 1.05, (0.31), [10] 2.94, (0.86), [10] 10.5, (3.1), [10]
Serum Control water NA | nglL__| 42900, (NA), [1] 42800, (NA), [1] 10700, (NA), [1] 42800, (NA), [1] 10700, (NA), [1] 29900, (NA), [1] 107000, (NA), [1]
Serum PFOS Brain F nglg | 3462.86, (566.35), [7] | 3454.29, (564.38), [7] | 864.29, (142.59), [7] | 3454.29, (564.38), [7] | 864.29, (142.59), [7] | 2418.57, (397.17), [7] | 8642.86, (1425.86), [7]
Serum PFOS Brain M_ | nglg | 4008.57, (831.73),[7) | 3998.57, (831.73), [7] | 1000.43, (208.03), [7]| 3998.57, (831.73), [7] | 1000.43, (208.03), [7]] 2801.43, (581.71), [7] | 10004.29, (2080.26), [7]
Serum PFOS Kidney F nglg | 2445.71, (272.63), [7) | 2440, (270.31), [7] 609.86, (67.21), [7] | 2440, (270.31), [7] 609.86, (67.21), [7] | 1708.57, (189.69), [7] | 6098.57, (672.1), [7]
Serum PFOS Kidney M | nglg 1714.29, (207.27), [7] | 1712.86, (206.54), [7] | 428, (51.53), [7] 1712.86, (206.54), [7] | 428, (51.53), [7] 1197.14, (145.23), [7] | 4280, (515.33), [7]
Serum PFOS Liver F nglg 110, (3.32), [7] 109.86, (3.29), [7] 27.41, (0.8), [7] 109.86, (3.29), [7] 27.41, (0.8), [7] 76.81, (2.29), [7] 274.14, (1.97), [7]
Serum PFOS Liver M__ | nglg 110.3, (6.12), [7] 109.97, (5.93), [7] 27.5, (1.48), [7] 109.97, (5.93), [7] 27.5, (1.48), [7] 76.99, (4.19), [7] 275, (14.84), [7]
Serum PFOA Brain F nglg | 2694.29, (617.6), [7] | 2688.57, (614.48), [7] | 672.14, (153.72), [7] | 2688.57, (614.48), [7] | 672.14, (153.72),[7] | 1882.86, (431.85), [7] | 6721.43, (1537.19), [7]
Serum PFOA Brain M__| nglg | 2820, (510.07), [7] 2811.43, (508.9), [7] | 702.86, (127.03), [7] | 2811.43, (508.9), [7] | 702.86, (127.03), [7] | 1968.57, (357.14), [7] | 7028.57, (1270.33), [7]
Serum PFOA Kidney F nglg | 2441.43,(240.72), [7] | 2435.71, (236.7), [7] | 609.14, (59.56), [7] | 2435.71, (236.7), [7] | 609.14, (59.56), [7] | 1702.86, (168.1),[7] | 6091.43, (595.63), [7]
Serum PFOA Kidney M| nglg 1641.43, (226.6), [7] | 1637.14, (225.74), [7] | 409.57, (56.39), [7] | 1637.14, (225.74), [7] | 409.57, (56.39), [7] | 1143.86, (156.44), [7] | 4095.71, (563.85), [7]
Serum PFOA Liver F nglg 108.29, (3.9), [7] 108.14, (3.89), [7] 27.04, (0.98), [7] 108.14, (3.89), [7] 27.04, (0.98), [7] 75.71, (2.67), [7] 270.43, (9.78), [7]
Serum PFOA Liver M_ | nglg 112, (3.65), [7] 111.71, (3.59), [7] 27.94, (0.91), [7] 111.71, (3.59), [7] 27.94, (0.91), [7] 78.23, (2.52), [7] 279.43, (9.05), [7]
Serum PFHXS Brain F nglg | 437.86, (122.51), [7] | 436.71, (121.97). [7] | 109.24, (30.67),[7] | 436.71, (121.97),[7] | 109.24,(30.67),[7] | 305.86, (85.52), [7] 1092.43, (306.66), [7]
Serum PFHXS Brain M| nglg | 412.43, (107.5), [7] 411,57, (107.37), [7] | 102.81, (26.69), [7] | 411.57, (107.37),[7] | 102.81,(26.69), [7] | 288, (74.99),[7] 1028.14, (266.93), [7]
Serum PFHXS Kidney F nglg | 432,57, (59.8), [7] 431.43, (59.66), [7] 107.7, (14.92), [7] 431.43, (59.66), [7] 107.7, (14.92), [7] 302.14, (41.7), [7] 1077, (149.18), [7]
Serum PFHXS Kidney M | nglg | 253.57, (47.88), [7] 252.57, (47.88), [7] 63.17, (12), [7] 252.57, (47.88), [7] 63.17, (12), [7] 177, (33.68), [7] 631.71, (120.04), [7]
Serum PFHXS Liver F nglg 114.29, (3.35), [7] 114.14, (3.34), [7] 28.51, (0.82), [7] 114.14, (3.34), [7] 28.51, (0.82), [7] 79.89, (2.32), [7] 285.14, (8.21), [7]
Serum PFHXS Liver M__ | nglg 113.71, (3.25), [7] 113.57, (3.31), [7] 28.39, (0.79), [7] 113.57, (3.31), [7] 28.39, (0.79), [7) 79.46, (2.23), [7) 283.86, (7.9), [7]
Serum PFHXA Brain F nglg | 5.72, (4.49), [7] 5.71, (4.49), [7] 1.42, (1.12), [7) 5.71, (4.49), [7] 1.42, (1.12), [7) 4, (3.15), [7) 14.24, (11.21), [7]
Serum PFHXA Brain M__| nglg | 3.5,(0.46), [7] 3.49, (0.46), [7] 0.87, (0.12), [7] 3.49, (0.46), [7] 0.87, (0.12), [7] 2.45, (0.32), [7] 8.73, (1.16), [7]
Serum PFHXA Kidney F nglg | 2.73,(0.36), [7] 2.72, (0.36), [7] 0.68, (0.09), [7] 2.72, (0.36), [7] 0.68, (0.09), [7] 1.9, (0.25), [7] 6.8, (0.89), [7]

Serum PFHXA Kidney M__| nglg 1.56, (0.19), [7) 155, (0.19), [7] 0.39, (0.05), [7] 155, (0.19), [7] 0.39, (0.05), [7] 1.09, (0.13), [7] 3.88, (0.47), [7]
Serum PFHXA Liver F nglg | 0.92, (0.45), [7] 0.92, (0.45), [7] 0.23, (0.11), [7] 0.92, (0.45), [7] 0.23, (0.11), [7] 0.64, (0.31), [7] 2.29, (1.12), [7]
Serum PFHXA Liver M__| nglg__| _0.84,(0.26),[7] 0.84, (0.26), [7] 0.21, (0.06), [7] 0.84, (0.26), [7] 0.21, (0.06), [7] 0.59, (0.18), [7] 2.11, (0.64), [7)
Serum 6:2FTS Brain F nglg 178.96, (100.93), [7] | 178.63, (100.64), [7] | 44.64, (25.16), [7] 178.63, (100.64), [7] | 44.64, (25.16), [7] 125.08, (70.54), [7] 446.43,(251.6), [7]
Serum 62 FTS Brain M| nglg | 265.14, (91.62), [7] 264.71, (91.3), [7) 66.16, (22.86), [7] 264.71, (91.3), [7) 66.16, (22.86), [7] 185.29, (63.74), [7] 661.57, (228.56), [7]
Serum 6:2 FTS Kidney F nglg | 67.13, (9.01), [7] 66.97, (8.97), [7] 16.73, (2.26), [7] 66.97, (8.97), [7] 16.73, (2.26), [7] 46.87, (6.28), [7] 167.29, (22.63), [7]
Serum 6:2 FTS Kidney M| nglg | 45.19,(9.6), [7] 45.09, (9.6), [7] 11.27, (2.41), [7] 45.09, (9.6), [7] 11.27, (2.41), [7] 31.57, (6.69), [7] 112.71, (24.06), [7]
Serum 6:2 FTS Liver F nglg_ | 39.61, (0.61), [7] 39.51, (0.61), [7] 9.88, (0.16), [7] 39.51, (0.61), [7] 9.88, (0.16), [7] 27.66, (0.44), [7) 98.8, (1.63), [7]
Serum 6:2 FTS Liver M__| nglg | 39.53,(0.34),[7] 39.43, (0.34), [7) 9.85, (0.08), [7] 39.43, (0.34), [7] 9.85, (0.08), [7) 27.6, (0.23), [7] 98.54, (0.81), [7]
Serum 82 FTS Brain F nglg | 2456.14, (2257.26), [7]| 2448.71, (2250.8), [7] | 612.81, (564.51), [7] | 2448.71, (2250.8), [7] | 612.81, (564.51), [7] | 1712.86, (1575),[7] | 6128.14, (5645.1), [7]
Serum 82 FTS Brain M__| nglg | 558.86, (971.92),[7] | 557, (968.33), [7] 139.33, (242.27), [7] | 557, (968.33), [7] 139.33, (242.27), [7] | 390.56, (679.74), [7] | 1393.29, (2422.68), [7]
Serum 82 FTS Kidney F nalg 146.86, (23.42), [7] 146, (23.17), [7] 36.56, (5.83), [7] 146, (23.17), [7] 36.56, (5.83), [7] 102.27, (16.32), [7] 365.57, (58.3), [7]
Serum 8:2 FTS Kidney M| nglg | 92.34, (13.15), [7] 92.06, (13.02), [7] 23.01, (3.24), [7] 92.06, (13.02), [7] 23.01, (3.24), [7] 64.41, (9.11), [7] 230.14, (32.4), [7]
Serum 8:2 FTS Liver F nglg | 39.04, (1.07), [7] 38.94, (1.07), [7] 9.74, (0.27), [7] 38.94, (1.07), [7] 9.74, (0.27), [7] 27.24,(0.74), [7] 97.39, (2.66), [7]
Serum 8:2 FTS Liver M__| nglg | 39.23,(0.78),[7] 39.13, (0.78), [7] 9.78, (0.18), [7] 39.13, (0.78), [7] 9.78, (0.18), [7) 27.39, (0.53), [7) 97.77, (1.82), [7)
Serum C6:8 Low Brain F nglg | 622.29, (255.62), [7] | 619.71, (252.85), [7] | 155.07, (63.46),[7] | 619.71, (252.85), [7] | 155.07, (63.46),[7] | 434.14, (177.81),[7] | 1550.71, (634.56), [7]
Serum C6:8 Low Brain M__| nglg | 503.43, (136.61), [7] | 502.14, (136.26), [7] | 125.49, (34.29), [7] | 502.14, (136.26), [7] | 125.49, (34.29),[7] | 351.29, (95.42), [7] 1254.86, (342.87), [7)]
Serum C6:8 Low Kidney F nglg | 29.03, (3.53), [7] 28.97, (3.5), [7] 7.24,(0.88), [7] 28.97, (3.5), [7] 7.24,(0.88), [7] 20.29, (2.47), [7] 72.4,(8.81), [7]
Serum C6:8 Low Kidney M_ | nglg 17.13, (1.76), [7] 17.13, (1.76), [7] 4.27, (0.44), [7] 17.13, (1.76), [7] 4.27,(0.44), [7] 11.96, (1.22), [7] 42.74, (4.4), [7]
Serum C6:8 Low Liver F nglg 18.95, (0.4), [10] 18.87, (0.38), [10] 4.72,(0.1), [10] 18.87, (0.38), [10] 4.72, (0.1), [10] 13.22, (0.27), [10] 47.2, (0.98), [10]
Serum C6:8 Low Liver M__| nglg 19.19, (0.37), [10] 19.14, (0.35), [10] 4.79, (0.09), [10] 19.14, (0.35), [10] 4.79, (0.09), [10] 13.41, (0.25), [10] 47.86, (0.89), [10]
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Serum C6:8 Medium | Brain F nglg | 983.57, (65.52), [7] 979.86, (62.72), [7] 245.29, (16.1), [7] 979.86, (62.72), [7] 245.29, (16.1), [7] 686.57, (44.89), [7] 2452.86, (161.01), [7]
Serum C6:8 Medium | Brain M| nglg 1074.71, (95.24), [7] | 1073.57, (96.64), [7] | 268.29, (24.28), [7] | 1073.57, (96.64), [7] | 268.29, (24.28), [7] | 751.43, (67.36), [7] 2682.86, (242.81), [7]
Serum C6:8 Medium |_Kidney F nglg 137.14, (18.65), [7] 136.86, (18.49), [7] 34.19, (4.68), [7 136.86, (18.49), [7] 34.19, (4.68), [7 95.71, (13.09), [7] 341.86, (46.79), [7]
Serum C6:8 Medium |_Kidney M| nglg | 86.87, (12.94), [7] 86.69, (12.98), [7] 21.67, (3.25), [7 86.69, (12.98), [7] 21.67, (3.25), [7 60.69, (9.08), [7] 216.71, (32.46), [7]
Serum C6:8 Medium | _Liver F nglg | 38.04, (0.91), [10] 37.95, (0.89), [10] 9.49, (0.22), [10 37.95, (0.89), [10] 9.49, (0.22), [10 26.56, (0.63), [10] 94.87, (2.24), [10]
Serum C6:8 Medium | Liver M_ | nglg | 38.36,(0.9), [10] 38.27, (0.9), [10] 9.57, (0.23), [10] 38.27, (0.9), [10] 9.57, (0.23), [10] 26.79, (0.63), [10] 95.68, (2.26), [10]
Serum C6:8 High Brain F nglg | 5994.29, (579.48), [7] | 5984.29, (579.48), [7] | 1497.14, (144.19), [7]| 5984.29, (579.48), [7] | 1497.14, (144.19), [7]| 4187.14, (405), [7] 14971.43, (1441.89), [7]
Serum C6:8 High Brain M_ | nglg | 5095.71, (2707.39), [7]|_5085.71, (2711.39), [7]|_1270.29, (674.45), [7]| 5085.71, (2711.39), [7]| 1270.29, (674.45), [7]| 3554.29, (1888.31), [7]_12702.86, (6744.54), [7]
Serum C6:8 High Kidney F nglg 141.86, (19.07), [7] 141.57, (18.86), [7] 35.39, (4.7), [7] 141.57, (18.86), [7] 35.39, (4.7), [7] 99.14, (13.28), [7] 353.86, (47.01), [7]
Serum C6:8 High Kidney M__| nglg | 885, (10.15), [7] 88.33, (10.2), [7) 22.07, (2.53), [7] 88.33, (10.2), [7] 22.07, (2.53), [7] 61.83, (7.11), [7] 220.71, (25.34), [7]
Serum C6:8 High Liver F nglg | 38.91, (1.12), [10] 38.81, (1.12), [10] 9.71, (0.29), [10] 38.81, (1.12), [10] 9.71, (0.29), [10] 27.17, (0.8), [10] 97.06, (2.86), [10]
Serum C6:8 High Liver M_ | nglg | 38.2, (1.1), 9] 38.11, (1.1), [9] 9.52, (0.27), [9] 38.11, (1.1), [9] 9.52, (0.27), [9] 26.68, (0.79), [9] 95.19, (2.7), [9]

Serum FTS Low Brain F nglg | 548.14, (246.54), [7] | 547, (246.81),[7] 136.77, (61.83), [7] | 547, (246.81), [7] 136.77, (61.83),[7] | 383, (173.13), [7] 1367.71, (618.28), [7]
Serum FTS Low Brain M__| nglg 1022.43, (415.48), [7] | 1018.43, (412.52), [7] | 254.71, (103.33), [7] | 1018.43, (412.52), [7] | 254.71, (103.33), [7] | 712.57, (287.93), [7] | 2547.14, (1033.32), [7]
Serum FTS Low Kidney F nglg | 7153, (5.78), [7 71.36, (5.76), [7) 17.83, (1.43), [7) 71.36, (5.76), [7] 17.83, (1.43), [7) 49.94, (4.02), [7 178.29, (14.28), [7
Serum FTS Low Kidney M | nglg | 42.89,(6.78), [7 42.79, (6.78), [7] 10.7, (1.7), [7] 42.79, (6.78), [7] 10.7, (1.7), [7] 29.94, (4.73), [7 107.01, (16.99), [7
Serum FTS Low Liver F nglg 19.1, (0.37), [10 19.04, (0.35), [10] 4.76, (0.09), [10] 19.04, (0.35), [10] 4.76, (0.09), [10] 13.34, (0.24), [10] 47.6, (0.89), [10]
Serum FTS Low Liver M | nolg 19.02, (0.42), [10] 18.98, (0.43), [10] 4.75, (0.1), [10] 18.98, (0.43), [10] 4.75, (0.1), [10] 13.28, (0.3), [10] 47.46, (1.03), [10]
Serum FTS Medium | Brain F nglg 176.71, (75.81), [7] 176.14, (75.67), [7] 44.03, (18.88), [7] 176.14, (75.67), [7] 44.03, (18.88), [7] 123.26, (52.85), [7] 440.29, (188.79), [7]
Serum FTS Medium | Brain M | nalg | 231 (93.36),[7] 230.43, (93.08), [7] 57.6, (23.29), [7] 230.43, (93.08), [7] 57.6, (23.29), [7] 161.2, (65.25), [7] 576, (232.93), [7]
Serum FTS Medium | Kidney F nglg | 69.89, (7.94), [7] 69.7, (7.93), [7] 17.41, (2), [7] 69.7, (7.93), [7] 17.41, (2), [7] 48.8, (5.57), [7] 174.14, (19.97), [7]
Serum FTS Medium | Kidney M| nglg | 44.13,(7.02), 7] 43.99, (6.99), [7] 11, (1.75), [7] 43.99, (6.99), [7] 11, (1.75), [7] 30.81, (4.9), [7) 109.99, (17.54), [7]
Serum FTS Medium | _Liver F nglg 19.18, (0.38), [10] 19.14, (0.36), [10] 4.79, (0.09), [10] 19.14, (0.36), [10] 4.79, (0.09), [10] 13.39, (0.26), [10] 47.87, (0.93), [10]
Serum FTS Medium | Liver M| nolg 19.11, (0.59), [10] 19.05, (0.58), [10] 4.77,(0.15), [10] 19.05, (0.58), [10] 4.77,(0.15), [10] 13.32, (0.4), [10] 47.65, (1.47), [10]
Serum FTS High Brain F nglg | 255.43, (133.22), [7] | 254.86, (132.81), [7] | 63.7, (33.18), [] 254.86, (132.81), [7] | 63.7, (33.18), [7] 178.16, (93.01), [7] 637, (331.78), [7]
Serum FTS High Brain M | nglg | 232.86, (63.97), [7] 232.29, (63.8), [7)] 58.07, (15.94), [7] 232.29, (63.8), [7)] 58.07, (15.94), [7] 162.71, (44.7), [7] 580.71, (159.43), [7]
Serum FTS High Kidney F nglg 138.14, (26.34), [7] 138, (26.42), [7] 34.49, (6.63), [7] 138, (26.42), [7] 34.49, (6.63), [7] 96.4, (18.35), [7] 344.86, (66.32), [7]
Serum FTS High Kidney M__| nglg | 87.49, (11.13), [7] 87.17, (10.89), [7] 21.8, (2.74), [7] 87.17, (10.89), [7] 21.8, (2.74), [7) 61.06, (7.69), [7) 218, (27.38), [7)
Serum FTS High Liver F nglg | 38.92, (0.68), [10] 38.83, (0.68), [10] 9.71, (0.17), [10] 38.83, (0.68), [10] 9.71, (0.17), [10] 27.18, (0.47), [10] 97.07, (1.68), [10]
Serum FTS High Liver M_ | nglg | 38.93, (1.02), [10] 38.84, (1.02), [10] 9.7, (0.25), [10] 38.84, (1.02), [10] 9.7, (0.25), [10] 27.18, (0.7), [10] 97.05, (2.54), [10]
Serum Control Brain F nglg | 2.67, (0.52), [7] 2.67, (0.52), [7] 0.67, (0.13), [7] 2.67, (0.52), [7] 0.67, (0.13), [7] 1.86, (0.36), [7] 6.66, (1.3), [7]

