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ABSTRACT:Pecfuorinsied_chemicils (PFCs) re ofconcem duetother [Fass =
‘widespreadus,persistencein the environmen,tendencytoaccumulatein animal - FE
asc,and rovingevidenceoftos. Between 2006 and 2011wecollected =e
bloodplansfrom 261bud eaglenestlingsin s study areas rom theupper 2X
Midwest UnitedSates.Samples wre esdfor levlsof16diffe PFCs.| e
a =

empers trendsfor these analyte.We oundlees igh 17570ng/ml. for the &
sum of al 16 PCy (SPFCs). Perfuorooctuncsulionate (PFOS) and & —peunrodecnesilonse(FEDS) werthemosabundun arabes,making op & Fa
7% nd ohICbrnrapeLevisofSPEC, EOSwdFDS (0, oe

‘verehighest in mreun and dust res, moderieon akeSuperior, nd =) | i
en Cotewvfoe comerarin [ERT

in SFC andseven analytes, including PFOS, PFDS,andperfuoroocanocad = rr
(PFOA)notrend in twoalte;andincreases in two antes,Weargos hat
PDS, 3 lngchinedPECwihpotential forhigh bioxcumultion andfoxy
shou be consideredfor teesmalanbransci

u INTRODUCTION Jie FIC spopli rvs
Perorinsted compounds (PEC) have been in worlwide "Pl in estimating dsbutions” ong term tends and0 oe a, ide routes of human exposure In paral, tine] specs

Tropes pin ohwt dof ing hem cl 20 te id cle (lg), wih ei
TFevteyof propa ncading he productionofptymes for 6h 0 the trophic oodweb,seexcellentsentinel ox PFC
nonstickcomingsin cookwareand food pacagiog,waterand Cootamintion." Eaglesprovidesever tisues (e,bloods
tin repellntsfortextes,andinthemanufactureof lubricants, ‘ethers,andegg) that are relatively easy to obtain 7 and
Sreighing foam, andpodeformation.Th ir reports Pings ce pic sclfor monitoring local ollon
oftheirpresence in human blood werepublishedinthelate Garettet al'* reviewed several studies and estimated home
1960s and 197005 wih indications of sgniicant coin 30631of nesting bd cagesvaried from 1S kt to 217aenon by th 700ta ome Hencecontaminants foundinthiyoungse dicateof
bontey studsofpauoroctnculfnste (PFO) and cootaminaionwilin26kmof he nestingse
peroroocanoc30d(PFOA)inpatos ndited 3 wide Thebadcag ranged across mostofNohAmericabt

singeofdetains csc nding bepstotony, anc od cind in the te 1950s and196s due to indscrminant
death st rltively low dose rte ndsty resarchers began illing habit los, contamination.
toexpressconcernbythelate 1970s° leading tostudiesonthe Populations increased after DDT (dichlorodiphenyitrichloroSes ees in oesapatondly posedwoken? PFCs se Chane)vas banned i theUS.in 1972and Canadain 198
no bits scr. he gabe and many stoishe Theywereremovedfomthe US. LitofEndangeredand
ocumentedthirpertence, ates of secumulationinsnl
and ccs on human heh incoding child behavior? Recevd: March 2014 Exhibit
Sic, rogltors, and managers ar thccore fn need of Rovked: | My §, 2004 2405
information on the spuial patterns snd tempers fends in Acpied: May 20, 2014 rvs
PEC Publubed: Jone 5, 2014 Srv
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Threstened Widife in 2007.” Concem remsins for this phoma rom red blood cel. A serehss pipetvas used to
species, however due to its vlncrabilty to perstont  tranee<10 ml ofplnto 2 polypropylene vialfoans.
polls. Tn this study we report on PEC concentrations in Glas pipettes wee previously baked at 650 °F (343 °C) to
blood plasmaof bald cigle nestlings from the upper Midwest, remove chemical reduss. A smple of syringes, needles
Our objectives were to. evaluate the spat pattems 4nd vacutaines, and vals wee tested by the 3M Envsonmentl
temporal trends of 16 PFC anaes in his region and fo Laborstory, Maplewaod,MN ndvedfeofPEC. Plasma
uggs implicationsofexposure t humans and wide, samples were kept frozen, snl delivered to an analytical

ahortry
BW MATERIALS AND METHODS A neatings (1-4) wee sampled from sch est ules they

ft, Mae we wee 00 youngorold to handle. A single sample was chosen
a ai ond fom cach nestfo anys in his say (brary in 2006,
“Apo Lands National Lakeshre (API); Wisconsin's Lake andomly thea). The remining samples were archived
‘Superior South Shore (LSSS); the upper St. Croix National ~~ 02en (=20 °C) for future analyses.

