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Introduction Results
6PFSA andPFCA Concentrations: G to C PFCA Chain Length Patterns in Tissues/Blood
Poly- and per-fluoroalkyl substances (PFASs) are some of the newer emerging contaminants that have Tissue/Blood Distribution 000
been detected In Arctic biotic and abiotic compartments, and retrospective temporal reports have shown 5000 300 = | PFCAS - X
that in general their levels have been steadily increasing since the 1970s (1-3). The two groups of PFASSs o Y1 tc{!a =
that have been of notable concern in Arctic ecosystems are perfluoroalkyl carboxylates (PFCAs) and 4000 = SR ~ PEPA (0
perfluoroalkyl sulfonates (PFSAS) (1-3). In general, reports have shown that PFSAs with chain lengths > H 200 § "I PFTeAG,)
Ce and PFCAs > Cg tend to bioaccumulate and biomagnify in aquatic food webs. S 3000 o 6% - iEE“éil‘%g)’
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Polar bears (Ursus maritimus) are apex predators and may serve as indicators of pollution effects at ® 2000 % 40% = iim ((}fi;)
higher trophic levels in Arctic marine ecosystems. It has been reported that polar bears, and particularly 3 ot @ f ﬁEgQA (%
those from East Greenland, contain some of the highest PFAS concentrations in their liver relative to é 1000 - £ 500 m PFHXA (§
other wildlife worldwide, and in particular for the highly bioaccumulative perfluorooctane sulfonate %
(PFOS) and also for some PFCAs (1-3). Recent exponential increases (from about 2000 to 2006) have 0 | 0 H H aX 0%
been reported for perfluorodecanoic acid (PFDA), periluorotridecanoic acid (PFTrDA) and PFOS (as high Liver Blogd  Brain  Muscle Adipose \iver " Blood MusclelAdipose Brain
as 6,340 ng/g ww) in the livers of East Greenland polar bears (4). SSUE Tissue
Figure 1Arithmetic mean concentrationsi¢/g ww) SEof 1 PFCAs and Figure 2:Arithmetic mean prcentage composition of individual PFCA RF-CA
The majority of PFCA and PFSA (and selected precursor) studies have focused on liver concentrations WFPeme i ine (ved, n/ooel, loEm, MUss!s, e selpose feeue . concentrationsin the liver, blood, brain, muscle, and adipose tissue .
due to high hepatic concentrations, while a few (including human studies) have examined concentrations
In blood. Trans_port and distribution of I_DF_CAS, PFSAs, and their precursors throughout _the boc_ly have not 6PFCAConcentationand Extractable Lipid Linear and Branched PFOS Isomer Patterns
been fully elucidated, although PFOS in liver and plasma has been shown to be associated with proteins - _ _ Content
such as serum albumin and fatty acid binding proteins (5). We recently reported that specifically within Key FlﬂdlngS/DISCUSSIOﬂ |
regions of the brain of polar bears, longer-chain PFCAs (C,, 1 C,;) are also strongly correlated with 24 ngfg < 0.00001
extractable lipid content (6). The present study examined the distribution and patterns of PFCAS, fConcentrations of PFCA ¥PFSA é . .
PFSAs and selected precursors (6,7), as well as PFOS branched and linear isomers (8,9), In the decreased in the following order: Liver 2 . !