Serum Control Brain M_ | nglg | 2.44,(0.21), [7] 2.43,(0.21), [7) 0.61, (0.05), [7] 2.43,(0.21), [7) 0.61, (0.05), [7] 1.7, (0.15), [7] 6.08, (0.53), [7]
Serum Control Kidney F nglg | 3.2, (0.28), [7] 3.19, (0.28), [7) 0.8, (0.07), [7] 3.19, (0.28), [7] 0.8, (0.07), [7] 2.23,(0.2), [7] 7.98, (0.71), [7)
Serum Control Kidney M| nglg 1.74, (0.17), [7) 1.73, (0.17), [7] 0.43, (0.04), [7] 1.73, (0.17), [7) 0.43, (0.04), [7] 1.21, (0.12), [7] 4.33,(0.43), [7]
Serum Control Liver F nglg | _0.67, (0.08), [7] 0.66, (0.08), [7] 0.17, (0.02), [7] 0.66, (0.08), [7] 0.17, (0.02), [7] 0.46, (0.05), [7] 1.66, (0.2), [7]

Serum Control Liver M_ | nglg | 0.49,(0.03), [7] 0.49, (0.03), [7) 0.12, (0.01), [7] 0.49, (0.03), [7] 0.12, (0.01), [7] 0.38, (0.08), [7] 1.22, (0.08), [7]

Table SI3.5. Table S8.3 continued.