omy (0 SAR), the Torte ot Crowe Noomal The Wisconsin Sate Laboratory of Hygiene (WSLH) in
Scenic Riveway(1SACN); the Mssisppi National River and Madison, W1was the primary analytical iboratony. To measure
Rovio ves (MISS); ads portion ofPol 3 and4ofhe miboratory varity we conduced bind studies with the
Misisippi Rove (Pook 3 & 4) (Fiore 1). Frommid May US: Envionmental Poteion Agency (USEPA) laboratory inhgh aly Tom cach yest hen ings weve otto mine Research Trngle Pak, NC and the 3M Envcommentl
weeks old, we dimbed to occupied nests, handcapo the Laboratory in Mplewood, MN. Each lboraory worked
nesings and. brought them to the round for sampling, independently,wsunawareof results rom othe laboratories
Neslings wee wigheds ged banded sumpled, and placed 3nd didnot know the locationofsampled nestlings.
buckin themest. Al messnements were sonst wit other Laboratory. Procedures. Esch lboratory sed high
investigators in the upper Midwest: Nesling age was performance liquid chromatography tandem mas spectrom
termined by the length ofth <ighth primary futher andy and gradient ction chromatography to messre concen
ox was detemined byPCRbred genetic amas ations of up to 16. PEC, including the following:
Wetook <11 mL.ofblood fom the brchisvenofnestings ~~ perfluorobutanoie acid (PFBA), perflaorobutancsifonate
wing + sted, 10 mL. pypropykne yinge, and20 gaoge (PFS), perluorodecaoic cd (PFDA), perfuorododecnole
nel. The bod sample was immediately transered to 3 3c (PFDOA), pedfuoredecancslonate (PFDS), peruoro
Serie 10 mi. vacoaner. Within 12 b of collction, samples hepancsfonate (PFHES), pefaoroheptancc aid (PFHpA),
ere cntriged st 1200 rpm for 10-12 min to spate perloorohexanci acd (PFHAA), peduorohexanesalonste

ase 1enee9
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(PFHXS), peruorononanic acd (PFNA) pedlaorooctanoic  cstimtes were above of below zero, “weak” evidence if 570%
acid (PFON), peluorooctncsalfonste (FOS), peuorote but <80% wee above or below ero, and “no evidence” of
tradecancic 3d (PFTEDA), peduropentanoic acd (PFPR), change if <70% were above or below ze. An analyte was
perluorotideconic acid (PFDA), and perlsoroundecanoic determined tobe iher increasing or decreasingif>70% of the
Sed (PFDA). The 16 analytes wee selected. because they posterior estimates wre above or below ser, spectively.
were measurable using standard Wborsory procedures and
believed to be present in the region. W RESULTS AND DISCUSSION

Each Bboratory sed slighly diferent procdures and bad Sample Collection. From2006 though 2011 we called
diffcen limits of quantification (LOG) (see Supporting blood plasms from 261 bald sage neslingsin ix study areas
Information (S1) TaeSIT). Allhee boratris had previous (Table 1). The numberofsampls for ach area vared yearly
experience with PRC analyses and used mati spikes ofknown +1"1 temberofimple or achasvariedyey
concentrations to ass accuracy and surogate spikSS 10 Table1.Disrbution AcrossStudyAreas and Years for Bad
lute cxteiction ffcency. Results from sch iborstory art Eagle Newlings Sampled and Ansys for PEC Analyte
knownonlyto the study author ee
‘Statistical Analyses. Twelveofthe 16 PECsweredetected. sly are 2006" 2007 2008" 200% 2010 2011 wus

by two or more laboratories a levels above ther respective ATS se 5 0 sv ow
LOQ in 59% of their samples, and these were usd for all 1555 © 6 4 0 0 iow

andyses. Four anys (PFDS, PFHpA, PFFRA, and PFPA) ~~ USN 1 8 0 0 un ®
ers inciuded in the EPEC but wer omited from fhe LSKN 3 4 7 9B 5 ow
anys because they wre detected in <25%of the samples, MSS nono om om ow ow
These four comtebuted <1% ofthe total PFC burden Poses 0 0 1s om o4 2
We timated the spatial disrbotion and temporal changes ik Box ow ow 8 wow