body of highly exposed East Greenland polar bears by examination in the liver, blood, muscle, (4466 ng/gww) >> Blood (221 ng/g 2 )
adipose, and brain. ww) > Brain (115 ng/fgw) > Muscle O
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StUdy DGSlgn & Methods fThe dominant PFCA varied by tissue: g A o - consedula
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Sample Collection (PFNA (¢ and PFUA (Q),whereas O :‘: . @ Stistur
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Liver, blood, muscle, adipose, and braamples (8egions), detailed below, contained more long chain PECAS -
\r/]veretakedn l;‘rolm Z?hEast Grfeenland Polgr Bearsd(14 males, 6 fermales . (PFUA (), PFTHAC.)) Fig. 2 (7). 0 10 20 30
arvested by local hunters from Scoresby Sound, East Greed@maary to | Neutral Fraction A Lipid Content in Brain Compartment (%)
March 2006. (PEAArecursors): Ao fThe concentration ratios between (g lipid/g tissue)x100%
Al 19 Ap 4 Medull 1A EluteFTOHs and S nalyze Dy PFOS and its precursperfluorooctane | - | N
Iiver (n=19) onsan edulla (n=14)ATemporalCortex “OSA LCAPP sulfonamide (FOSA) varied among Figure 3Correlation between lipid content an®ECA Figure 4/Arithmetic mean prcentage composition of
AWhole Blood (n = 194Cerebellumn=15) (n=15) . MS/MS . | e N S individuallinear and branched PFOS isomers found in the
with MeOH tissues from 941) :1 (muscle) to 36 concentrations in the brain regions of individual bears. .. 11064 brain. muscle. and adinose
AMuscle (n = 20) AFrontalCortex (n=16)  AStriatum(n=11) (£7) :1 (liver) (not shown)gj. ’ ’ ’ ’ POSE:
AAdipose (n =20)  AOccipitalCortex (n=17) AThalamugn=8)
AHypothalamugn=4) Acidic Fraction B fA strong and highly significant correlation existed between the concentration QfRR€Aand lipid content for all regions of the braikig. 3 (6).
(PFAAS): This correlation was not observed in the other tissues and blood (not shavand.normalizedlw) PFOS and PFCAL{C.) concentrations were not
Extraction andCleanrup (6-9) ElutePFCAs, PFSAS Anal " significantly >0.05) different among brairegions.
: Clean extracts by, and FTUAs with | — e 0 | | | _ _ | o
0.1-1.0g tissue, Extract SPE 1% NHOHMeOH | GESIMS/MS Brain regions with both the highest PFCA, PFOS and FOSA concentrations and the highest lipig@asiteati(lla, thalamus, and
spikedwith |—| PFAAs/precursors|—s usinga WAX hypothalamus), and are also the brain regions that receive the freshest supply of blood (i.e.: the most oxygen andichir@osest to the
Internal with 10mM KOH in Cartridae and elute T B Incoming internal carotid arteries and vertebral arteries). A similar result was found for a comparable PFAS data fog tinaiisaegions, but from
Standards ACN/HO (80/20 v/v) fragctions i recon'imuted i é’o’ pa’rtitioned bears collected in winter 2011 (R.J. Letcher, unpublished results).
v Into TBAHdiethyl ether
fLinear PFOS{AFOS) accounted for 93 ® p -PFGStsomer concentrations in the liver, whereas the proportion was significantly I9werA :
Samples were analyzed folmternal Standards Used: PEOS linear anc (p<0.05) in the bloodRig. 4 8). nt Ch{ 6l & (0KS 2yfé& tCh{ Aa2YSN)I O2yairaitaSyife RSUSOI
PEAAS: 133':53:@":58:’ PENA, PFDA, branched isomers: the liver and blood, and-Berfluoromethylheptanesulfonate (P6MHpS) was the dominant branched isomer.
';'ESAAS 66 i) 180 PFH’XSL?’CPFOS Tetrabutylammoni _ . _ _
PFSAS (£6 G Qo um hydroxide . Analyze by The tissueand bloodspecific concentrations and patterns of PFCAs, PFSAs (PFOS), FOSA and PFOS structural isom
PFAA precursors: +C PFOSANMeFOSA (TBAH) GCMS(ECNI) suggested PFAspecific pharmacokinetics, and due to differences in e.g. protein affinities and interactions, and also lip
-FOSA (PFOSAMé-FOSAYSC 6:2, 8:2, 10:2 FTOH i . . . .. L
FTOHSs (6:2, 8:2, 10:2) 13C 62, 8:2. 10-2 FTUCA derivatization(GC association Iin the brain, as well as transport, absorption, and/or metabolism in the body. This In turn suggests that th
-FTUAs (6:2, 8:2, 10:2 In-port) to butyl may be tissuespecific , PFA®Iated toxicities and effects.
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