Study Treatment Sample Type| Sex [ Units N-MeFOSA N-MeFOSE NFDHA PFBA PFBS PFDA PFDoA
Wholebody | PFOS water NA [ ng/L 213000, (NA), [1] 2130000, (NA), [1] 425000, (NA), [1] 850000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 170000, (NA), [1]
Wholebody | PFOS wholebody F ng/g 0.49, (0.01), [20] 4.89, (0.07), [20] 0.98, (0.01), [20] 2.24, (0.61), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.39, (0.01), [20]
Wholebody | PFOS wholebody M ng/g 0.49, (0.01), [20] 4.91, (0.07), [20] 0.98, (0.01), [20] 1.96, (0.03), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.39, (0.01), [20]
Wholebody | PFOA water NA | ng/L 201000, (NA), [1] 2010000, (NA), [1] 402000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 161000, (NA), [1]
Wholebody | PFOA wholebody F ng/g 0.09, (0), [10] 0.94, (0.03), [9] 0.24, (0.1), [10] 0.48, (0.15), [10] 0.09, (0), [10] 0.1, (0), [10] 0.08, (0), [10]
Wholebody | PFOA wholebody M ng/g 0.09, (0), [9] 0.94, (0.03), [5] 0.19, (0), [9] 0.47, (0.18), [9] 0.09, (0), [9] 0.09, (0), [9] 0.08, (0), [9]
Wholebody | PFHxS water NA [ ng/L 178000, (NA), [1] 1780000, (NA), [1] 357000, (NA), [1] 714000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 143000, (NA), [1]
Wholebody | PFHxS wholebody F ng/g 7.65, (0.26), [10] 76.3, (2.94), [8] 54.57, (39.59), [7] 200.5, (119.5), [2] 7.64, (0.28), [9] 16.26, (12.82), [10] 6.12, (0.21), [10]
Wholebody | PFHxS wholebody M ng/g 7.63, (0.34), [10] 76.33, (3.39), [10] 52.63, (40.11), [9] 196.43, (55.02), [7] 7.63, (0.34), [10] 8.75, (3.51), [10] 6.11, (0.27), [10]
Wholebody | PFHxA water NA | ng/L 215000, (NA), [1] 2150000, (NA), [1] 430000, (NA), [1] 860000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 172000, (NA), [1]
Wholebody | PFHxA wholebody F ng/g 0.18, (0.01), [10] 1.83, (0.06), [10] 0.45, (0.27), [10] 0.73, (0.02), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.15, (0.01), [10]
Wholebody | PFHxA wholebody M ng/g 0.18, (0.01), [10] 1.84, (0.08), [10] 0.37, (0.02), [10] 0.74, (0.03), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.15, (0.01), [10]
Wholebody | PFNA water NA [ ng/L 210000, (NA), [1] 2100000, (NA), [1] 419000, (NA), [1] 839000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 168000, (NA), [1]
Wholebody | PFNA wholebody F ng/g 7.54, (0.37), [10] 75.37, (3.73), [10] 15.06, (0.74), [10] 49.97, (30.98), [10] 7.54, (0.37), [10] 7.54, (0.37), [10] 6.03, (0.3), [10]
Wholebody | PFNA wholebody M ng/g 7.52, (0.39), [10] 75.18, (3.9), [10] 15.03, (0.78), [10] 31.76, (4.71), [10] 7.52, (0.39), [10] 7.52, (0.39), [10] 6.01, (0.31), [10]
Wholebody | PFBS water NA | ng/L 183000, (NA), [1] 1830000, (NA), [1] 366000, (NA), [1] 733000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 147000, (NA), [1]
Wholebody | PFBS wholebody F ng/g 1.9, (0.08), [10] 18.98, (0.79), [10] 3.8, (0.16), [10] 7.6, (0.31), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.52, (0.06), [10]
Wholebody | PFBS wholebody M ng/g 1.87, (0.07), [10] 18.72, (0.69), [10] 3.75, (0.14), [10] 10.03, (3.2), [10] 1.87, (0.07), [10] 1.87, (0.07), [10] 1.5, (0.06), [10]
Wholebody | 6:2 FTS water NA | ng/L 53200, (NA), [1] 532000, (NA), [1] 106000, (NA), [1] 213000, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 42600, (NA), [1]
Wholebody | 6:2 FTS wholebody F ng/g 0.1, (0), [10] 0.96, (0.03), [10] 0.19, (0.01), [10] 0.38, (0.01), [10] 0.1, (0), [10] 0.1, (0), [10] 0.08, (0), [10]
Wholebody | 6:2 FTS wholebody M ng/g 0.09, (0), [9] 0.94, (0.03), [10] 0.19, (0.01), [10] 0.38, (0.03), [10] 0.09, (0), [10] 0.09, (0), [10] 0.08, (0), [10]
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Wholebody | 8:2 FTS water NA | ng/lL | 51700, (NA), [1] 517000, (NA), [1] 103000, (NA), [1] 207000, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 41400, (NA), [1]
Wholebody | 8:2 FTS wholebody | F nglg | 0.1, (0), [9] 0.96, (0.03), [9] 0.2, (0.04), [9] 0.45, (0.1), [9] 0.1, (0), [9] 0.1, (0), [9] 0.08, (0), [9]
Wholebody | 8:2 FTS wholebody | M__ | ng/g | 0.1, (0), [11] 0.98, (0.05), [11] 0.23, (0.09), [11] 0.47, (0.21), [11] 0.1, (0), [11] 0.1, (0), [11] 0.08, (0), [11]
Wholebody | C68LOW water NA | ng/ll__| 19200, (NA), [1] 192000, (NA), [1] 38500, (NA), [1] 76900, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 15400, (NA), [1]
Wholebody | C68LOW wholebody | F nglg 1.91, (0.07), [10] 19.05, (0.66), [10] 7.45, (3.55), [10] 48.41, (24.92), (8] 1.91, (0.07), [10] 2, (0.15), [10] 1.52, (0.05), [10]
Wholebody | C68LOW wholebody | M__ | nglg 1.91, (0.07), [10] 19.08, (0.71), [10] 5.79, (2.82), [10] 35.65, (10), [10] 1.91, (0.07), [10] 1.96, (0.14), [10] 1.53, (0.06), [10]
Wholebody | C68MED water NA | nglL | 109000, (NA), [1] 1090000, (NA), [1] 219000, (NA), [1] 437000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 87500, (NA), [1]
Wholebody | C68MED wholebody | F nglg 1.95, (0.06), [10] 19.53, (0.55), [10] 3.92, (0.12), [10] 18.89, (9.47), [10] 1.95, (0.06), [10] 1.95, (0.06), [10] 1.56, (0.04), [10]
Wholebody | C6BMED wholebody | M__| nglg 1.95, (0.04), [9 19.53, (0.35), [9] 3.9, (0.07), [9] 12.41, (6.81), [9] 1.95, (0.04), [9 1.95, (0.04), [9 1.56, (0.03), [9]
Wholebody | C68HIGH water NA | ng/lL | 111000, (NA), [1] 1110000, (NA), [1] 221000, (NA), [1] 442000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 88500, (NA), [1]
Wholebody | C68HIGH wholebody | F nglg | 6.72, (0.4), [10 67.18, (4.05), [10] 13.41, (0.8), [10] 37.57, (13.29), [10] 6.72, (0.4), [10 6.72, (0.4), [10 5.37, (0.32), [10]
Wholebody | C68HIGH wholebody | M__| ng/g | 7.08, (0.56), [10] 70.77, (5.61), [10] 14.38, (1.17), [10] 35.23, (19.73), [10] 7.08, (0.56), [10] 7.08, (0.56), [10] 5.66, (0.45), [10]
Wholebody | FTSLOW water NA | nglL | 17100, (NA), [1] 171000, (NA), [1] 34200, (NA), [1] 68400, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 13700, (NA), [1]
Wholebody | FTSLOW wholebody | F nglg | 3.83, (0.17), [10] 38.27, (1.67), [10] 7.66, (0.33), [10] 15.3, (0.67), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 3.06, (0.13), [10]
Wholebody | FTSLOW wholebody | M__| nglg | 3.76,(0.16), [10] 37.62, (1.61), [10] 7.53, (0.32), [10] 15.05, (0.64), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.01, (0.13), [10]
Wholebody | FTSMED water NA | ngll__| 53400, (NA), [1] 534000, (NA), [1] 107000, (NA), [1] 214000, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 42700, (NA), [1]
Wholebody | FTSMED wholebody | F nglg 1.88, (0.09), [10] 18.83, (0.89), [10] 3.77, (0.18), [10] 7.53, (0.36), [10] 1.88, (0.09), [10] 1.88, (0.09), [10] 1.51, (0.07), [10]
Wholebody | FTSMED wholebody | M__ | ng/g 1.9, (0.08), [10] 18.95, (0.76), [10] 3.79, (0.15), [10] 7.58, (0.3), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.52, (0.06), [10]
Wholebody | FTSHIGH water NA | nglL__| 108000, (NA), [1] 1080000, (NA), [1] 216000, (NA), [1] 432000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 86400, (NA), [1]
Wholebody | FTSHIGH wholebody | F nglg | 6.64, (0.43), [10] 66.42, (4.29), [10] 13.29, (0.87), [10] 55.2, (32.72), [10] 6.64, (0.43), [10] 6.64, (0.43), [10] 5.31, (0.34), [10]
Wholebody | FTSHIGH wholebody | M__| nglg | 6.75, (0.45), [10] 67.47, (4.48), [10] 13.49, (0.91), [10] 26.99, (1.79), [10] 6.75, (0.45), [10] 6.75, (0.45), [10] 5.39, (0.36), [10]
Wholebody | Control water NA | ng/lL | 11100, (NA), [1] 111000, (NA), [1] 22200, (NA), [1] 44400, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 8890, (NA), [1]
Wholebody |_Control wholebody | F nglg_ | 0.1, (0), [10] 0.97, (0.03), [6] 0.49, (0.48), [10] 0.63, (0.31), [10] 0.1, (0), [10] 0.11, (0.02), [10] 0.08, (0), [10]
Wholebody | Control wholebody | M| ng/g | 0.1, (0), [10] 0.99, (0.01), [6] 0.84, (0.54), [10] 0.88, (0.21), [10] 0.1, (0), [10] 0.13, (0.06), [10] 0.08, (0), [10]
Serum PFOS serum F ng/mL | 18.19, (1.02), [10] 181.9, (10.25), [10] 36.37, (2.05), [10] 72.71, (4.11), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 14.54, (0.83), [10]
Serum PFOS serum M__ | ng/imL | 16.67, (1.99), [9] 166.67, (19.89), [9] 33.28, (3.96), [9] 66.56, (7.97), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 13.31, (1.6), [9]
Serum PFOS water NA | ng/lL | 95500, (NA), [1] 955000, (NA), [1] 191000, (NA), [1] 382000, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 76400, (NA), [1]
Serum PFOA serum F ng/mL_|_0.98, (0.04), [10] 9.81, (0.38), [10] 1.96, (0.08), [10] 3.93, (0.16), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.79, (0.03), [10]
Serum PFOA serum M__| ng/mL | 0.98, (0.04), [10] 9.81, (0.36), [10] 1.96, (0.07), [10] 3.93, (0.14), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.78, (0.03), [10]
Serum PFOA water NA | ng/lL | 199000, (NA), [1] 1990000, (NA), [1] 398000, (NA), [1] 797000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 159000, (NA), [1]
Serum PFHXS serum F ng/imL | 1.11, (0.29), [10] 11.15, (2.92), [10] 2.23, (0.59), [10] 4.46, (1.17), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 0.89, (0.23), [10]
Serum PFHXS serum M__ | ng/imL | 1.09, (0.21), [10] 10.87, (2.08), [10] 2.17, (0.42), [10] 4.35, (0.83), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 0.87, (0.17), [10]
Serum PFHXS water NA | ng/lL | 211000, (NA), [1] 2110000, (NA), [1] 422000, (NA), [1] 843000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 169000, (NA), [1]
Serum PFHXA serum F ng/imL_|_1.03, (0.11), [9] 10.29, (1.06), [9] 2.06, (0.21), (9] 4.12, (0.42), (9] 1.03, (0.11), [9] 1.03, (0.11), [9] 0.82, (0.08), [9]
Serum PFHXA serum M__| ng/imL | _1.06, (0.14), [10] 10.62, (1.43), [10] 2.13, (0.29), [10] 4.26, (0.57), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 0.85, (0.11), [10]
Serum PFHXA water NA | nglL | 204000, (NA), [1] 2040000, (NA), [1] 407000, (NA), [1] 815000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 163000, (NA), [1]
Serum PENA serum F ng/imL_|_148.6, (4.99), [10] 1486, (49.93), [10] 297.2, (9.45), [10] 594.4, (19.41), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 118.9, (3.84), [10]
Serum PENA serum M| ng/mL | 144, (6.46), [10] 1440, (64.64), [10] 287.6, (13.17), [10] 575.5, (26.25), [10] 144, (6.46), [10] 144, (6.46), [10] 115.2, (5.16), [10]
Serum PENA water NA | ng/lL__| 184000, (NA), [1] 1840000, (NA), [1] 368000, (NA), [1] 737000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 147000, (NA), [1]
Serum PFBS serum F ng/imL_|_1.22, (0.39), [10] 12.16, (3.89), [10] 2.43, (0.78), [10] 4.87, (1.56), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 0.97, (0.31), [10]
Serum PFBS serum M__| ng/imL | 1.18, (0.52), [10] 11.85, (5.18), [10] 2.37, (1.03), [10] 4.74,(2.07), [10] 2.56, (1.89), [16] 1.18, (0.52), [10] 0.95, (0.41), [10]
Serum PFBS water NA | ng/lL | 201000, (NA), [1] 2010000, (NA), [1] 402000, (NA), [1] 805000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 161000, (NA), [1]
Serum 6:2 FTS serum F ng/imL_|_0.85, (0.22), [10] 8.5, (2.16), [10] 1.7, (0.43), [10] 3.4, (0.87), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.68, (0.17), [10]
Serum 6:2 FTS serum M__| ng/mL | 0.86, (0.23), [10] 8.6, (2.31), [10] 1.72, (0.46), [10] 3.44, (0.93), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.69, (0.19), [10]
Serum 6:2FTS water NA | ng/lL__| 47000, (NA), [1] 470000, (NA), [1] 93900, (NA), [1] 188000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 37600, (NA), [1]
Serum 82 FTS serum F ng/imL_|_0.86, (0.24), [10] 8.62, (2.42), [10] 1.72, (0.49), [10] 3.45, (0.97), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.69, (0.19), [10]
Serum 82 FTS serum M__| ng/mL | 0.74, (0.16), [10] 7.44,(1.6), [10] 1.49, (0.32), [10] 2.98, (0.64), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.6, (0.13), [10]
Serum 8:2 FTS water NA | ng/lL | 50500, (NA), [1] 505000, (NA), [1] 101000, (NA), [1] 202000, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 40400, (NA), [1]
Serum C68LOW serum F ng/imL_|_9.54, (0.45), [10] 95.41, (4.52), [10] 19.09, (0.91), [10] 38.17, (1.85), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 7.64, (0.36), [10]
Serum C68LOW serum M__| ng/imL | 9.8, (0.43), [10] 98.02, (4.32), [10] 19.64, (0.91), [10] 39.28, (1.83), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 7.85, (0.36), [10]
Serum C68LOW water NA | ng/lL__| 20200, (NA), [1] 202000, (NA), [1] 40400, (NA), [1] 80800, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 16200, (NA), [1]
Serum C68MED serum F ng/imL_|_47.97, (2.17), [10] 479.7, (21.73), [10] 95.8, (4.21), [10] 191.7, (8.84), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 38.34, (1.77), [10]
Serum C68MED serum M__| ngimL | 47.92, (1.14), [10] 479.2, (11.36), [10] 95.74, (2.27), [10] 191.4, (4.65), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 38.28, (0.93), [10]
Serum C68MED water NA | ng/lL | 48900, (NA), [1] 489000, (NA), [1] 97800, (NA), [1] 196000, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 39100, (NA), [1]
Serum C68HIGH serum F ng/imL_|_148.4, (3.86), [10] 1484, (38.64), [10] 297.2, (6.76), [10] 594, (14.49), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 118.8, (2.9), [10]
Serum C68HIGH serum M__| ng/imL | 147.33, (6.86), [9] 1473.33, (68.56), [9] 294.78, (13.51), [9] 589.44, (27.2), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 117.89, (5.28), [9]
Serum C68HIGH water NA | ng/lL | 105000, (NA), [1] 1050000, (NA), [1] 211000, (NA), [1] 421000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 84200, (NA), [1]
Serum FTSLOW serum F ng/imL_|_9.49, (0.37), [10] 94.91, (3.66), [10] 18.98, (0.76), [10] 37.96, (1.53), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 7.6, (0.3), [10]
Serum FTSLOW serum M__| ng/imL | 9.45, (0.36), [10] 94.47, (3.58), [10] 18.89, (0.75), [10] 37.78, (1.5), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 7.56, (0.29), [10]
Serum FTSLOW water NA | ng/lL | 19600, (NA), [1] 196000, (NA), [1] 39200, (NA), [1] 78400, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 15700, (NA), [1]
Serum FTSMED serum F ng/mL_|_44.6, (1.78), [10] 446, (17.83), [10] 89.2, (3.56), [10] 178.3, (6.96), [10] 44,6, (1.78), [10] 44,6, (1.78), [10] 35.65, (1.4), [10]
Serum FTSMED serum M__| ng/imL | _46.02, (1.97), [10] 460.2, (19.65), [10] 92, (3.88), [10] 183.9, (7.71), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 36.77, (1.56), [10]
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Serum FTSMED water NA | ng/lL__ | 58600, (NA), [1] 586000, (NA), [1] 117000, (NA), [1] 235000, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 46900, (NA), [1]
Serum FTSHIGH serum F ng/imL_|_150.4, (7.11), [10] 1504, (71.06), [10] 300.2, (13.96), [10] 601, (28.16), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 120.2, (5.49), [10]