in PFCs using regresion analysis in 3 Bayesian atic “APIS=Apo ands Natorsl Likshos, LSS= Lake Superior
famework™2to account fo variability in lboratorics, mising SouthShor,USCN=pper 5. Cok National Sen Riverway,
vues, potential diffences due to age and sex, and for SACN= owsSt.Croix National Scenic Rena, MISS =Misi
measurements that were below 4 lboratory's LOQ, We National KtandRecreation Area Pols3&4 = potions ofpools 3
accounted for the observed PFC levels from the hres 4ontheMisisippRiver. Twoway bind borateryanalsessallamplesnedbyBhorstors 13nd2.Thewaybind bboysborstorie by formulating log ransomed PEC levels (1) Ss sabrod bybtu and Ths wo
for cach individual nest () 3nd. esch sborwory (1) 35 3 y ht
multivariate nomal distbution. The, multivariate nomial
dition i formulated in WinBUGS 5 Y, ~ MVNGi
£0); where2 ithe precision mats for the vectorofandom due to size of the csgle popultion, nest occupancy, andcomponents, ic. the aloes from cachofthe thece LBOrRtOGES. funding. All samples wer andysed by the primary Bbortory,
“The pio for © is 3 Wathrt ditbution. For vues blow ample from 3006 ough 008 were ndyscd by tne
LOGwe bounded the upper imi of 1 by the lowest LOQ.  aboratoies (1 = 114), and samples from 2009 were ansyredfrom the bborsory: by thee laboratories (1 = 39).PEClevelsweremodeled a.functionofaspat coreation. EffectsofLaboratory and Nesting Age. For cach ofthe
term3 time fl,3 tmbyspace let,an fect of ale 8%, 12 analyteswe alulted conelation coefcents (CO) between
an lft of cglet age, and a fxd efect of laboratory (weight paired bboratrkcs, the intraclass corclton cocficient (ICC)was highly comelted with age 30 ws not included). Priors or between al three Laboratories and nt cosficients of
the cstimates of covarite coeicents were based on 3 varsion (CV) (Table S2). Thote anaes found in igh
noninformaive normal distibution # ~ N(00001). To concentrations were. reproduce and. consistent between
account for spatial corelation between eagle temtories we laboratories, PEOS and PEDS made up >90% of the PFC
used the comlated autoregressive model, cacnomal in burden, and they, slong withthesum of ll 16 PEC, hexafer
WinBUGS™ We considered all Like Superior ness, and the PRC, had COs and ICs 50.80 and within abortory CVs
nearest upstream and downstream nests on fives, 3 <36. The les sbondant analytes varied more widely with CC
“neighbors wih spatil weightsofone; all othe nest were and ICC ranging from ~0.12 10 097 and CVs of 12.3 to
‘weighed er. Thetimeby ertory fect was formulated33 7155, These ress are simile to. othee_inedborstory
random variable Nz) where js the mean lo of the comparisons whee large diflcences have been, found. for
candom lft, and the precision parametee 1/0. We tan anaes found at extremely low concentrations Hower,hve chainsfor 0000 cations and carded the fit 25000 mst CCs in aur sty (68%) we above 080 indicating ht,
a bur in Evry 100 value in the chins was used 0 estimate while some laboratory messrements difered in magnitude,
posterior disibutionsof the estimated parameter coeficints. they trended in the same direction.
We secs convergence wing the Gelman Rubin statistic and We found strong evidence (the 95% CI did not include eto)
R hat vals wing livery “coda” We condoted 3 Goodness tht evel of thee anys wee affcted by esi age the
ofFit analysis on cstimates from the iearchical model ganst estimated coefficient for age for PENA wan 117 (95% CI =
esduss of observed PFOS values from all iborstories 3 3 102-135) and for PFU ws 123 (95% CI = 100-127)
check on model sensitivity (= 031). indictng an increase with ge for thse two analytes while the

“The Bayesian framework allowed us 0 interpret the credible coefficient for PFBAwis 077 (95% C1 = 060-100) indicating
intervals (C1) 3 true probalies of change in levels of an 3 decline with age in this analyte. Other PECs sppeared
nye. We concluded ther was “strong evidenceof change” if unafected by 366, The mechanisms involved in agerelated
290% of the posterior cstimates were sbove or below sero, diffrence likely include th bioaccumulative propertiesofcach
“moderte vince of chinge” if 380% but <90% of the yt, sxposure time, and the development of excretory

ws acornsieet1
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Table 2. Extimated Geometric Mesn and Range (ng/mL) in Concentsions of 2 PFC n Blood Plan of Bd EgleNeiogs
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gin and recs in he roving weling, We found m0 lowest soncenatons accion he vem U SAC (163
llc on PEC lvl due t0 nel sex. ng/ml) (Tile 2). Thi patem of higher TPFC concen