Serum FTSHIGH serum M__| ng/imL | 149, (8.18), [10] 1490, (81.79), [10] 297.6, (16.14), [10] 595.5, (32.69), [10] 149, (8.18), [10] 149, (8.18), [10] 119.1, (6.4), [10]
Serum FTSHIGH water NA | nglL | 1e+05, (NA), [1] 1e+06, (NA), [1] 2e+05, (NA), [1] 4e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 80000, (NA), [1]
Serum Control serum F ng/imL_|_1.47, (0.68), [10] 14.65, (6.8), [10] 2.93, (1.36), [10] 5.86, (2.73), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.17, (0.54), [10]
Serum Control serum M__ | ng/mL | 1.05, (0.31), [10] 10.5, (3.1), [10] 2.1, (0.62), [10] 4.19, (1.23), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 0.84, (0.25), [10]
Serum Control water NA | ng/lL | 10700, (NA), [1] 107000, (NA), [1] 21400, (NA) [1] 42800, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 8560, (NA), [1]
Serum PFOS Brain F nglg | 864.29, (142.59), [7] | 8642.86, (1425.86), [7] | 1725.71, (283.25), [7] | 3454.29, (564.38), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 691, (112.89). [7
Serum PFOS Brain M| nglg 1000.43, (208.03), [7]|_10004.29, (2080.26), [7]_2001.43, (413.9), [7] | 3998.57, (831.73), [7] | 1000.43, (208.03), [7]| 1000.43, (208.03), [7]| 800.14, (166.1), [7
Serum PFOS Kidney F nglg | 609.86, (67.21),[7] | 6098.57, (672.1), [7] 1218.57, (133.22), [7] | 2440, (270.31), [7] 609.86, (67.21), [7] | 609.86, (67.21), [7] | 487.71, (54.03), [7
Serum PFOS Kidney M__| nglg | 428, (51.53),[7] 4280, (515.33), [7] 855.29, (101.72), [7] | 1712.86, (206.54), [7] | 428, (51.53), [7] 428, (51.53), [7] 342.43, (40.97), [7
Serum PFOS Liver F nglg | 27.41,(0.8), [7] 274.14, (1.97), [7] 54.87, (1.64), [7] 109.86, (3.29), [7] 27.41, (0.8), [7] 27.41, (0.8), [7] 21.94, (0.65), [7]
Serum PFOS Liver M_ | nglg | 27.5,(1.48), [7] 275, (14.84),[7] 54.97, (3.01), [7] 109.97, (5.93), [7] 27.5, (1.48), [7] 27.5, (1.48), [7] 21.99, (1.2), [7]
Serum PFOA Brain F nglg | 672.14, (153.72), [7] | 6721.43, (1537.19), [7] | 1345, (307.37), [7] 2688.57, (614.48), [7] | 672.14, (153.72), [7] | 672.14, (153.72), [7] | 537.57, (123.03), [7]
Serum PFOA Brain M__| nglg | 702.86, (127.03), [7] | 7028.57, (1270.33), [7) | 1404.29, (252.84), [7] | 2811.43, (508.9), [7] | 702.86, (127.03), [7) | 702.86, (127.03), [7] | 562.29, (101.34), [7]
Serum PFOA Kidney F nglg | 609.14, (59.56), [7] | 6091.43, (595.63), [7] | 1219.86, (119.9),[7] | 2435.71, (236.7), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 487.14, (47.61), [7]
Serum PFOA Kidney M__| nglg | 409.57, (56.39), [7] | 4095.71, (563.85), [7] | 818.86, (112.11), [7] | 1637.14, (225.74), [7] | 409.57, (56.39), [7] | 409.57, (56.39), [7] | 327.57, (44.77), [7]
Serum PFOA Liver F nglg | 27.04, (0.98), [7] 270.43, (9.78), [7] 54.09, (1.91), [7] 108.14, (3.89), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 21.63, (0.77), [7]
Serum PFOA Liver M | nglg | 27.94,(0.91),[7] 279.43, (9.05), [7] 55.86, (1.77), [7] 111.71, (3.59), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 22.33, (0.73), [7]
Serum PFHXS Brain F nglg 109.24, (30.67), [7] | 1092.43, (306.66), [7] | 218.43, (61.06), [7] 436.71, (121.97), [7] | 109.24, (30.67), [7] | 109.24, (30.67), [7] | 87.4, (24.55), [7]
Serum PFHXS Brain M| nglg 102.81, (26.69), [7] | 1028.14, (266.93), [7] | 205.57, (53.78), [7] 411.57, (107.37), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 82.23, (21.35), [7]
Serum PFHXS Kidney F nglg 107.7, (14.92), [7] 1077, (149.18), [7] 216, (29.78), [7] 431.43, (59.66), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 86.33, (11.93), [7)
Serum PFHXS Kidney M| nglg | 63.17, (12),[7] 631.71, (120.04), [7] 126.23, (23.94), [7] 252.57, (47.88), [7)] 63.17, (12), [7] 63.17, (12), [7] 50.53, (9.6), [7]
Serum PFHXS Liver F nglg | 28.51, (0.82), [7] 285.14, (8.21), [7] 57.07, (1.69), [7] 114.14, (3.34), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 22.81, (0.67), [7]
Serum PFHXS Liver M_ | nglg | 28.39,(0.79),[7] 283.86, (7.9), [7] 56.76, (1.6), [7] 113.57, (3.31), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 22.7, (0.63), [7]
Serum PFHXA Brain F nglg 1.42, (1.12), [7] 14.24, (11.21), [7] 2.85, (2.24), [7] 5.71, (4.49), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.14, (0.9), [7]
Serum PFHXA Brain M| nglg | 0.87,(0.12), [7] 8.73, (1.16), [7] 1.75, (0.23), [7) 3.49, (0.46), [7] 0.87, (0.12), [7] 0.87, (0.12), [7] 0.7, (0.09), [7]
Serum PFHXA Kidney F nglg | 0.68, (0.09), [7] 6.8, (0.89), [7] 1.36, (0.18), [7) 2.72, (0.36), [7] 0.68, (0.09), [7] 0.68, (0.09), [7] 0.54, (0.07), [7]
Serum PFHXA Kidney M__| nglg_ | 0.39, (0.05), [7] 3.88, (0.47), [7] 0.78, (0.09), [7] 1.55, (0.19), [7) 0.39, (0.05), [7] 0.39, (0.05), [7] 0.33, (0.06), [7]
Serum PFHXA Liver F nglg | 0.23,(0.11), [7] 2.29, (1.12), [7] 0.46, (0.22), [7] 0.92, (0.45), [7] 0.23, (0.11), [7] 0.23, (0.11), [7] 0.18, (0.09), [7]
Serum PFHxXA Liver M_ | nglg | 0.21,(0.06), [7] 2.11, (0.64), [7] 0.42, (0.13), [7] 0.84, (0.26), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.17, (0.05), [7]
Serum 6:2 FTS Brain F nglg | 44.64, (25.16), [7] 446.43, (251.6), [7] 89.23, (50.24), [7] 178.63, (100.64), [7] | 44.64, (25.16), [7] 44.64, (25.16), [7] 35.72, (20.14), [7]
Serum 6:2FTS Brain M| nglg | 66.16, (22.86), [7) 661.57, (228.56), [7] 132.33, (45.67), [7] 264.71, (91.3), [7] 66.16, (22.86), [7] 66.16, (22.86), [7] 52.93, (18.24), [7)
Serum 6:2FTS Kidney F nglg 16.73, (2.26), [7] 167.29, (22.63), [7] 33.49, (4.48), [7] 66.97, (8.97), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 134, (1.8), [7]
Serum 6:2FTS Kidney M__| nalg 11.27, (2.41), [7) 112.71, (24.06), [7] 22.54, (4.76), [7] 45.09, (9.6), [7] 11.27, (2.41), [7] 11.27, (2.41), [7] 9.02, (1.91), [7]
Serum 6:2 FTS Liver F nglg | 9.88, (0.16), [7] 98.8, (1.63), [7] 19.76, (0.33), [7] 39.51, (0.61), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 7.9, (0.12), [7]
Serum 6:2 FTS Liver M__| nglg__| _9.85,(0.08),[7] 98.54, (0.81), [7] 19.7, (0.18), [7] 39.43, (0.34), [7] 9.85, (0.08), [7] 9.85, (0.08), [7] 7.88, (0.06), [7]
Serum 82 FTS Brain F nglg | 612.81, (564.51), [7] | 6128.14, (5645.1), [7] | 1225.71, (1125.43), [7]] 2448.71, (2250.8), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 489.44, (449.49), [7]
Serum 82 FTS Brain M| nalg 139.33, (242.27), [7) | 1393.29, (2422.68), [7] | 279.21, (486.05),[7] | 557, (968.33), [7] 139.33, (242.27), [7) | 139.33, (242.27), [7] | 111.54, (194.04), [7]
Serum 82 FTS Kidney F nglg | 36.56, (5.83), [7] 365.57, (58.3), [7] 73.1, (11.64), [7] 146, (23.17), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 29.23, (4.64), [7]
Serum 82 FTS Kidney M__ | nglg | 23.01,(3.24),[7] 230.14, (32.4), [7] 46.01, (6.53), [7] 92.06, (13.02), [7] 23.01, (3.24), [7] 23.01, (3.24), [7] 18.43, (2.6), [7]
Serum 8:2 FTS Liver F nglg | 9.74, (0.27), [7] 97.39, (2.66), [7] 19.5, (0.52), [7] 38.94, (1.07), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 7.79, (0.21), [7]
Serum 82 FTS Liver M__| nglg__| 9.78,(0.18),[7] 97.77, (1.82), [7] 19.57, (0.38), [7] 39.13, (0.78), [7] 9.78, (0.18), [7] 9.78, (0.18), [7] 7.83, (0.15), [7)
Serum C6:8 Low Brain F nglg 155.07, (63.46), [7] | _1550.71, (634.56), [7] | 310.14, (127.1), [7] 619.71, (252.85), [7] | 155.07, (63.46), [7] | 155.07,(63.46), [7] | 124.13, (50.89), [7]
Serum C6:8 Low Brain M| nalg 125.49, (34.29), [7) | 1254.86, (342.87), [7] | 251.14, (68.14), [7] 502.14, (136.26), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 100.4, (27.22).[7]
Serum C6:8 Low Kidney F nglg | 7.24,(0.88), [7] 72.4, (8.81), [7] 14.49, (1.76), [7] 28.97, (3.5), [7] 7.24, (0.88), [7] 7.24, (0.88), [7] 5.79, (0.7), [7]
Serum C6:8 Low Kidney M| nglg | 4.27,(0.44),[7] 42.74, (4.4), [7] 8.55, (0.88), [7] 17.13, (1.76), [7] 4.27,(0.44), 7] 4.27,(0.44), 7] 3.42, (0.35), [7]
Serum C6:8 Low Liver F nglg | 4.72,(0.1), [10] 47.2,(0.98), [10] 9.44, (0.2), [10] 18.87, (0.38), [10] 4.72, (0.1), [10] 4.72, (0.1), [10] 3.78, (0.08), [10]
Serum C6:8 Low Liver M__| nglg | 4.79,(0.09), [10] 47.86, (0.89), [10] 9.57, (0.18), [10] 19.14, (0.35), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 3.83, (0.07), [10]
Serum C6-8 Medium |_Brain F nglg | 245.29, (16.1), [7] 2452.86, (161.01), [7] | 490.29, (32.02), [7] 979.86, (62.72), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 106.14, (13.06), [7]
Serum C6:8 Medium | Brain M__| nglg | 268.29, (24.28),[7] | 2682.86, (242.81),[7] | 536.86, (48.2), [7] 1073.57, (96.64), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 214.57, (19.16), [7]
Serum C6:8 Medium |_Kidney F nglg | 34.19, (4.68), [7] 341.86, (46.79), [7] 68.39, (9.35), [7] 136.86, (18.49), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 27.36, (3.74), [7]
Serum C6:8 Medium |_Kidney M__ | nglg | 21.67,(3.25),[7] 216.71, (32.46), [7] 43.34, (6.47), [7] 86.69, (12.98), [7] 21.67, (3.25), [7] 21.67, (3.25), [7] 17.34, (2.6), [7]
Serum C6-8 Medium | _Liver F nglg_ | 9.49, (0.22), [10] 94.87, (2.24), [10] 18.97, (0.44), [10] 37.95, (0.89), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 7.59, (0.18), [10]
Serum C6-8 Medium |_Liver M__| nglg | 9.57,(0.23), [10] 95.68, (2.26), [10] 19.14, (0.45), [10] 38.27, (0.9), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 7.65, (0.18), [10]
Serum C6:8 High Brain F nglg 1497.14, (144.19), [7]| 14971.43, (1441.89), [7]] 2988.57, (289.33), [7] | 5984.29, (579.48), [7] | 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1198.57, (115.68), [7]
Serum C6:8 High Brain M| nalg 1270.29, (674.45), [7]] 12702.86, (6744.54), [7]|_2538.57, (1348.94), [7]| 5085.71, (2711.39), [7]] 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1016.29, (538.61), [7]
Serum C6:8 High Kidney F nglg | 35.39, (4.7), [1] 353.86, (47.01), [7] 70.8, (9.44), [7] 141.57, (18.86), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 28.3, (3.77), [7]
Serum C6:8 High Kidney M__ | nglg | 22.07,(2553),[7] 220.71, (25.34), [7] 44.19, (5.1), [7] 88.33, (10.2), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 17.66, (2.04), [7]
Serum C6:8 High Liver F nglg | 9.71, (0.29), [10] 97.06, (2.86), [10] 19.42, (0.58), [10] 38.81, (1.12), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 7.76, (0.23), [10)
Serum C6:8 High Liver M__| nglg_ | 952, (0.27), [9] 95.19, (2.7), [9] 19.04, (0.53), [9] 38.11, (1.1), [9] 9.52, (0.27), [9] 9.52, (0.27), [9] 7.62, (0.22), [9]
Serum FTS Low Brain F nglg 136.77, (61.83), [7] | 1367.71, (618.28), [7] | 273.71, (123.59), [7] | 547, (246.81), [7] 136.77, (61.83), [7] | 136.77, (61.83), [7] | 109.39, (49.29), [7]
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Serum FTS Low Brain M_ | nglg | 254.71, (103.33), [7] | 2547.14, (1033.32), [7] | 509.43, (206.32), [7] | 1018.43, (412.52), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 203.73, (82.49), [7]
Serum FTS Low Kidney F nglg 17.83, (1.43), [7] 178.29, (14.28), [7] 35.69, (2.9), [7] 71.36, (5.76), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 14.26, (1.16), [7]
Serum FTS Low Kidney M| nglg 10.7, (1.7), [7] 107.01, (16.99), [7] 21.4, (3.36), [7] 42.79, (6.78), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 8.56, (1.35), [7]
Serum FTS Low Liver F nglg | _4.76, (0.09), [10] 47.6, (0.89), [10] 9.52, (0.18), [10] 19.04, (0.35), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 3.81, (0.07), [10]
Serum FTS Low Liver M__| nglg | 4.75,(0.1), [10] 47.46, (1.03), [10] 9.49, (0.21), [10] 18.98, (0.43), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 3.8, (0.08), [10]
Serum FTS Medium | Brain F nglg | 44.03, (18.88), [7] 440.29, (188.79), [7] 88.03, (37.78), [7] 176.14, (75.67), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 35.23, (15.09), [7]
Serum FTS Medium | Brain M | nglg | 57.6,(23.29), [7] 576, (232.93), [7] 115.39, (46.73), [7] 230.43, (93.08), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 46.09, (18.61), [7]
Serum FTS Medium | Kidney F nglg 17.41, (2), [7 174.14, (19.97), [7] 34.86, (3.99), [7] 69.7, (7.93), [7] 17.41, (2), [7 17.41, (2), [7 13.91, (1.59), [7]
Serum FTS Medium | Kidney M| nglg 11, (1.75), [7 109.99, (17.54), [7] 22, (3.53), [7 43.99, (6.99), [7] 11, (1.75), [7 11, (1.75), [7 8.8, (1.39), [7]
Serum FTS Medium | Liver F nglg | 4.79, (0.09), [10] 47.87, (0.93), [10] 9.57, (0.19), [10] 19.14, (0.36), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 3.83, (0.08), [10]
Serum FTS Medium | _Liver M__| nglg | 4.77,(0.15), [10] 47.65, (1.47), [10] 9.53, (0.29), [10] 19.05, (0.58), [10] 4.77, (0.15), [10] 4.77, (0.15), [10] 3.81, (0.12), [10]
Serum FTS High Brain F nglg | 63.7, (33.18), [7] 637, (331.78), [7] 127.37, (66.46), [7] 254.86, (132.81), [7] | 63.7, (33.18), [7] 63.7, (33.18), [7] 50.96, (26.57), [7]
Serum FTS High Brain M_ | nglg | 58.07, (15.94), [7] 580.71, (159.43), [7] 116.11, (31.85), [7] 232.29, (63.8), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 46.46, (12.75) [7]
Serum FTS High Kidney F nglg | 34.49, (6.63), [7] 344.86, (66.32), [7] 68.99, (13.26), [7] 138, (26.42), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 27.6, (5.29), [7]
Serum FTS High Kidney M| nglg | 218, (2.74), [1] 218, (27.38), [7] 43.59, (5.47), [7] 87.17, (10.89), [7 21.8, (2.74), [7] 21.8, (2.74), [7] 17.44, (2.19), [7
Serum FTS High Liver F nglg | 9.7, (0.17), [10] 97.07, (1.68), [10] 19.43, (0.33), [10] 38.83, (0.68), [10 9.71, (0.17), [10] 9.71, (0.17), [10] 7.76, (0.14), [10
Serum FTS High Liver M__| nglg | 9.7.(0.25), [10] 97.05, (2.54), [10] 19.41, (0.51), [10] 38.84, (1.02), [10 9.7, (0.25), [10] 9.7, (0.25), [10] 7.77, (0.21), [10
Serum Control Brain F nglg | 0.67, (0.13), [7] 6.66, (1.3), [7] 1.33, (0.26), [7] 2.67, (0.52), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.53, (0.1), [7]
Serum Control Brain M_ | nglg | 0.61,(0.05),[7] 6.08, (0.53), [7] 1.22, (0.11), [7] 2.43,(0.21), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.49, (0.04), [7]
Serum Control Kidney F nglg | 0.8, (0.07), [7] 7.98, (0.71), [7] 1.6, (0.14), [7] 3.19, (0.28), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.64, (0.06), [7]
Serum Control Kidney M| nglg | 0.43,(0.04), [7] 4.33,(0.43), [7] 0.87, (0.09), [7] 1.73, (0.17), [7) 0.43, (0.04), [7] 0.43, (0.04), [7] 0.35, (0.03), [7]
Serum Control Liver F nglg | 0.17,(0.02), [7] 1.66, (0.2), [] 0.33, (0.04), [7] 0.66, (0.08), [7] 0.17, (0.02), [7] 0.17, (0.02), [7] 0.13, (0.02), [7]
Serum Control Liver M_ | nglg_| 0.12,(0.01),[7] 1.22, (0.08), [7] 0.25, (0.04), [7] 0.53, (0.14), [7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.1, (0.01), [7]

Table SI3.6. Table S8.3 continued.

Study Treatment Sample Type[ Sex | Units PFDoS PFDS PFEESA PFHpA PFHpS PFHxA PFHXS
Wholebody | PFOS water NA | ng/L 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1]
Wholebody | PFOS wholebody F nglg 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.02), [20] 0.49, (0.01), [20] 0.49, (0.01), [20]
Wholebody | PFOS wholebody M nglg 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.52, (0.1), [20] 0.49, (0.01), [20] 0.49, (0.01), [20]
Wholebody | PFOA water NA | ng/L 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Wholebody | PFOA wholebody F ng/g 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.13, (0.06), [10] 0.09, (0), [10] 0.21, (0.15), [10] 0.09, (0), [10]
Wholebody | PFOA wholebody M ng/g 0.09, (0), [9] 0.09, (0), [9] 0.09, (0), [9] 0.09, (0), [9] 0.09, (0), [9] 0.1, (0.01), [9] 0.09, (0), [9]
Wholebody | PFHxS water NA | ng/L 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1]
Wholebody | PFHxS wholebody F nglg 7.65, (0.26), [10] 7.65, (0.26), [10] 7.74,(0.42), [7) 33.75, (16.45), [7] 7.65, (0.26), [10] 55.49, (27.14), [7] 6.99, (2.12), [10]
Wholebody | PFHxS wholebody M ng/g 7.63, (0.34), [10] 7.63, (0.34), [10] 7.97, (1.11), [9] 28.99, (18.3), [10] 7.63, (0.34), [10] 66.57, (53.45), [9] 6.95, (2.28), [10]
Wholebody | PFHxA water NA | ng/L 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1]
Wholebody | PFHxA wholebody F ng/g 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFHxA wholebody M ng/g 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFNA water NA | ng/L 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1]
Wholebody [ PFNA wholebody F nglg 7.54, (0.37), [10] 7.54, (0.37), [10] 7.54, (0.37), [10] 7.54, (0.37), [10] 7.54, (0.37), [10] 7.54, (0.37), [10] 7.54, (0.37), [10]
Wholebody | PFNA wholebody M ng/g 7.52, (0.39), [10] 7.52, (0.39), [10] 7.52, (0.39), [10] 7.52, (0.39), [10] 7.52, (0.39), [10] 7.52, (0.39), [10] 7.52, (0.39), [10]
Wholebody | PFBS water NA | ng/L 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1]
Wholebody | PFBS wholebody F ng/g 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10]
Wholebody | PFBS wholebody M nglg 1.87, (0.07), [10] 1.87, (0.07), [10] 1.87, (0.07), [10] 1.9, (0.09), [10] 1.87, (0.07), [10] 2.47, (1.14), [10] 1.87, (0.07), [10]
Wholebody | 6:2 FTS water NA [ ng/L 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1]
Wholebody | 6:2 FTS wholebody F ng/g 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10]
Wholebody | 6:2 FTS wholebody M ng/g 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.12, (0.09), [10] 0.09, (0), [10]
Wholebody | 8:2 FTS water NA | ng/L 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1]
Wholebody | 8:2 FTS wholebody F ng/g 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9] 0.11, (0.03), [9] 0.1, (0), [9]
Wholebody | 8:2 FTS wholebody M nglg 0.1, (0), [11] 0.1, (0), [11] 0.1, (0), [11] 0.1, (0.01), [11] 0.1, (0), [11] 0.13, (0.08), [11] 0.1, (0), [11]
Wholebody | C68LOW water NA | ng/L 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 96200, (NA), [1]
Wholebody | C68LOW wholebody F ng/g 1.91, (0.07), [10] 1.91, (0.07), [10] 1.91, (0.07), [10] 4.6, (3.45), [10] 1.97, (0.22), [10] 7.4, (5.1), [10] 1.92, (0.08), [10]
Wholebody | C68LOW wholebody M ng/g 1.91, (0.07), [10] 1.91, (0.07), [10] 1.91, (0.07), [10] 3.7, (1.61), [10] 1.91, (0.07), [10] 7.35, (3.82), [10] 1.91, (0.07), [10]
Wholebody | C68MED water NA | ng/L 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1]
Wholebody | C68MED wholebody F ng/g 1.95, (0.06), [10] 1.95, (0.06), [10] 1.95, (0.06), [10] 2.02, (0.24), [10] 1.95, (0.06), [10] 2.15, (0.41), [10] 1.99, (0.16), [10]
Wholebody | C68MED wholebody M ng/g 1.95, (0.04), [9] 1.95, (0.04), [9] 1.95, (0.04), [9] 1.95, (0.04), [9] 2.14, (0.37), [9] 1.98, (0.09), [9] 1.95, (0.04), [9]
Wholebody | C68HIGH water NA | ng/L 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1]
Wholebody | C68HIGH wholebody F nglg 6.72, (0.4), [10] 6.72, (0.4), [10] 6.72, (0.4), [10] 6.73, (0.41), [10] 6.73, (0.41), [10] 8.68, (3.78), [10] 6.72, (0.4), [10]
Wholebody | C68HIGH wholebody M ng/g 7.08, (0.56), [10] 7.08, (0.56), [10] 7.08, (0.56), [10] 7.08, (0.56), [10] 7.99, (2.58), [10] 7.7, (1.65), [10] 15.24, (21.24), [10]
Wholebody | FTSLOW water NA | ng/L 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1]
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Wholebody | FTSLOW wholebody | F nglg | 3.83, (0.17), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 3.83, (0.17), [10]
Wholebody | FTSLOW wholebody | M__| nglg | 3.76,(0.16), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.76, (0.16), [10]
Wholebody | FTSMED water NA | ng/ll__| 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1]
Wholebody | FTSMED wholebody | F nglg 1.88, (0.09), [10] 1.88, (0.09), [10] 1.88, (0.09), [10] 1.88, (0.09), [10] 1.96, (0.29), [10] 1.88, (0.09), [10] 1.88, (0.09), [10]
Wholebody | FTSMED wholebody | M__| nglg 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 2.07, (0.32), [10] 1.9, (0.08), [10] 1.97, (0.13), [10]
Wholebody | FTSHIGH water NA | ng/lL | 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1]
Wholebody | FTSHIGH wholebody | F nglg | 6.64, (0.43), [10] 6.64, (0.43), [10] 6.64, (0.43), [10] 6.68, (0.4), [10] 6.64, (0.43), [10] 9.32, (5.25), [10] 7.17, (1.17), [10]
Wholebody | FTSHIGH wholebody | M__| nglg | 6.75, (0.45), [10] 6.75, (0.45), [10] 6.75, (0.45), [10] 6.75, (0.45), [10] 7.67, (1.79), [10] 6.75, (0.45), [10] 6.75, (0.45), [10]
Wholebody | Control water NA | ng/ll__| 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1]
Wholebody | Control wholebody | F nglg | 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.14, (0.04), [10] 0.1, (0), [10 0.26, (0.14), [10] 0.1, (0), [10]
Wholebody |_Control wholebody | M__| ng/g__| 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.31, (0.12), [10] 0.1, (0), [10 0.52, (0.26), [10] 0.1, (0), [10]
Serum PFOS serum F ng/mL | 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10]
Serum PFOS serum M_ | ng/imL | 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9]
Serum PFOS water NA | ng/lL | 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1]
Serum PFOA serum F ng/mL_|_0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA serum M__| ng/imL | 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA water NA | ng/L__| 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1]
Serum PFHXS serum F ng/mL | 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 5.38, (1.57), [10]
Serum PFHXS serum M| ng/imL | 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 5.21, (1.75), [10]
Serum PFHXS water NA | nglL | 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1]
Serum PFHXA serum F ng/imL_|_1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9]
Serum PFHXA serum M__| ng/imL | 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.94, (2.75), [10]
Serum PFHXA water NA | ng/lL__| 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1]
Serum PENA serum F ng/mL | 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10]
Serum PENA serum M__ | ng/mL | 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10]
Serum PENA water NA | nglL__| 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1]
Serum PFBS serum F ng/imL_|_1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10]
Serum PFBS serum M__| ng/imL | 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10]
Serum PFBS water NA | ng/lL__| 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Serum 6:2 F1S serum F ng/mL_|_0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10]
Serum 6:2 F1S serum M__ | ng/imL | 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10]
Serum 6:2 FTS water NA | ng/lL__| 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1]
Serum 82 FTS serum F ng/mL_|_0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10]
Serum 82 FTS serum M__| ng/imL | 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10]
Serum 82 FTS water NA | ng/lL__| 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1]
Serum C68LOW serum F ng/mL_|_9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 52.48, (44.16), [20]
Serum C68LOW serum M__| ng/imL | 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 53.91, (45.35), [20]
Serum C68LOW water NA | ng/lL__| 20200, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 202000, (NA), [1]
Serum C68MED serum F ngimL_|_47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 93.67, (49.71), [19]
Serum C68MED serum M__| ngimL | 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 87.25, (48.5), [17]
Serum C68MED water NA | ng/lL__| 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1]
Serum C68HIGH serum F ng/imL_|_148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10]
Serum C68HIGH serum M__| ng/imL | 147.33, (6.86), [9) 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9]
Serum C68HIGH water NA | ng/L__| 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1]
Serum FTSLOW serum F ng/mL_|_9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10]
Serum FTSLOW serum M__| ng/imL | 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10]
Serum FTSLOW water NA | ng/lL__| 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1]
Serum FTSMED serum F ng/mL | 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10]
Serum FTSMED serum M__| ng/mL | 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10]
Serum FTSMED water NA | ng/lL__| 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1]
Serum FTSHIGH serum F ng/imL | 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10]
Serum FTSHIGH serum M__| ng/imL | 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10]
Serum FTSHIGH water NA | ng/lL | 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1]
Serum Control serum F ng/imL_|_1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10]
Serum Control serum M__| ng/mL | _1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10]
Serum Control water NA | ng/L__| 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1]
Serum PFOS Brain F nglg | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59) [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7]
Serum PFOS Brain M__| nalg 1000.43, (208.03), [7]|_1000.43, (208.03), [7]| 1000.43, (208.03), [7]| 1000.43, (208.03), [7]|_1000.43, (208.03), [7]| 1000.43, (208.03), [7]|_1000.43, (208.03), [7]
Serum PFOS Kidney F nglg | 609.86, (67.21), [7] | 609.86, (67.21), [7] | 609.86, (67.21), [7] | 609.86, (67.21).[7] | 609.86, (67.21),[7] | 609.86, (67.21),[7] | 701, (77.78), [7]
Serum PFOS Kidney M__| nglg | 428, (51.53),[7] 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7] 492.29, (59.31), [7]
Serum PFOS Liver F nglg | 27.41,(0.8), [7] 27.41, (0.8), [1] 27.41, (0.8), [1] 27.41, (0.8), [7] 27.41, (0.8), [7] 27.41, (0.8), [7] 27.41, (0.8), [7]
Serum PFOS Liver M| nglg | 27.5, (1.48),[7] 27.5, (1.48), [7] 275, (1.48), [7] 27.5, (1.48), [7] 28.36, (3.25), [7] 27.5, (1.48), [7] 27.5, (1.48), [7]
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Serum PFOA Brain F nglg | 672.14, (153.72), [7] | 672.14, (153.72), [7] | 672.14, (153.72), [7] | 672.14, (153.72) [7] | 672.14, (153.72), [7] | 672.14, (153.72), [7] | 672.14, (153.72), [7]
Serum PFOA Brain M__| nglg | 702.86, (127.03),[7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86,(127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7]
Serum PFOA Kidney F nglg | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 700.29, (68.35), [7]
Serum PFOA Kidney M__| nglg | 409.57, (56.39), [7] | 409.57,(56.39), [7] | 409.57,(56.39), [7] | 409.57,(56.39), [7] | 409.57, (56.39),[7] | 409.57,(56.39), [7] | 470.71, (64.53),[7]
Serum PFOA Liver F nglg_|_27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7]
Serum PFOA Liver M| nglg | 27.94,(0.9), 7] 27.94, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7]
Serum PFHXS Brain F nglg 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67),[7] | 109.24, (30.67), [7]
Serum PFHXS Brain M| nglg 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7]
Serum PFHXS Kidney F nglg 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 124.14, (16.94), [7]
Serum PFHXS Kidney M| nglg | 63.17, (12),[7] 63.17, (12), [7] 63.17, (12), [7) 63.17, (12), [7) 63.17, (12), [7] 63.17, (12), [7) 72.64, (13.8), [7]
Serum PFHXS Liver F nglg_ | 2851, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 95.13, (2.78), [7)
Serum PFHXS Liver M_ | nglg | 28.39,(0.79),[7] 28.39, (0.79), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 94.57, (2.68), [7]
Serum PFHXA Brain F nglg 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7]
Serum PFHXA Brain M_ | nglg | 0.87,(0.12),[7 0.87, (0.12), [7 0.87, (0.12), [7 0.87, (0.12), [7 0.87, (0.12), [7 0.87, (0.12), [7 0.87, (0.12), [7
Serum PFHXA Kidney F nglg | 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7
Serum PFHXA Kidney M| nglg | 0.39,(0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7
Serum PFHXA Liver F nglg | 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7
Serum PFHXA Liver M_ | nglg | 0.21,(0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7]
Serum 62 FTS Brain F nglg | 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7]
Serum 62 FTS Brain M_ | nglg | 66.16, (22.86), [7] 66.16, (22.86), [7] 66.16, (22.86), [7] 66.16, (22.86), [7) 66.16, (22.86), [7] 66.16, (22.86), [7] 66.16, (22.86), [7]
Serum 6:2FTS Kidney F nglg 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7]
Serum 6:2FTS Kidney M| nglg 11.27, (2.41), [7) 11.27, (2.41), [7) 11.27, (2.41), [7) 11.27, (2.41), [7] 11.27, (2.41), [7] 11.27, (2.41), [7] 11.27, (2.41), [7)
Serum 6:2FTS Liver F nglg | 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7]
Serum 62 FTS Liver M| nglg | 9.85,(0.08),[7] 9.85, (0.08), [7] 9.85, (0.08), [7] 9.85, (0.08), [7)] 9.85, (0.08), [7] 9.85, (0.08), [7] 9.85, (0.08), [7]
Serum 82 FTS Brain F nglg | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51) [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7]
Serum 82 FTS Brain M__ | nglg 139.33, (242.27), [7) | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7]
Serum 82 FTS Kidney F nglg | 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7)
Serum 82 FTS Kidney M| nglg | 23.01,(3.24),[7] 23.01, (3.24), [7] 23.01, (3.24), [7] 23.01, (3.24), [7) 23.01, (3.24), [7] 23.01, (3.24), [7] 23.01, (3.24), [7)
Serum 82 FTS Liver F nglg | 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7]
Serum 82 FTS Liver M_ | nglg | 9.78,(0.18), [7] 9.78, (0.18), [7] 9.78, (0.18), [7] 9.78, (0.18), [7)] 9.78, (0.18), [7] 9.78, (0.18), [7)] 9.78, (0.18), [7]
Serum C6:8 Low Brain F nglg 155.07, (63.46), [7] | 155.07, (63.46), [7] | 155.07, (63.46), [7] | 155.07,(63.46), [7] | 155.07, (63.46),[7] | 155.07, (63.46),[7] | 155.07, (63.46), [7]
Serum C6:8 Low Brain M_ | nglg 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7]
Serum C6:8 Low Kidney F nglg | 7.24,(0.88), [7] 7.24, (0.88), [7] 7.24, (0.88), [7) 7.24, (0.88), [7] 7.24, (0.88), [7] 7.24, (0.88), [7] 7.24, (0.88), [7)
Serum C6:8 Low Kidney M| nglg | 4.27,(0.44), 7] 4.27,(0.44), [7] 4.27,(0.44), [7] 4.27,(0.44), 7] 4.27,(0.44), [7] 4.27,(0.44), 7] 4.27,(0.44), [7]
Serum C6:8 Low Liver F nglg | 4.72,(0.1), [10] 4.72,(0.1), [10] 4.72,(0.1), [10] 4.72, (0.1), [10] 4.72, (0.1), [10] 4.72, (0.1), [10] 94.42, (1.99), [10]
Serum C6:8 Low Liver M_ | nglg | 4.79,(0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 95.71, (1.78), [10]
Serum C6-8 Medium |_Brain F nglg | 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7]
Serum C6-8 Medium |_Brain M | nglg | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7]
Serum C6:8 Medium |_Kidney F nglg | 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7]
Serum C6:8 Medium |_Kidney M__| nglg | 21.67,(3.25),[7] 21.67, (3.25), [7] 21.67, (3.25), [7] 21.67, (3.25), [7) 21.67, (3.25), [7] 21.67, (3.25), [7] 21.67, (3.25), [7)
Serum C6:8 Medium | _Liver F nglg_ | 9.49, (0.22), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 189.7, (4.42), [10]
Serum C6-8 Medium | _Liver M__ | nglg | 9.57,(0.23), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 191.4, (4.53), [10]
Serum C6:8 High Brain F nglg 1497.14, (144.19), [7]|_1497.14, (144.19), [7]|_1497.14, (144.19). [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19) [7]
Serum C6:8 High Brain M__ | nglg 1270.29, (674.45), [7]|_1270.29, (674.45), [7]| 1270.29, (674.45), [7]] 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45),[7]
Serum C6:8 High Kidney F nglg | 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7]
Serum C6:8 High Kidney M__| nglg | 22.07,(253),[7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7]
Serum C6:8 High Liver F nglg | 9.71, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 2425, (7.03), [10]
Serum C6:8 High Liver M| nglg | 9.52,(0.27), (9] 10.87, (4.14), [9) 9.52, (0.27), [9] 9.52, (0.27), [9] 9.52, (0.27), [9] 9.52, (0.27), [9] 238, (6.98), [9]
Serum FTS Low Brain F nglg 136.77, (61.83), [7] | 136.77, (61.83), [7] | 136.77, (61.83), [7] | 136.77,(61.83), [7] | 136.77,(61.83), [7] | 136.77,(61.83), [7] | 136.77, (61.83),[7]
Serum FTS Low Brain M__| nglg | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7]
Serum FTS Low Kidney F nglg 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7) 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 20.51, (1.67), [7)
Serum FTS Low Kidney M__| nalg 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 12.31, (1.96), [7]
Serum FTS Low Liver F nglg_ | _4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10]
Serum FTS Low Liver M | nglg | 4.75,(0.1), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4,75, (0.1), [10]
Serum FTS Medium |_Brain F nglg_ | _44.03, (18.88), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 44,03, (18.88), [7] 44,03, (18.88), [7] 44,03, (18.88), [7] 44.03, (18.88), [7]
Serum FTS Medium | Brain M__| nglg | 57.6,(23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7]
Serum FTS Medium | Kidney F nglg 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7] 20.03, (2.27), [7)
Serum FTS Medium | Kidney M__| nalg 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7] 12.66, (2.03), [7]
Serum FTS Medium | Liver F nglg_ | _4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10]
Serum FTS Medium | Liver M | nalg | 4.77,(0.15), [10] 4.77,(0.15), [10] 4.77,(0.15), [10] 4.77, (0.15), [10] 4.77, (0.15), [10] 4.77, (0.15), [10] 4.77, (0.15), [10]
Serum FTS High Brain F nglg_ | _63.7,(33.18), [7] 63.7, (33.18), [7] 63.7, (33.18), [7) 63.7, (33.18), [7] 63.7, (33.18), [7] 63.7, (33.18), [7] 63.7, (33.18), [7)
Serum FTS High Brain M__| nglg_| 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7]
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Serum FTS High Kidney F nglg 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 39.67, (7.62), [7]
Serum FTS High Kidney M nglg 21.8, (2.74),[7] 21.8, (2.74),[7] 21.8, (2.74),[7] 21.8, (2.74),[7] 21.8, (2.74),[7] 21.8, (2.74),[7] 25.07, (3.16), [7]
Serum FTS High Liver F nglg 9.71, (0.17), [10] 9.71, (0.17), [10] 9.71, (0.17), [10] 9.71, (0.17), [10] 9.83, (0.5), [10] 9.71, (0.17), [10] 9.71, (0.17), [10]
Serum FTS High Liver M ng/g 9.7, (0.25), [10] 9.7, (0.25), [10] 9.7, (0.25), [10] 9.7, (0.25), [10] 9.91, (0.71), [10] 9.7, (0.25), [10] 9.7, (0.25), [10]
Serum Control Brain F ng/g 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7]
Serum Control Brain M nglg 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7]
Serum Control Kidney F nalg 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7]
Serum Control Kidney M nglg 0.43, (0.04), [7 0.43, (0.04), [7 0.43, (0.04), [7 0.43, (0.04), [7 0.43, (0.04), [7 0.43, (0.04), [7 0.43, (0.04), [7
Serum Control Liver F nglg 0.17, (0.02), [7 0.17, (0.02), [7 0.17, (0.02), [7 0.17, (0.02), [7 0.17, (0.02), [7 0.17, (0.02), [7 0.17, (0.02), [7
Serum Control Liver M nglg 0.12, (0.01), [7 0.12, (0.01), [7 0.12, (0.01), [7 0.12, (0.01), [7 0.12, (0.01), [7 0.13, (0.03), [7 0.12, (0.01), [7
Table SI3.7. Table SB.3 continued.
Study Treatment Sample Type| Sex | Units PFMBA PFMPA PENA PFENS PFOA PFOS PFOSA
Wholebody | PFOS water NA | ng/L 213000, (NA), [1] 425000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1]
Wholebody | PFOS wholebody F nglg 0.49, (0.01), [20] 0.98, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.5, (0.04), [20] 0.49, (0.01), [20]
Wholebody | PFOS wholebody M nglg 0.49, (0.01), [20] 0.98, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.53, (0.08), [20] 0.49, (0.01), [20]
Wholebody | PFOA water NA | ng/L 201000, (NA), [1] 402000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Wholebody | PFOA wholebody F ng/g 0.1, (0.01), [10] 0.19, (0.01), [10] 0.1, (0), [10] 0.09, (0), [10] 0.88, (0.18), [10] 0.09, (0), [10] 0.09, (0), [10]
Wholebody | PFOA wholebody M ng/g 0.09, (0), [9] 0.19, (0), [9] 0.09, (0), [9] 0.09, (0), [9] 1.2, (0.4), [9] 0.09, (0), [9] 0.09, (0), [9]
Wholebody | PFHXS water NA | ng/L 178000, (NA), [1] 357000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1]
Wholebody | PFHxS wholebody F nglg 7.49, (0.42), [3] 15, (0.8), [3] 16.71, (9.71), [8] 7.65, (0.26), [10] 125.29, (93.58), [10] | 7.65, (0.26), [10] 7.65, (0.26), [10]
Wholebody | PFHxS wholebody M nglg 7.69, (0.32), [5] 15.38, (0.63), [5] 13.92, (10.9), [9] 7.63, (0.34), [10] 68.17, (61.93), [10] 7.63, (0.34), [10] 7.63, (0.34), [10]
Wholebody | PFHxA water NA | ng/L 215000, (NA), [1] 430000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1]
Wholebody | PFHXA wholebody F ng/g 0.18, (0.01), [10] 0.37, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFHXA wholebody M nglg 0.18, (0.01), [10] 0.37, (0.02), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFNA water NA | ng/L 210000, (NA), [1] 419000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1]
Wholebody | PFNA wholebody F nglg 7.54, (0.37), [10] 15.06, (0.74), [10] 38.05, (70.87), [10] | 7.54, (0.37), [10] 7.58, (0.32), [10] 7.54, (0.37), [10] 7.54, (0.37), [10]
Wholebody | PFNA wholebody M nglg 7.52, (0.39), [10] 15.03, (0.78), [10] 35.46, (32.1), [10] 7.52, (0.39), [10] 7.68, (0.47), [10] 7.52, (0.39), [10] 7.52, (0.39), [10]
Wholebody | PFBS water NA | ng/L 183000, (NA), [1] 366000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1]