PRC Concentrations and Spat Patten. The co roe nc win cones hc hen found 3 ngs of
mt men (GM) ofZPFCeva ight t Pole 3.63 (O41 nvionmentl mates” In 2 st wide. aesmat of
ng/mL) lowed by £SACN (64 ng/mL), MISS (607 ng/ PEC in Minnciot i, fn PECs wee found t highs ee
aL), APIS (552 ng/mL), nd LESS (19 ng/mL), wih he nese Minncspoli/t. Pal, MN thin in more rd srs of he
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sate Simla, 10 PRC in surface vite of the Cape Fear cage nsings ors tha thse decades fe being banned in
Re Ba, NC ec found 3 higher les nc knoe ox North Amira
pected tors 1 wba res nd fn Esk Ach, cues Patterns of Individual Analyte. The 95% credise
have show higher lvl of PECs n air above dusted intrals (n Bayesian. satisis. these ar andlogous to
gions Tendon confidence tev) ovedsp for al PFCs dn al
Tre ae seven sourcesofPECin his region’ but most sady ses (Tal S13): Nonthlss, fe. gene patterns

notable i the 3M Cotge Grove city (Pgs 2, A) which more (Table 2) (1) PROSwafound sl same esting
ed cecrochemicl Muorinaion (CF) to mike peace 3nd was themat abundant PEC (GM. 77.8300 ng/mL) in
ne lot (SOP wil 001 SOF he Say rtont 67 of he odPC bres)
Sring mate for prodaction of FOS and oh PFC. PFDS vas he scond mo shandant PEC. (GN = 395-263
ric. The ECE procs i reinely uesined, and oh 1/mL), acount for 23% of burden, and highest in theFHCH may have bee anineniona procs Contamination bse,ven say areas (L SACK, MISS, and Pook 3 &
eeaoenn wet mo ha od Whe han APIS and LS53 an 20

documented in soil, water, sediments, and fish“ Two bald fold higher than U SACN); (3) PFOA was generally at low
oi aor denne of th SH cy st 56 bon and Soncniations (GM = 034-101 ng/mL) but highs n Like
8 od the igen mes concetetons of ZFC oer SOprr stay aes (APIS and LISS) (1) The Lake Spero

ne hen shy. Nomar 301 om min shi ve dy arcs ad higher vl of more alts thn her wy
sve had 570 ng/ml. PFC,th highest eve wt rt ae 252 (ghost or sscond highest for of 12 PEC); and (5)pr SRE nersfy
Concentaons of PECs in nesiings wee High slong the PFC: (9f 12)
Nip Rue ven upstream fo the 33 fy however, We und ROSahe het menconenrtonsFol

are oe ae es doukimg 3 4 (GM = 800 mg/mL), hough the hight recorded valuor Sia "8 orm indi nesling ws VIS (1300 ng/ml) and heof BPPC concniaions n nesting begin na
Nirmesp Se. hs. second highest at L SACN (2400 ng/mL), Geometric meansrmapol/ St. Fal wastewater sewers gmt. (WWTP) iMrapelS ud watevter eamentpnt (WWE) SSL SACK, amd LSS wee wr (431-139 mg/m)
hs ad str dbp AIS vt mdeately igh at 268 ng/ml, and th rete U5% found igh levels of othr orgie compounds ALeeetab found ih levels ofotheroniccompounds Gchl the lowest consetetons(7.5 ng/mL).
indus nawfo sing PECs contr tthe noon 1% ly compare study onSid ng
kn hs aes i ht Sx. Pd Downtown Abpor, whi is 590" reported messi PEOS plum consntatons inavin isss Oe 2a Bo Meport which6 35"cf 33nesting from theGreat Lakes between 1990 3ndhinthe food pln o the te, Other mvesigons hve A 2; 1993 with an sti mean of 330 ng/ml, (GE = 136).Socumented PECL in fac er no ports where shy 293 ih an at tn of30 ng/ml 2