Wholebody | PFBS wholebody F nglg 1.9, (0.08), [10] 3.8, (0.16), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 1.9, (0.08), [10]
Wholebody | PFBS wholebody M nglg 1.87, (0.07), [10] 3.75, (0.14), [10] 1.87, (0.07), [10] 1.87, (0.07), [10] 416, (3.19), [10] 1.87, (0.07), [10] 1.87, (0.07), [10]
Wholebody | 6:2 FTS water NA | ng/L 53200, (NA), [1] 106000, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1]
Wholebody | 6:2 FTS wholebody F nglg 0.1, (0), [10] 0.19, (0.01), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10]
Wholebody | 6:2 FTS wholebody M nglg 0.09, (0), [10] 0.19, (0.01), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10]
Wholebody | 8:2 FTS water NA | ng/L 51700, (NA), [1] 103000, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1]
Wholebody | 8:2 FTS wholebody F ng/g 0.1, (0), [9] 0.19, (0.01), [9] 0.22, (0.26), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9]
Wholebody | 8:2 FTS wholebody M ng/g 0.1, (0), [11] 0.19, (0), [11] 0.2, (0.21), [13] 0.1, (0), [11] 0.1, (0.02), [11] 0.1, (0), [11] 0.1, (0), [11]
Wholebody | C68LOW water NA | ng/L 19200, (NA), [1] 38500, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 96200, (NA), [1] 19200, (NA), [1]
Wholebody | C68LOW wholebody | F ng/g 1.91, (0.07), [10] 3.81, (0.13), [10] 2.17, (0.48), [10] 1.91, (0.07), [10] 7.81, (5.05), [10] 1.91, (0.07), [10] 1.91, (0.07), [10]
Wholebody | C68LOW wholebody M ng/g 1.91, (0.07), [10] 3.82, (0.14), [10] 2.06, (0.35), [10] 1.91, (0.07), [10] 7.34, (4.91), [10] 2.3, (1.24), [10] 1.91, (0.07), [10]
Wholebody | C68MED water NA | ng/L 109000, (NA), [1] 219000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1]
Wholebody | C68MED wholebody F ng/g 1.95, (0.06), [10] 3.91, (0.11), [10] 1.96, (0.06), [10] 1.95, (0.06), [10] 2.49, (1.06), [10] 1.95, (0.06), [10] 1.95, (0.06), [10]
Wholebody | C68MED wholebody M ng/g 1.95, (0.04), [9] 3.9, (0.07), [9] 1.95, (0.04), [9] 1.95, (0.04), [9] 2.06, (0.28), [9] 1.95, (0.04), [9] 1.95, (0.04), [9]
Wholebody | C68HIGH water NA | ng/L 111000, (NA), [1] 221000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 553000, (NA), [1] 111000, (NA), [1]
Wholebody | C68HIGH wholebody F nglg 6.72, (0.4), [10] 13.41, (0.8), [10] 6.72, (0.4), [10] 6.72, (0.4), [10] 14.49, (5.48), [10] 8.67, (6.03), [10] 6.72, (0.4), [10]
Wholebody | C68HIGH wholebody M ng/g 7.08, (0.56), [10] 14.14, (1.12), [10] 7.08, (0.56), [10] 7.08, (0.56), [10] 9.72, (3.42), [10] 7.08, (0.56), [10] 7.08, (0.56), [10]
Wholebody | FTSLOW water NA | ng/L 17100, (NA), [1] 34200, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 85500, (NA), [1] 17100, (NA), [1]
Wholebody | FTSLOW wholebody F ng/g 3.83, (0.17), [10] 7.66, (0.33), [10] 3.83, (0.17), [10] 3.83, (0.17), [10] 4.12,(0.75), [10] 4.28, (1.5), [10] 3.83, (0.17), [10]
Wholebody | FTSLOW wholebody M ng/g 3.76, (0.16), [10] 753, (0.32), [10] 3.76, (0.16), [10] 3.76, (0.16), [10] 3.77,(0.17), [10] 3.76, (0.16), [10] 3.76, (0.16), [10]
Wholebody | FTSMED water NA | ng/L 53400, (NA), [1] 107000, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 267000, (NA), [1] 53400, (NA), [1]
Wholebody | FTSMED wholebody F ng/g 1.88, (0.09), [10] 3.77,(0.18), [10] 1.88, (0.09), [10] 1.88, (0.09), [10] 1.91, (0.12), [10] 1.88, (0.09), [10] 1.88, (0.09), [10]
Wholebody | FTSMED wholebody M ng/g 1.9, (0.08), [10] 3.79, (0.15), [10] 1.9, (0.08), [10] 1.9, (0.08), [10] 2.07,(0.43), [10] 1.9, (0.08), [10] 1.9, (0.08), [10]
Wholebody | FTSHIGH water NA | ng/L 108000, (NA), [1] 216000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 540000, (NA), [1] 108000, (NA), [1]
Wholebody | FTSHIGH wholebody F nglg 6.64, (0.43), [10] 13.29, (0.87), [10] 6.64, (0.43), [10] 6.64, (0.43), [10] 11.87, (5.47), [10] 6.68, (0.51), [10] 6.64, (0.43), [10]
Wholebody | FTSHIGH wholebody M nglg 6.75, (0.45), [10] 13.49, (0.91), [10] 6.75, (0.45), [10] 6.75, (0.45), [10] 7.19, (0.97), [10] 6.75, (0.45), [10] 6.75, (0.45), [10]
Wholebody [ Control water NA | ng/L 11100, (NA), [1] 22200, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1]
Wholebody | Control wholebody F ng/g 0.1, (0), [10] 0.19, (0), [10] 0.1, (0.01), [10] 0.1, (0), [10] 0.2, (0.1), [10] 0.1, (0), [10] 0.1, (0), [10]
Wholebody | Control wholebody M ng/g 0.11, (0.02), [10] 0.2, (0), [10] 0.15, (0.06), [10] 0.1, (0), [10] 0.39, (0.23), [10] 0.1, (0), [10] 0.1, (0), [10]
Serum PFOS serum F ng/mL | 18.19, (1.02), [10] 36.37, (2.05), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 100.04, (84.28), [20] | 18.19, (1.02), [10]
Serum PFOS serum M ng/mL | 16.67, (1.99), [9] 33.28, (3.96), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 91.67, (78.38), [18] | 16.67, (1.99), [9]
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Serum PFOS water NA | ng/lL | 95500, (NA), [1] 191000, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 955000, (NA), [1] 95500, (NA), [1]
Serum PFOA serum F ng/mL_|_0.98, (0.04), [10] 1.96, (0.08), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 50.99, (48.43), [20] | 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA serum M__| ng/imL | 0.98, (0.04), [10] 1.96, (0.07), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 51.15, (48.22), [20) | 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA water NA | ng/lL | 199000, (NA), [1] 398000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1]
Serum PFHXS serum F ng/imL_|_1.11, (0.29), [10] 2.23, (0.59), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10]
Serum PFHXS serum M__ | ng/mL | 1.09, (0.21), [10] 2.17, (0.42), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10]
Serum PFHXS water NA | ng/lL | 211000, (NA), [1] 422000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1]
Serum PFHXA serum F ng/imL_|_1.03, (0.11), [9] 2.06, (0.21), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.19, (0.33), [9] 1.17, (0.34), [9] 1.03, (0.11), [9]
Serum PFHXA serum M__| ng/imL | 1.06, (0.14), [10] 2.13, (0.29), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10]
Serum PFHXA water NA | ng/lL__| 204000, (NA), [1] 407000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1]
Serum PENA serum F ng/imL_|_148.6, (4.99), [10] 297.2, (9.45), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10]
Serum PENA serum M__| ng/mL | 144, (6.46), [10] 287.6, (13.17), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10]
Serum PENA water NA | ng/lL | 184000, (NA), [1] 368000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1]
Serum PFBS serum F ng/mL_|_1.22, (0.39), [10] 2.43, (0.78), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10]
Serum PFBS serum M__| ng/imL | 1.18, (0.52), [10] 2.37, (1.03), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10]
Serum PFBS water NA | ng/lL__| 201000, (NA), [1] 402000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Serum 6:2FTS serum F ng/mL_|_0.85, (0.22), [10] 1.7, (0.43), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10]
Serum 62 FTS serum M__ | ng/mL | 0.86, (0.23), [10] 1.72, (0.46), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10]
Serum 6:2 F1S water NA | ng/lL__| 47000, (NA), [1] 93900, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1]
Serum 82 FTS serum F ng/mL_|_0.86, (0.24), [10] 1.72, (0.49), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.89, (0.22), [10] 0.86, (0.24), [10]
Serum 82 FTS serum M__| ng/imL | 0.74, (0.16), [10] 1.49, (0.32), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10]
Serum 82 FTS water NA | ng/lL__| 50500, (NA), [1] 101000, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1]
Serum C68LOW serum F ng/imL_|_9.54, (0.45), [10] 19.09, (0.91), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 52.48, (44.16), [20] | 9.54, (0.45), [10]
Serum C68LOW serum M_ | ng/imL | 9.8, (0.43), [10] 19.64, (0.91), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 53.91, (45.35), [20] | 9.8, (0.43), [10]
Serum C68LOW water NA | ng/lL | 20200, (NA), [1] 40400, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 20200, (NA), [1] 202000, (NA), [1] 20200, (NA), [1]
Serum C68MED serum F ngimL | 47.97, (2.17), [10] 95.8, (4.21), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10]
Serum C68MED serum M__| ngimL | 47.92, (1.14), [10] 95.74, (2.27), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10]
Serum C68MED water NA | ng/lL__| 48900, (NA), [1] 97800, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 489000, (NA), [1] 48900, (NA), [1]
Serum C68HIGH serum F ng/imL_|_148.4, (3.86), [10] 297.2, (6.76), [10] 148.4, (3.86), [10] 148 4, (3.86), [10] 148 4, (3.86), [10] 148 4, (3.86), [10] 148.4, (3.86), [10]
Serum C68HIGH serum M| ng/imL | 147.33, (6.86), [9] 294.78, (13.51), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9]
Serum C68HIGH water NA | nglL | 105000, (NA), [1] 211000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 1050000, (NA), [1] | 105000, (NA), [1]
Serum FTSLOW serum F ng/mL_|_9.49, (0.37), [10] 18.98, (0.76), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 52.2, (43.89), [20] 9.49, (0.37), [10]
Serum FTSLOW serum M__| ng/imL | 9.45, (0.36), [10] 18.89, (0.75), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 51.96, (43.69), [20] | 9.45, (0.36), [10]
Serum FTSLOW water NA | ng/lL__| 19600, (NA), [1] 39200, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 196000, (NA), [1] 19600, (NA), [1]
Serum FTSMED serum F ng/imL_|_44.6, (1.78), [10] 89.2, (3.56), [10] 44,6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10] 44,6, (1.78), [10]
Serum FTSMED serum M| ng/imL | 46.02, (1.97), [10] 92, (3.88), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10]
Serum FTSMED water NA | ng/lL__| 58600, (NA), [1] 117000, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1]
Serum FTSHIGH serum F ng/imL_|_150.4, (7.11), [10] 300.2, (13.96), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10]
Serum FTSHIGH serum M__| ng/imL | 149, (8.18), [10] 297.6, (16.14), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10]
Serum FTSHIGH water NA | ng/lL | 1e+05, (NA), [1] 2e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 56+05, (NA), [1] 1e+05, (NA), [1]
Serum Control serum F ng/imL_|_1.47, (0.68), [10] 2.93, (1.36), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10]
Serum Control serum M__| ng/mL | 1.05, (0.31), [10] 2.1, (0.62), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10]
Serum Control water NA | ng/L__| 10700, (NA), [1] 21400, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1]
Serum PFOS Brain F nglg | 864.29, (142.59), [7] | 1725.71, (283.25), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7]
Serum PFOS Brain M| nalg 1000.43, (208.03), [7]|_2001.43, (413.9), [7] | 1000.43, (208.03), [7]| 1000.43, (208.03), [7]| 1000.43, (208.03), [7]| 1000.43, (208.03), [7]| 1000.43, (208.03), [7]
Serum PFOS Kidney F nglg | 609.86, (67.21),[7] | 1218.57, (133.22), [7] | 609.86, (67.21),[7] | 609.86, (67.21),[7] | 609.86, (67.21),[7] | 609.86, (67.21),[7] | 609.86, (67.21), [7]
Serum PFOS Kidney M__| nglg | 428, (51.53),[7] 855.29, (101.72), [7] | 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7] 428, (51.53), [7]
Serum PFOS Liver F nglg | 27.41,(0.8), [7] 54.87, (1.64), [7] 27.41, (0.8), [7] 27.41, (0.8), [1] 27.41,(0.8), [7] 548.71, (16.44), [7] | 27.41, (0.8), [7]
Serum PFOS Liver M__| nglg | 27.5,(1.48),[7] 54.97, (3.01), [7] 27.5, (1.48), [7] 27.5, (1.48), [7] 27.5, (1.48), [7] 549.71, (30.06), [7] | 27.5, (1.48), [7]
Serum PFOA Brain F nglg | 672.14, (153.72), [7] | 1345, (307.37), [7] 672.14, (153.72), [7] | _672.14, (153.72). [7] | 672.14, (153.72), [7] | 672.14, (153.72),[7] | 672.14, (153.72), [7]
Serum PFOA Brain M__| nglg | 702.86, (127.03), [7] | 1404.29, (252.84), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7]
Serum PFOA Kidney F nglg | 609.14, (59.56), [7] | 1219.86, (119.9), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7]
Serum PFOA Kidney M__| nglg | 40957, (56.39),[7] | 818.86, (112.11), [7] | 409.57,(56.39), [7] | 409.57,(56.39), [7] | 409.57, (56.39), [7] | 409.57, (56.39), [7] | 409.57, (56.39), [7]
Serum PFOA Liver F nglg | 27.04,(0.98), [7] 54.09, (1.91), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 213.14, (74.63), [7] | 27.04, (0.98), [7] 27.04, (0.98), [7]
Serum PFOA Liver M__| nglg | 27.94,(0.91),[7] 55.86, (1.77), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 279.43, (9.05), [7] 27.94, (0.91), [7) 27.94, (0.91), [7]
Serum PFHXS Brain F nglg 109.24, (30.67), [7] | 218.43, (61.06), [7] 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67), [7] | 109.24, (30.67). [7] | 109.24, (30.67), [7]
Serum PFHXS Brain M| nalg 102.81, (26.69), [7] | 205.57, (53.78), [7] 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81, (26.69), [7] | 102.81,(26.69), [7] | 102.81, (26.69), [7]
Serum PFHXS Kidney F nglg 107.7, (14.92), [7] 216, (29.78), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7]
Serum PFHXS Kidney M| nglg | 63.17, (12),[7] 126.23, (23.94), [7] 63.17, (12), [7] 63.17, (12), [7] 63.17, (12), [7] 63.17, (12), [7] 63.17, (12), [7]
Serum PFHXS Liver F nglg | 2851, (0.82), [7] 57.07, (1.69), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7]
Serum PFHXS Liver M__| nglg | 28.39,(0.79),[7] 56.76, (1.6), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 28.39, (0.79), [7) 28.39, (0.79), [7) 28.39, (0.79), [7]
Serum PFHXA Brain F nglg 1.42, (1.12), [7] 2.85, (2.24), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7] 1.42, (1.12), [7]
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Serum PFHXA Brain M_ | nglg [ 0.87,(0.12), [7] 1.75, (0.23), [7] 0.87, (0.12), [7] 0.87, (0.12), [7] 0.87, (0.12), [7] 0.87, (0.12), [7] 0.87, (0.12), [7]
Serum PFHXA Kidney F nglg | 0.68, (0.09), [7 1.36, (0.18), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7 0.68, (0.09), [7
Serum PFHXA Kidney M| nglg | 0.39,(0.05),[7 0.78, (0.09), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7 0.39, (0.05), [7
Serum PFHXA Liver F nglg | 0.23, (0.10), [7 0.46, (0.22), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7 0.23, (0.11), [7
Serum PFHXA Liver M| nglg | 0.21,(0.06), [7 0.42, (0.13), [7 0.21, (0.06), [7 0.21, (0.06), [7 0.21, (0.06), [7 0.21, (0.06), [7 0.21, (0.06), [7
Serum 6:2 FTS Brain F nglg | 44.64, (25.16), [7] 89.23, (50.24), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7]
Serum 6:2 FTS Brain M_ | nglg | 66.16, (22.86), [7) 132.33, (45.67), [7] 66.16, (22.86), [7) 66.16, (22.86), [7] 66.16, (22.86), [7] 66.16, (22.86), [7] 66.16, (22.86), [7]
Serum 6:2 FTS Kidney F nglg 16.73, (2.26), [7] 33.49, (4.48),[7 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7]
Serum 6:2FTS Kidney M| nglg 11.27, (2.41), [7) 22.54, (4.76), [7 11.27, (2.41), [7] 11.27, (2.41), [7) 11.27, (2.41), [7) 11.27, (2.41), [7) 11.27, (2.41), [7)
Serum 6:2FTS Liver F nglg | 9.88, (0.16), [7] 19.76, (0.33), [7 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7]
Serum 6:2FTS Liver M__| nglg_ | 9.85,(0.08),[7] 19.7, (0.18), [7] 9.85, (0.08), [7] 9.85, (0.08), [7] 9.85, (0.08), [7) 9.85, (0.08), [7) 9.85, (0.08), [7]
Serum 8:2 FTS Brain F nglg | 612.81, (564.51), [7] | 1225.71, (1125.43), [7]] 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7]
Serum 82 FTS Brain M| nglg 139.33, (242.27), [7] | 279.21, (486.05), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7]
Serum 82 FTS Kidney F nglg | 36.56, (5.83), [7] 73.1, (11.64), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7]
Serum 8:2FTS Kidney M| nglg | 23.01,(3.24), 7] 46.01, (6.53), [7] 23.01, (3.24), [7) 23.01, (3.24), [7] 23.01, (3.24), [7) 23.01, (3.24), [7) 23.01, (3.24), [7]
Serum 8:2FTS Liver F nglg | 9.74, (0.27), [7] 19.5, (0.52), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7) 9.74, (0.27), [7]
Serum 82 FTS Liver M__| nglg | 9.78,(0.18), [7] 19.57, (0.38), [7] 9.78, (0.18), [7] 9.78, (0.18), [7] 9.78, (0.18), [7) 9.78, (0.18), [7) 9.78, (0.18), [7]
Serum C6:8 Low Brain F nglg 155.07, (63.46), [7] | 310.14, (127.1), [7] 155.07, (63.46), [7] | 155.07, (63.46), [7] | 155.07, (63.46), [7] | 155.07,(63.46). [7] | 155.07, (63.46),[7]
Serum C6:8 Low Brain M_ | nglg 125.49, (34.29), [7] | 251.14, (68.14), [7] 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7]
Serum C6:8 Low Kidney F nglg | 7.24,(0.88), [7] 14.49, (1.76), [7] 7.24, (0.88), [7] 7.24, (0.88), [7] 7.24,(0.88), [7] 7.24,(0.88), [7] 7.24, (0.88), [7]
Serum C6:8 Low Kidney M| nglg | 4.27,(0.44), 7] 8.55, (0.88), [7] 4.27,(0.44), 7] 4.27, (0.44), [7] 4.27,(0.44), [7] 4.27,(0.44), [7] 4.27,(0.44), 7]
Serum C6:8 Low Liver F nglg | 4.72,(0.1), [10] 9.44,(0.2), [10] 4.72, (0.1), [10] 4.72,(0.1), [10] 94.42, (1.99), [10] 94.79, (1.68), [10] 4.72, (0.1), [10]
Serum C6:8 Low Liver M__| nglg | 4.79,(0.09), [10] 9.57, (0.18), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 95.71, (1.78), [10] 95.71, (1.78), [10] 4.79, (0.09), [10]
Serum C6:8 Medium | Brain F nglg | 245.29, (16.1), [7] 490.29, (32.02), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7]
Serum C6:8 Medium | Brain M_ | nglg | 268.29, (24.28), [7] | 536.86, (48.2), [7] 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7]
Serum C6:8 Medium |_Kidney F nglg | 34.19, (4.68), [7] 68.39, (9.35), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7] 34.19, (4.68), [7]
Serum C6:8 Medium |_Kidney M| nglg | 21.67,(3.25), 7] 43.34, (6.47), [7] 21.67, (3.25), [7) 21.67, (3.25), [7] 21.67, (3.25), [7) 21.67, (3.25), [7) 21.67, (3.25), [7]
Serum C6:8 Medium | Liver F nglg | 9.49, (0.22), [10] 18.97, (0.44), [10] 9.49, (0.22), [10] 9.49, (0.22), [10] 189.7, (4.42), [10] 189.7, (4.42), [10] 9.49, (0.22), [10]
Serum C6:8 Medium | _Liver M__| nglg | 9.57,(0.23), [10] 19.14, (0.45), [10] 9.57, (0.23), [10] 9.57, (0.23), [10] 191.4, (4.53), [10] 191.4, (4.53), [10] 9.57, (0.23), [10]
Serum C6:8 High Brain F nglg 1497.14, (144.19), [7]] 2988.57, (289.33), [7] | 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]
Serum C6:8 High Brain M_ | nglg 1270.29, (674.45), [7]] 2538.57, (1348.94), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]
Serum C6:8 High Kidney F nglg | 35.39, (4.7), [7] 70.8, (9.44), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7]
Serum C6:8 High Kidney M| nolg | 22.07,(253),[7] 4419, (5.1), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7]
Serum C6:8 High Liver F nglg | 9.7, (0.29), [10] 19.42, (0.58), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 2425, (7.03), [10] 2425, (7.03), [10] 9.71, (0.29), [10]
Serum C6:8 High Liver M| nglg | 9.52,(0.27), [9] 19.04, (0.53), [9] 9.52, (0.27), [9] 9.52, (0.27), [9] 238, (6.98), [9] 238, (6.98), [9] 9.52, (0.27), [9]
Serum FTS Low Brain F nglg 136.77, (61.83), [7] | 273.71, (123.59),[7] | 136.77,(61.83), [7] | 136.77,(61.83), (7] | 136.77, (61.83),[7] | 136.77,(61.83),[7] | 136.77, (61.83), [7]
Serum FTS Low Brain M__| nglg | 254.71, (103.33), [7] | _509.43, (206.32), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7]
Serum FTS Low Kidney F nglg 17.83, (1.43), [7] 35.69, (2.9), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7]
Serum FTS Low Kidney M| nalg 10.7, (1.7), [7] 21.4, (3.36), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7]
Serum FTS Low Liver F nglg | _4.76, (0.09), [10] 9.52, (0.18), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 95.24, (1.79), [10] 4.76, (0.09), [10]
Serum FTS Low Liver M| nglg | 4.75,(0.1), [10] 9.49, (0.21), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4.75,(0.1), [10] 94.91, (2.07), [10] 4.75, (0.1), [10]
Serum FTS Medium | Brain F nglg | 44.03, (18.88), [7] 88.03, (37.78), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 44,03, (18.88), [7]
Serum FTS Medium | Brain M__| nglg | 57.6,(23.29), [7] 115.39, (46.73), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7]
Serum FTS Medium | Kidney F nglg 17.41, (2), [7] 34.86, (3.99), [7] 17.41, (2), [7] 17.41, (2), [] 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7]
Serum FTS Medium | Kidney M| nalg 11, (1.75), [7] 22, (3.53), [7) 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7] 16.02, (12.38), [7] 11, (1.75), [7]
Serum FTS Medium | _Liver F nglg | _4.79, (0.09), [10] 9.57, (0.19), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 2991, (58.96), [10] | 4.79, (0.09), [10]
Serum FTS Medium | Liver M__ | nglg | 4.77,(0.15), [10] 9.53, (0.29), [10] 4.77, (0.15), [10] 4.77,(0.15), [10] 4.77,(0.15), [10] 2977, (91.41), [10] | 4.77,(0.15), [10]
Serum FTS High Brain F nglg | 63.7,(33.18), [7] 127.37, (66.46), [7] 63.7, (33.18), [7) 63.7, (33.18), [7) 63.7, (33.18), [7) 1218.57, (634.39), [7]|_63.7, (33.18), [7)
Serum FTS High Brain M__ | nglg | 58.07, (15.94), [7] 116.11, (31.85), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 1127.14, (295.55), [7]|_58.07, (15.94), [7]
Serum FTS High Kidney F nglg_| 34.49, (6.63), [7] 68.99, (13.26), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7]
Serum FTS High Kidney M| nglg | 218, (2.74), [1] 43,59, (5.47), [7] 21.8, (2.74), [7] 21.8, (2.74), [7) 21.8, (2.74), [7) 24.7,(9.84), [7] 21.8, (2.74), [7]
Serum FTS High Liver F nglg | 9.7, (0.17), [10] 19.43, (0.33), [10] 9.71, (0.17), [10] 9.71, (0.17), [10] 9.71, (0.17), [10] 194.3, (3.33), [10] 9.71, (0.17), [10]
Serum FTS High Liver M_ | nglg | 9.7.(0.25), [10] 19.41, (0.51), [10] 9.7, (0.25), [10] 9.7, (0.25), [10] 9.7, (0.25), [10] 194.1, (5.07), [10] 9.7, (0.25), [10]
Serum Control Brain F nglg | 0.67,(0.13),[7] 1.33, (0.26), [7] 0.67, (0.13), [7) 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7] 0.67, (0.13), [7]
Serum Control Brain M__| nglg__| 0.6, (0.05),[7] 1.22, (0.11), [7) 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7] 0.61, (0.05), [7]
Serum Control Kidney F nglg__| 0.8, (0.07), [7] 1.6, (0.14), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7] 0.8, (0.07), [7]
Serum Control Kidney M| nglg_ | 0.43,(0.04), [7] 0.87, (0.09), [7] 0.43, (0.04), [7] 0.43, (0.04), [7] 0.43, (0.04), [7] 0.43, (0.04), [7] 0.43, (0.04), [7]
Serum Control Liver F nglg | 0.17, (0.02), [7] 0.33, (0.04), [7] 0.35, (0.48), [7] 0.17, (0.02), [7] 0.17, (0.02), [7] 0.17, (0.02), [7] 0.17, (0.02), [7]
Serum Control Liver M_ | nglg_ | 0.12,(0.01),[7] 0.24, (0.02), [7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.12, (0.01), [7]
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Table SI3.8. Table S8.3 continued.

Study Treatment Sample Type| Sex | Units PFPeA PFPeS PFTeDA PFTrDA PFUNA
Wholebody | PFOS water NA | ng/L 425000, (NA), [1] 214000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1] 213000, (NA), [1]
Wholebody | PFOS wholebody F nglg 1, (0.05), [20] 0.49, (0.01), [20] 0.5, (0.03), [20] 0.49, (0.01), [20] 0.49, (0.01), [20]
Wholebody | PFOS wholebody M nglg 0.98, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20] 0.49, (0.01), [20]
Wholebody | PFOA water NA | ng/L 402000, (NA), [1] 202000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Wholebody | PFOA wholebody F ng/g 0.32, (0.17), [10] 0.1, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10]
Wholebody | PFOA wholebody M ng/g 0.2, (0.03), [9] 0.09, (0), [9] 0.09, (0), [9] 0.09, (0), [9] 0.09, (0), [9]
Wholebody | PFHxS water NA | ng/L 357000, (NA), [1] 179000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1] 178000, (NA), [1]
Wholebody | PFHxS wholebody F nglg 53.33, (16.33), [3] 7.69, (0.26), [10] 14.99, (5.38), [9] 7.85, (0.47), [9] 7.65, (0.26), [10]
Wholebody | PFHxS wholebody M nalg 50.1, (11.4), [5] 7.67,(0.34), [10] 15.11, (4.64), [10] 7.72, (0.44), [10] 7.63, (0.34), [10]
Wholebody | PFHxA water NA [ ng/L 430000, (NA), [1] 216000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1] 215000, (NA), [1]
Wholebody | PFHxA wholebody F ng/g 0.37, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFHxA wholebody M ng/g 0.37, (0.02), [10] 0.19, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10] 0.18, (0.01), [10]
Wholebody | PFNA water NA | ng/L 419000, (NA), [1] 211000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1] 210000, (NA), [1]
Wholebody | PFNA wholebody F nglg 15.06, (0.74), [10] 7.57,(0.38), [10] 9.73, (1.72), [10] 7.54, (0.37), [10] 7.54, (0.37), [10]
Wholebody | PFNA wholebody M nglg 15.03, (0.78), [10] 7.55, (0.39), [10] 8.82, (1.82), [10] 7.52, (0.39), [10] 7.52, (0.39), [10]
Wholebody | PFBS water NA | ng/L 366000, (NA), [1] 184000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1] 183000, (NA), [1]
Wholebody | PFBS wholebody F ng/g 3.8, (0.16), [10] 1.91, (0.08), [10] 2.01, (0.27), [10] 1.9, (0.08), [10] 1.9, (0.08), [10]
Wholebody | PFBS wholebody M ng/g 5.1, (1.9), [10] 1.88, (0.07), [10] 2.13, (0.41), [10] 1.87, (0.07), [10] 1.87, (0.07), [10]
Wholebody | 6:2 FTS water NA | ng/L 106000, (NA), [1] 53500, (NA), [1] 53200, (NA), [1] 53200, (NA), [1] 53200, (NA), [1]
Wholebody | 6:2 FTS wholebody F nglg 0.19, (0.01), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10]
Wholebody | 6:2 FTS wholebody M nglg 0.19, (0.01), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10] 0.09, (0), [10]
Wholebody | 8:2 FTS water NA | ng/L 103000, (NA), [1] 52000, (NA), [1] 51700, (NA), [1] 51700, (NA), [1] 51700, (NA), [1]
Wholebody | 8:2 FTS wholebody F ng/g 0.2, (0.02), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9] 0.1, (0), [9]
Wholebody | 8:2 FTS wholebody M ng/g 0.24, (0.12), [11] 0.1, (0), [11] 0.1, (0), [11] 0.1, (0), [11] 0.1, (0), [11]
Wholebody | C68LOW water NA | ng/L 38500, (NA), [1] 19300, (NA), [1] 19200, (NA), [1] 19200, (NA), [1] 19200, (NA), [1]
Wholebody | C68LOW wholebody F nglg 14.46, (5.3), [10] 1.92, (0.07), [10] 2.71, (0.6), [10] 1.93, (0.09), [10] 1.91, (0.07), [10]
Wholebody | C68LOW wholebody M nglg 14.17, (3.46), [10] 1.92, (0.07), [10] 3.08, (0.65), [10] 1.96, (0.14), [10] 1.91, (0.07), [10]
Wholebody | C68MED water NA | ng/L 219000, (NA), [1] 110000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1] 109000, (NA), [1]
Wholebody | C68MED wholebody F ng/g 5.02, (2.47), [10] 1.96, (0.06), [10] 2.41, (0.68), [10] 1.95, (0.06), [10] 1.95, (0.06), [10]
Wholebody | C68MED wholebody M ng/g 4.25, (1.08), [9] 1.96, (0.04), [9] 2.13, (0.37), [9] 1.95, (0.04), [9] 1.95, (0.04), [9]
Wholebody | C68HIGH water NA | ng/L 221000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1] 111000, (NA), [1]
Wholebody | C68HIGH wholebody F nglg 15.39, (3.67), [10] 6.75, (0.41), [10] 10.28, (6.36), [10] 6.72, (0.4), [10] 6.72, (0.4), [10]
Wholebody | C68HIGH wholebody M nglg 15.38, (3.78), [10] 7.11, (0.56), [10] 7.93, (1.62), [10] 7.08, (0.56), [10] 7.08, (0.56), [10]
Wholebody | FTSLOW water NA | ng/L 34200, (NA), [1] 17200, (NA), [1] 17100, (NA), [1] 17100, (NA), [1] 17100, (NA), [1]
Wholebody | FTSLOW wholebody F ng/g 7.66, (0.33), [10] 3.85, (0.17), [10] 4.68, (1.17), [10] 3.83,(0.17), [10] 3.83, (0.17), [10]
Wholebody | FTSLOW wholebody M ng/g 7.53, (0.32), [10] 3.78, (0.16), [10] 3.95, (0.21), [10] 3.76, (0.16), [10] 3.76, (0.16), [10]
Wholebody | FTSMED water NA | ng/L 107000, (NA), [1] 53700, (NA), [1] 53400, (NA), [1] 53400, (NA), [1] 53400, (NA), [1]
Wholebody | FTSMED wholebody F ng/g 3.77,(0.18), [10] 1.89, (0.09), [10] 2.3, (0.49), [10] 1.88, (0.09), [10] 1.88, (0.09), [10]
Wholebody | FTSMED wholebody M ng/g 3.79, (0.15), [10] 1.91, (0.08), [10] 1.91, (0.06), [10] 1.9, (0.08), [10] 1.9, (0.08), [10]
Wholebody | FTSHIGH water NA [ ng/L 216000, (NA), [1] 109000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1] 108000, (NA), [1]
Wholebody | FTSHIGH wholebody F ng/g 17.38, (6.83), [10] 6.67, (0.43), [10] 10.12, (2.84), [10] 6.69, (0.44), [10] 6.64, (0.43), [10]
Wholebody | FTSHIGH wholebody M ng/g 13.49, (0.91), [10] 6.78, (0.45), [10] 8.1, (1.58), [10] 6.75, (0.45), [10] 6.75, (0.45), [10]
Wholebody | Control water NA | ng/L 22200, (NA), [1] 11200, (NA), [1] 11100, (NA), [1] 11100, (NA), [1] 11100, (NA), [1]
Wholebody | Control wholebody F ng/g 0.45, (0.23), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10] 0.1, (0), [10]
Wholebody | Control wholebody M ng/g 0.78, (0.12), [10] 0.1, (0), [10] 0.1, (0.01), [10] 0.1, (0), [10] 0.1, (0), [10]
Serum PFOS serum F ng/mL | 36.37, (2.05), [10] 18.27, (1.03), [10] 18.19, (1.02), [10] 18.19, (1.02), [10] 18.19, (1.02), [10]
Serum PFOS serum M ng/mL | 33.28, (3.96), [9] 16.7, (2.01), [9] 16.67, (1.99), [9] 16.67, (1.99), [9] 16.67, (1.99), [9]
Serum PFOS water NA | ng/L 191000, (NA), [1] 96000, (NA), [1] 95500, (NA), [1] 95500, (NA), [1] 95500, (NA), [1]
Serum PFOA serum E ng/mL | 1.96, (0.08), [10] 0.99, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA serum M ng/mL | 1.96, (0.07), [10] 0.99, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10] 0.98, (0.04), [10]
Serum PFOA water NA | ng/L 398000, (NA), [1] 2e+05, (NA), [1] 199000, (NA), [1] 199000, (NA), [1] 199000, (NA), [1]
Serum PFHxS serum F ng/mL | 2.23, (0.59), [10] 1.12, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10] 1.11, (0.29), [10]
Serum PFHXS serum M ng/mL | 2.17,(0.42), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10] 1.09, (0.21), [10]
Serum PFHXS water NA | ng/L 422000, (NA), [1] 212000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1] 211000, (NA), [1]
Serum PFHXA serum F ng/mL | 2.06, (0.21), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9] 1.03, (0.11), [9]
Serum PFHXA serum M ng/mL | 2.13,(0.29), [10] 1.07, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10] 1.06, (0.14), [10]
Serum PFHXA water NA | ng/L 407000, (NA), [1] 205000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1] 204000, (NA), [1]
Serum PFNA serum F ng/mL | 297.2, (9.45), [10] 149.1, (4.72), [10] 148.6, (4.99), [10] 148.6, (4.99), [10] 148.6, (4.99), [10]
Serum PENA serum M ng/mL | 287.6, (13.17), [10] 144.3, (6.58), [10] 144, (6.46), [10] 144, (6.46), [10] 144, (6.46), [10]
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Serum PENA water NA | ng/lL__| 368000, (NA), [1] 185000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1] 184000, (NA), [1]
Serum PFBS serum F ng/mL_|_2.43, (0.78), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10] 1.22, (0.39), [10]
Serum PFBS serum M__| ng/imL | 2.37, (1.03), [10] 1.19, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10] 1.18, (0.52), [10]
Serum PFBS water NA | ng/lL__| 402000, (NA), [1] 202000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1] 201000, (NA), [1]
Serum 6:2FTS serum F ng/imL | 1.7, (0.43), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10] 0.85, (0.22), [10]
Serum 6:2 FTS serum M__ | ng/imL | 1.72, (0.46), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10] 0.86, (0.23), [10]
Serum 6:2 FTS water NA | ng/lL | 93900, (NA), [1] 47200, (NA), [1] 47000, (NA), [1] 47000, (NA), [1] 47000, (NA), [1]
Serum 82 FTS serum F ng/imL_|_1.72, (0.49), [10] 0.87, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10] 0.86, (0.24), [10]
Serum 8:2FTS serum M__| ng/imL | 1.49, (0.32), [10] 0.75, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10] 0.74, (0.16), [10]
Serum 8:2FTS water NA | ng/L | 101000, (NA), [1] 50700, (NA), [1] 50500, (NA), [1] 50500, (NA), [1] 50500, (NA), [1]
Serum C68LOW serum F ng/imL | 19.09, (0.91), [10] 9.6, (0.46), [10] 9.54, (0.45), [10] 9.54, (0.45), [10] 9.54, (0.45), [10]
Serum C68LOW serum M| ng/imL | 19.64, (0.91), [10] 9.87, (0.46), [10] 9.8, (0.43), [10] 9.8, (0.43), [10] 9.8, (0.43), [10]
Serum C68LOW water NA | ng/lL__| 40400, (NA), [1] 20300, (NA), [1] 20200, (NA), [1] 20200, (NA) [1] 20200, (NA), [1]
Serum C68MED serum F ng/mL_|_95.8, (4.21), [10] 48.2, (2.19), [10] 47.97, (2.17), [10] 47.97, (2.17), [10] 47.97, (2.17), [10]
Serum C68MED serum M__| ngimL | 95.74, (2.27), [10] 48.12, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10] 47.92, (1.14), [10]
Serum C68MED water NA | ng/lL__| 97800, (NA), [1] 49100, (NA), [1] 48900, (NA), [1] 48900, (NA), [1] 48900, (NA), [1]
Serum C68HIGH serum F ngimL_|_297.2, (6.76), [10] 149.1, (3.38), [10] 148.4, (3.86), [10] 148.4, (3.86), [10] 148.4, (3.86), [10]
Serum C68HIGH serum M_ | ng/mL | 294.78, (13.51), [9] 148, (7.02), [9] 147.33, (6.86), [9] 147.33, (6.86), [9] 147.33, (6.86), [9]
Serum C68HIGH water NA | nglL | 211000, (NA), [1] 106000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1] 105000, (NA), [1]
Serum FTSLOW serum F ng/mL | 18.98, (0.76), [10] 9.54, (0.38), [10] 9.49, (0.37), [10] 9.49, (0.37), [10] 9.49, (0.37), [10]
Serum FTSLOW serum M__| ng/imL | 18.89, (0.75), [10] 9.5, (0.37), [10] 9.45, (0.36), [10] 9.45, (0.36), [10] 9.45, (0.36), [10]
Serum FTSLOW water NA | ng/lL__| 39200, (NA), [1] 19700, (NA), [1] 19600, (NA), [1] 19600, (NA), [1] 19600, (NA), [1]
Serum FTSMED serum F ng/imL_|_89.2, (3.56), [10] 44.85, (1.78), [10] 44,6, (1.78), [10] 44.6, (1.78), [10] 44.6, (1.78), [10]
Serum FTSMED serum M | ng/mL | 92, (3.88), [10] 46.25, (1.94) [10] 46.02, (1.97), [10] 46.02, (1.97), [10] 46.02, (1.97), [10]
Serum FTSMED water NA | ng/L_| 117000, (NA), [1] 58900, (NA), [1] 58600, (NA), [1] 58600, (NA), [1] 58600, (NA), [1]
Serum FTSHIGH serum F ng/mL | 300.2, (13.96), [10] 150.7, (7.17), [10] 150.4, (7.11), [10] 150.4, (7.11), [10] 150.4, (7.11), [10]
Serum FTSHIGH serum M__| ng/imL | 297.6, (16.14), [10] 149.4, (8.25), [10] 149, (8.18), [10] 149, (8.18), [10] 149, (8.18), [10]
Serum FTSHIGH water NA | nglL__| 2e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1] 1e+05, (NA), [1]
Serum Control serum F ng/imL_|_2.93, (1.36), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10] 1.47, (0.68), [10]
Serum Control serum M | ng/mL | 2.1, (0.62), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10] 1.05, (0.31), [10]
Serum Control water NA | nglL_ | 21400, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1] 10700, (NA), [1]
Serum PFOS Brain F nglg 1725.71, (283.25), [7] | 867.86, (141.77), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7] | 864.29, (142.59), [7]
Serum PFOS Brain M__| nglg | 2001.43,(413.9),[7] | 1004.86, (208.92), [7]] 1000.43, (208.03), [7]| 1000.43, (208.03), [7]|_1000.43, (208.03), [7]
Serum PFOS Kidney F nglg 1218.57, (133.22), [7] | 612.86, (68.01), [7] | 609.86, (67.21). [7] | 609.86, (67.21),[7] | 609.86, (67.21), [7]
Serum PFOS Kidney M| nglg | 855.29, (101.72), [7] | 430.14, (51.87), [7] | 428, (51.53),[7] 428, (51.53), [7] 428, (51.53), [7]
Serum PFOS Liver F nglg | 54.87, (1.64), [7] 27.59, (0.82), [7] 27.41, (0.8), [7] 27.41, (0.8), [7] 27.41, (0.8), [7]
Serum PFOS Liver M__ | nglg | 54.97,(3.01),[7] 27.64, (1.51), [7] 27.5, (1.48), [7] 27.5, (1.48), [7] 27.5, (1.48), [7]
Serum PFOA Brain F nglg 1345, (307.37), [7] 675.29, (154.29), [7] | 672.14, (153.72), [7] | 672.14, (153.72),[7] | 672.14, (153.72), [7]
Serum PFOA Brain M| nalg 1404.29, (252.84), [7] | 706.29, (127.76), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7] | 702.86, (127.03), [7]
Serum PFOA Kidney F nglg 1219.86, (119.9), [7] | 612, (59.88), [7] 609.14, (59.56), [7] | 609.14, (59.56), [7] | 609.14, (59.56), [7]
Serum PFOA Kidney M_ | nglg | 818.86, (112.11), [7] | 411.57,(56.39), [7] | 409.57, (56.39), [7] | 409.57, (56.39),[7] | 409.57, (56.39), [7]
Serum PFOA Liver F nglg | 54.09, (1.91), [7] 27.17, (0.95), [7] 27.04, (0.98), [7] 27.04, (0.98), [7] 27.04, (0.98), [7]
Serum PFOA Liver M | nglg | 55.86, (1.77),[7] 28.07, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7] 27.94, (0.91), [7]
Serum PFHXS Brain F nglg__|_218.43, (61.06), [7] 109.66, (30.53), [7] | 109.24, (30.67), [7] | 109.24, (30.67). [7] | 109.24, (30.67), [7]
Serum PFHXS Brain M| nglg | 205.57, (53.78), [7) 103.36, (26.9), [7] 102.81, (26.69), [7) | 102.81, (26.69), [7] | 102.81, (26.69), [7]
Serum PFHXS Kidney F nglg | 216, (29.78), [7] 108.56, (15.06), [7] | _107.7, (14.92), [7] 107.7, (14.92), [7] 107.7, (14.92), [7]
Serum PFHXS Kidney M| nalg 126.23, (23.94), [7] 63.47, (12.05), [7] 63.17, (12), [7] 63.17, (12), [7] 63.17, (12), [7]
Serum PFHXS Liver F nglg | 57.07, (1.69), [7] 28.7, (0.84), [7] 28.51, (0.82), [7] 28.51, (0.82), [7] 28.51, (0.82), [7]
Serum PFHXS Liver M__| nglg_ | 56.76, (1.6), [7] 28,51, (0.81), [7] 28.39, (0.79), [7] 28.39, (0.79), [7] 28.39, (0.79), [7)
Serum PFHXA Brain F nglg | 2.85, (2.24),[7] 1.43, (1.13), [7] 1.47, (1.1), [7] 1.42, (1.12), [7] 1.42, (1.12), [7]
Serum PFHXA Brain M| nalg 1.75, (0.23), [7) 0.88, (0.12), [7] 1.13, (0.16), [7] 0.87, (0.12), [7] 0.87, (0.12), [7]
Serum PFHXA Kidney F nglg 1.36, (0.18), [7] 0.68, (0.09), [7] 0.73, (0.18), [7] 0.68, (0.09), [7] 0.68, (0.09), [7]
Serum PFHXA Kidney M| nglg_ | 0.78,(0.09), [7] 0.39, (0.05), [7] 0.4, (0.07), [7] 0.39, (0.05), [7] 0.39, (0.05), [7]
Serum PFHXA Liver F nglg | 0.46, (0.22), [7] 0.23, (0.11), [7] 0.23, (0.11), [7] 0.23, (0.11), [7] 0.23, (0.11), [7]
Serum PFHXA Liver M| nglg | 0.42,(0.13),[7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7] 0.21, (0.06), [7]
Serum 6:2 FTS Brain F nglg | 89.23, (50.24), [7] 44.87, (25.3), [7] 44.64, (25.16), [7] 44.64, (25.16), [7] 44.64, (25.16), [7]
Serum 6:2 FTS Brain M| nalg 132.33, (45.67), [7] 66.41, (22.79), [7] 66.16, (22.86), [7) 66.16, (22.86), [7] 66.16, (22.86), [7]
Serum 62 FTS Kidney F nglg | 33.49, (4.48), [7] 16.83, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7] 16.73, (2.26), [7]
Serum 6:2 FTS Kidney M__| nglg | 22.54, (4.76), [7] 11.33, (2.38), [7] 11.27, (2.41), [7] 11.27, (2.41), [7] 11.27, (2.41), [7]
Serum 6:2FTS Liver F nglg 19.76, (0.33), [7) 9.92, (0.15), [7] 9.88, (0.16), [7] 9.88, (0.16), [7] 9.88, (0.16), [7]
Serum 62 FTS Liver M__| nglg 19.7, (0.18), [7] 9.9, (0.07), [7] 9.85, (0.08), [7] 9.85, (0.08), [7] 9.85, (0.08), [7)
Serum 82 FTS Brain F nglg 1225.71, (1125.43), [7]]_614.73, (564.2), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7] | 612.81, (564.51), [7]
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Serum 82 FTS Brain M| nglg | 279.21, (486.05), [7] | 140.09, (243.7). [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7] | 139.33, (242.27), [7]
Serum 82 FTS Kidney F nglg | 73.1, (11.64), [7] 36.74, (5.85), [7] 36.56, (5.83), [7] 36.56, (5.83), [7] 36.56, (5.83), [7]
Serum 8:2FTS Kidney M__ | nglg | 46.01, (6.53), 7] 23.13, (3.26), [7) 23.01, (3.24), [7) 23.01, (3.24), [7] 23.01, (3.24), [7)
Serum 8:2FTS Liver F nglg 19.5, (0.52), [7) 9.79, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7] 9.74, (0.27), [7)
Serum 8:2FTS Liver M__| nglg 19.57, (0.38), [7] 9.83, (0.19), [7] 9.78, (0.18), [7] 9.78, (0.18), [7] 9.78, (0.18), [7)
Serum C6:8 Low Brain F nglg | 310.14, (127.1), [7] 155.84, (64.01), [7] | 155.07, (63.46), [7] | 155.07, (63.46), [7] | 155.07, (63.46), [7]
Serum C6:8 Low Brain M | nglg | 251.14, (68.14), [7] 126.13, (34.43), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7] | 125.49, (34.29), [7]
Serum C6:8 Low Kidney F nglg 14.49, (1.76), [7] 7.28, (0.88), [7 7.24, (0.88), [7 7.24,(0.88), [7 7.24,(0.88), [7
Serum C6:8 Low Kidney M_ | nglg | 8.55,(0.88), [] 4.29, (0.44), [7 4.27,(0.44), 7 4.27,(0.44), [7 4.27,(0.44), [7
Serum C6:8 Low Liver F nglg | 9.44,(0.2), [10] 4.75, (0.1), [10 4.72,(0.1), [10 4.72,(0.1), [10 4.72,(0.1), [10
Serum C6:8 Low Liver M__| nglg | 9.57,(0.18), [10] 4.81, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10]
Serum C6:8 Medium | Brain F nglg | 490.29, (32.02), [7] 246.43, (15.96), [7] | 245.29, (16.1), [7] 245.29, (16.1), [7] 245.29, (16.1), [7]
Serum C6:8 Medium | Brain M_ | nglg | 536.86, (48.2), [7] 269.71, (24.07), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7] | 268.29, (24.28), [7]
Serum C6:8 Medium |_Kidney F nglg | 68.39, (9.35), [7] 34.37, (4.71), [7 34.19, (4.68), [7 34.19, (4.68), [7 34.19, (4.68), [7
Serum C6:8 Medium |_Kidney M| nglg | 43.34,(6.47), (7] 21.77, (3.25), [7 21.67, (3.25), [7 21.67, (3.25), [7 21.67, (3.25), [7
Serum C6:8 Medium | _Liver F nglg 18.97, (0.44), [10] 9.54, (0.24), [10 9.49, (0.22), [10 9.49, (0.22), [10 9.49, (0.22), [10
Serum C6:8 Medium | _Liver M__| nglg 19.14, (0.45), [10] 9.62, (0.23), [10 9.57, (0.23), [10 9.57, (0.23), [10 9.57, (0.23), [10
Serum C6:8 High Brain F nglg | 2988.57, (289.33), [7] | 1501.43, (145.19) [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]| 1497.14, (144.19), [7]
Serum C6:8 High Brain M| nglg | 2538.57, (1348.94), [7]| 1276.43, (676.13), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]| 1270.29, (674.45), [7]
Serum C6:8 High Kidney F nglg | 70.8, (9.44), [7] 35.56, (4.73), [7] 35.39, (4.7), [7] 35.39, (4.7), [7] 35.39, (4.7), [7]
Serum C6:8 High Kidney M| nglg | 44.19, (5.1), [7] 22.19, (2.56), [7) 22.07, (2.53), [7] 22.07, (2.53), [7] 22.07, (2.53), [7]
Serum C6:8 High Liver F nglg 19.42, (0.58), [10] 9.75, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10] 9.71, (0.29), [10]
Serum C6:8 High Liver M__| nalg 19.04, (0.53), [9] 9.57, (0.28), [9] 9.52, (0.27), [9] 9.52, (0.27), [9] 9.52, (0.27), [9]
Serum FTS Low Brain F nglg | 273.71, (123.59), [7] | 137.6, (62.01), [7] 136.77, (61.83),[7] | 136.77, (61.83), [7] | 136.77, (61.83), [7]
Serum FTS Low Brain M| nglg | 509.43,(206.32),[7] | 256.14, (103.77), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7] | 254.71, (103.33), [7]
Serum FTS Low Kidney F nglg | 35.69, (2.9), [7] 17.91, (1.45), [7] 17.83, (1.43), [7] 17.83, (1.43), [7] 17.83, (1.43), [7]
Serum FTS Low Kidney M| nglg | 214, (3.36), [7] 10.75, (1.69), [7] 10.7, (1.7), [7] 10.7, (1.7), [7] 10.7, (1.7), [7]
Serum FTS Low Liver F nglg | 9.52, (0.18), [10] 4.78, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10] 4.76, (0.09), [10]
Serum FTS Low Liver M__| nglg | 9.49, (0.21), [10] 4.77, (0.11), [10] 4.75, (0.1), [10] 4.75, (0.1), [10] 4.75, (0.1), [10]
Serum FTS Medium | Brain F nglg | 88.03, (37.78), [7] 44.26, (18.97), [7] 44.03, (18.88), [7] 44.03, (18.88), [7] 44.03, (18.88), [7]
Serum FTS Medium | Brain M_ | nglg 115.39, (46.73), [7] 57.9, (23.4), [7) 57.6, (23.29), [7] 57.6, (23.29), [7] 57.6, (23.29), [7]
Serum FTS Medium |_Kidney F nglg | 34.86, (3.99), [7] 175, (2), [7] 17.41, (2), [7] 17.41, (2), [7] 17.41, (2), [7]
Serum FTS Medium | Kidney M| nolg | 22, (3.53),[7] 11.07, (1.77), [7] 11, (1.75), [7] 11, (1.75), [7] 11, (1.75), [7]
Serum FTS Medium | Liver F nglg | 9.57, (0.19), [10] 4.81, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10] 4.79, (0.09), [10]
Serum FTS Medium | _Liver M__| nglg | 9.53,(0.29), [10] 4.79, (0.15), [10] 4.77, (0.15), [10] 4.77,(0.15), [10] 4.77,(0.15), [10]
Serum FTS High Brain F nglg 127.37, (66.46), [7] 64, (33.36), [7] 63.7, (33.18), [7] 63.7, (33.18), [7] 63.7, (33.18), [7]
Serum FTS High Brain M__ | nglg 116.11, (31.85), [7] 58.37, (16), [7] 58.07, (15.94), [7] 58.07, (15.94), [7] 58.07, (15.94), [7]
Serum FTS High Kidney F nglg | _68.99, (13.26), [7] 34.66, (6.65), [7] 34.49, (6.63), [7] 34.49, (6.63), [7] 34.49, (6.63), [7]
Serum FTS High Kidney M__| nglg | 43.59, (5.47), [7] 21.9, (2.74), [7] 21.8, (2.74), [7] 21.8, (2.74), [7] 21.8, (2.74), [7)
Serum FTS High Liver F nglg 19.43, (0.33), [10] 9.75, (0.16), [10] 9.71, (0.17), [10] 9.71, (0.17), [10] 9.71, (0.17), [10]
Serum FTS High Liver M| nalg 19.41, (0.51), [10] 9.76, (0.26), [10] 9.7, (0.25), [10] 9.7, (0.25), [10] 9.7, (0.25), [10]
Serum Control Brain F nglg 1.33, (0.26), [7) 0.67, (0.13), [7] 0.96, (0.35), [7] 0.69, (0.11), [7] 0.67, (0.13), [7]
Serum Control Brain M__ | nglg 1.22, (0.11), [7] 0.61, (0.05), [7] 1.02, (0.17), [7] 0.66, (0.07), [7] 0.61, (0.05), [7]
Serum Control Kidney F nglg 1.6, (0.14), [7] 0.8, (0.07), [7] 0.84, (0.08), [7] 0.8, (0.07), [7] 0.8, (0.07), [7]
Serum Control Kidney M_ | nglg_ | 0.87,(0.09), [7] 0.44, (0.04), [7] 0.47, (0.06), [7] 0.43, (0.04), [7] 0.43, (0.04), [7]
Serum Control Liver F nglg | 0.33, (0.04), [7] 0.17, (0.02), [7] 0.17, (0.02), [7] 0.17, (0.02), [7] 0.17, (0.02), [7]
Serum Control Liver M_ | nglg_ | 0.28,(0.09),[7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.12, (0.01), [7] 0.12, (0.01), [7]
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Figure SI3.1. Tissue concentrations by dose and by above reporting limit (black) or above detectionflagit (ked) with

regressions (blue only quantitative data, red all data) to indicate biasing by inclusion or excludiag dath. Relative

concentrations ahoverlap of quantitative andflhg data indicate that rarely is meaningful bias outweigh the value of including

additional individuallevel data. Note that relative concentration patterns in serum are all quantitative data, so other tissues are unlikely
uncertain detections. However, in the brain samples, few samples are above detection and the assertion of low biasa@danot be
Accordingly, only in the brain areflag data excluded.
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Figure S13.2. Graphical description of how mixed effects models that explain relationship between dose and tissue with overall fixed
model (left), varying intercept (centsft), varying intercept and slopes (centigiht), and how individuallydriven residual

distibtu i ons can mask false 6émi xture effectsd (right). RASd i s
specific models, and the light blue represents residual distributions.
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Table SI3.9. PFAS doses (mg/kd) based omeasurediosing solutions by treatment type, treatment, dose level, and study. n=1 for
all. Bold indicates intentionally dosed PFAS, others are impurities. PFAS in Method 1633 Analyte list that are not shoadrizere

detections. Values are reported with numifesignificant digits as provided in analytical reports. Dasinflicates nordetect.
Type Treatment Dose Level Study PFOS PFHXS  PFHxA PFOA 6:2 FTS 8:2 FTS PFBS PENA PFPeS PFHpS PENS PFHpA 4:2 FTS ~ NFDHA
Whole
Mixtures C6-8 Low  Body 0.428 0.3350 0.207 0.125 . ) 0.000579 ) 0.00455 0.00585 0.000245 0.000316 ) )
Serum  0.416  0.2980  0.144 0.107 - - 0.000618 - 0.00413 0.00568 0.000236 0.000284 - -
Whole
Medium  Body 1.08 0.6610 0.410 0.173 . ) 0.00121 ) 0.00973 0.0128 . ) . .
Serum  0.649  0.4690  0.219 0.185 - - 0.000859 - 0.00618 0.00917 - - - -
Whole
High  Body 1.76 1.070 0.566 0.391 . ) 0.00182 ) 0.0145 0.02160 . 0.00130 ) )
Serum 1.83 1.190 0.636 0.469 - - 0.00232 - 0.0158  0.0227 - 0.00143 - -
Whole
FTS Low Body  0.407  0.0152 0.000375 0.000863  0.0530 0.0201  0.000301 0.00251 0.0057 0.000246 0.000213
Serum  0.438  0.0143 0.000339 0.000850  0.0509 0.0229  0.000281 - 0.00227 0.00577 0.000260 0.000217 - -
Whole
Medium  Body  0.817  0.0346 0.000731 0.00199 0.153 0.0403  0.000622 ) 0.00540 0.0114 ) ) ) )
Serum  0.750  0.0299 0.000858 0.00159 0.111 0.0349 - - 0.00488  0.0103 - - - -
Whole
High  Body 1.49 0.0620  0.00131  0.00302 0.218 0.0398  0.00121 ) 0.0103  0.0196 ) ) ) )
Serum 1.73 0.0558  0.00144  0.00365 0.188 0.0620  0.00104 - 0.00850 0.0222  0.00114 - - -
Whole
Singles PFOS High  Body 1.75 0.0642 . 0.00237 . ) ) ) 0.00982 0.0215 . ) . .
Serum 1.39 0.0513 0.001130 0.00415 - - - - 0.00848 0.0180 0.000978 0.00096 - -
Whole
PFHxS High  Body . 1.780 . 0.00296 . ) 0.00207 ) 0.00950 . . ) ) )
Serum - 1.410 - - - - - - 0.00637 - - - - -
Whole
PFHxXA High  Body . ) 2.33 . ) ) ) ) ) ) ) ) ) )
Serum - - 2.04 - 0.203 - - - - - - - - -
Whole
PFOA High  Body . . 0.003510 2.46 . . . . . . . ) . .
Serum - - - 1.78 - - - - - - - - - -
Whole
6:2 FTS High  Body ) ) ) ) 1.62 0.0182 ) ) ) ) ) ) 0.00477
Serum - - - - 1.67 0.0212 - - - - - - 0.00469 -
Whole
8:2 FTS High  Body 0.000626 . . 0.000669 . 1.60 ) 0.00485
Serum - - - - - 1.54 - 0.00446 - 0.00185 - - - -
Whole
PFBS High  Body . . . . . . 1.91 . . . . ) . .
Serum - - - - - - 2.02 - - - - - - 0.00611
Whole R } } R ; ) ) : : : )
PFNA High  Body 2.09 0.00326
Serum - - - - - - - 1.86 - - - 0.00320 - -
Whole
Control Body
Serum - - - - - - - - - - - - - -
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Figure SI3.3. Relationships between tissue concentration (ng/g or ng/mL) and dose {@ddPFAS with PFASpecific linear
models. Points are individual PFAS data (higher color intensity indicates more data overlapping) and all treatmentsaaad sexes
combined. Theverall appearance of parallel lines indicate that relationship between dose and tissue sp&dfcSand

independent of mixtures and supports
PFHXA, PFPeS)ar consi dered O0traced dat a
Points without lines indicate that PFAS was not present in multiple doses.

178

an

Oaddi t iSenee@ataa(@gp,r o ac h
(above detection, bel ow

r er



Brain Brain Kidney Kidney
F M F M

10,0007 / r'-" /
100- / :
O =
E L J
IS 11
£
g
5 Liver Liver Serum Serum
w
P F M F M
°
[@)]
£
> 10,000 -
[}
o
S
= 100-
@]
c
.§ 1-
O
2 Wholsbody Wholebody 0001 0010 0100 1.000 0001 0010 0100 1.000
z F M ~ 62FTS = PFHpS
g T3FTCA = PFHXA
2 ~ 82FTS = PFHxS
S 10,0004 EtFOSAA -~ PEMBA
£ 10 MeFOSAA — PENA
= N-EtFOSE PFNS
N-MeFOSE = PFOA
100 PFBA = PFOS
- PFBS PFPeA
PFDA = PFPeS
1 PFDoA PFTeDA
PFDoS PETrDA
PFDS PFUNA
0001 0010 0100 1.000 0001 0010 0100 1.000 PFHPA

Dose (mg/kg-d)
Figure SI3.4. Data fromFigure SB.3but grouped by sex. Note 6:2 FTS appears to be the only PFAS meaningfully influenced by sex.
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Figure SI3.5. Loge predicted tissue concentrations (with confidence intervals) assuming meadiancgpt and median legose
(points) around mean = 1.97*median and maximum regression sigmas. The interpretation is that few predicted concentrations are
distinguishable when accounting for individuals and tisspexific slopes. i.e. the slopes produce similar estimates anakapately
parallel on a logscale.
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Figure SI3.6. Mean concentration of PFAS detected in tissues of control mice. All PFAS wedetemt in control dosing solutions
(seeTable SB8.9).

Wholebody, liver, brain, or kidney (ng/g);
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Figure SI3.7. Mean PFAS concentrations in tissues of mice exposed to single PFARI8e&B.1 for nominal andrable S8.9 for
measured doses.
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Figure SI3.8. Mean PFAS concentrations in tissues of mice exposed to mixtures of PFAS at low, medium, and high dose groups,
respectivelySeeTable SB.1 for nominal andrable SB.9 for measured doses.
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Figure S13.9 Replica ofFigure3.4 in text but with mixture and impuritpased model (black and gray) not extrapolated throughout
the full dose range. Colanatched dashed line is the model fit with all data, triangle is the mean of singleton treatment, and error bars

Dose, mg/kg-d

are 95% confidencetervals of the singleton treatments.
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Figure SI13.10. Extrapolated relationship between dose (mglkgnd serum (ng/mL) when predicted from mixture treatments or
impure mixtures (black points, black line, gray confidence intervals) are consistent with models that utilize all datzgttzshe

matched line).

185



PFOS PFOA
-
300,000 - 100,0001
. 7 i
200,000 1 " 10.000-
//‘
100,000 - 1,000 g
!/’t‘
o _ | 100 il" . . |
> 05 07 1.0 0.001 0.010 0.100 1.000
g’ PFHxA 6:2FTS
— 100,000 —
e 1,000 ; -
5 -
31 10 :
I [}
07 1.0 2.0 01 03 10

Dose, mg/kg-d

100,000 1

10,000 1

1,000

PFHxS

0.03 0.10 030 1.00

8:2 FTS
100,000 A z
30,000 A
10,000 1 ‘ }_/,g
3,000 - ;/. . . .
0.03 0.10 0.30 1.00

Figure SI3.11. Extrapolated relationship between dose (mglkgnd liver (ng/g) when predicted from mixture treatments or impure
mixtures (black points, black line, gray confidence intervals) are consistent with models that utilize all data (dashedatwdr
line). Mismatch in 6:2 FTS is due to female mice elimination, detection limits, and not likely representative of an actual mixture

interaction.
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Figure S13.12. Extrapolated relationship between dose (mglkgnd kidney (ng/g) when predicted from mixture treatments or
impure mixtures (black points, black line, gray confidence intervals) are consistent with models that utilize all datz¢ttzshe
matched line)Mismatch in 6:2 FTS is due to female mice elimination, detection limits, and not likely representative of an actual
mixture interaction.
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