sed in fe fihtng foams.) Detemining te sou of PECs Homers,thespike recovery ras oly 17% in hatighing . yodinf hing Study, going Sovessons vy ave bn roach Higher,theses ke futher complicated, hens, by he presences of{othe ive fh complied, how reser SF Nonuhlw he and he coment imvesgation make i dear
adil whoreSM disposed of PECwate sine $e 19508 14th Gres Laks hae ad hgh baders of FFOSFoe gon sos bo hoe Indl known 0 LE SE DSCR UEM0«contaminated wih PEC and my rls them 10 he nLpt fod achinte upper Midwest.
her , Eivated lvls have bon fond i water, beni. gantWe found a sir parm on he S. Cols Rhee wher G0i ae fom mind bald ols fomEPH inasased sharply immediately downstream from the (1 SoDei mored Bal Ses fonCommunic of Taylors Fall and St. Co Fall (ure 2 ©): reported in water sediments, mwah nd fh fromThis secon of ive i subjected to cllocnt from seed NGC Rieow Minnapels and St. a, MN wihWTPs serving commits and indy song the owerSth Ligh Cnctenion scconng blow he SM Cotage
EH meen Iad LSS stady rss sscomparticy ems Neaad  calbted » oxi reference ve (TRY) of
yt neslings ther ad modestly high SPEC Isls We 1700 ng PROS mL. Hood pam as protective of 2 foe IV
spect thie i dos in part to Lake Spero physical Gh cating bid sh a5 an ale respective f sex and
chic. Like Supe is 3 3700mi (2103 kn) repro sa. We found GAT concnraions obxbel
fice area thr bis abome contaminants rom global 11 TRV in all of ur dy as, howere lacs fot some
and sonal ssc and, though sal poplted, here a ndivdal mings wre Nghe of 8 (51%) 8 MISS and 3
mous WWIPS from manciplis slong its 2700 mle 02] (35%) st L SACN. We found no fits of PROS onbd(4355 an) shoreline with >200 btarics hat see many Cage produdtty nour Stdy. We du not mesa. porndlCommunities Moreover, the 191 yes eenc msfo wc sce paclogl, phyogso ehoellos thein Like Super esl in ample time fo Bcamcenation mdi os
(esaspension of <ontamimated sediments and. cycling. The second most sbundantPFCwas PEDS, accounting or
hough the food web). Fathemor, bald cages on Like 23% of the total burden. PFDSwashighest in nsings singSuperior ave been shown ta food on gull and other he Mspps andlowerSt CronRives(Pos3 5,MISS
ikon bids at hight rte than ind cigs, which 3nd L SACK, GM = 80-265 ng/mL) moderate in estings
ether bogies contaminate Ths oe remo and frm Like Suro (APS and L355, Go = 157-175 ng)
bioccomalton of penitent contaminants fom Lake mL) and lowest on he appr St. Cre Ror danas (0
Superior food veh hs been demoncited with DDE SACN;GM=395) (Tal 3) The igh PFDS lvlswe found
(dclorodighenylichlooetylenc) snd. PCBs (palychlort i the nba study sss as potentially sian. ew suds
mated phony), whic min at atc high lvls bad pot am PFD in conor haan mpi. Fat

Pe th ft ee0
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21” found PEDSin89%of ke trout from the Great Lakes and was lacking (probability = $3%). Conversely, evidence of PFOS
oun level ob cometedwih PROS. bthbig ghost in Join ws strong ot Pooks 3 & 3 (robabily = 95%)
Like Ei and owt nLok Soprior bk rout. Hower the modes at MISS and LSACN (rbabiy = 83% fo 3%),Nona Hkh and Nutrtiorsl Baminaton Study, which weak APS and LSS (rabbi« 5% 0768), nd cing
tests a representative sample of S000 people across the US. at U SACN (probabilityof decline = 475%). Similar declines in
biannually, does not include PFDS." Given that longer chain PFOS have been documented by others in wate, sediments,
PECs Bie PDS. tend to be mors tox and prone 10 ind fh slong the MISS. sect o the Misoppi Ree
bioaccumulation, we argue that it should be considered in between 2004 nd2012. Thesedeclines re likely the result ofeae srl dha sud SNE domain af PFOS producion in 300. Nonehe
We found ROR concetaions to be comparatively low es, thi ood web will omic to conan PFOS and ihraval and the highs evel were n neslings fom he Lake PECs fo many year. Thi is du fo th extent of foal so

Supaor dudy avs Tse 2). Toe low eel nbsols are wien nd rounds contamination, hing fom PEC
likelydueto PEOA's low bioaccumlation properties“ and the containing products in municipal landfills, and the continuedihe Tews in Like Soper nestings my 5 due To. productionofsadionl andamt PFC aba. enn
ences in avai, TFOA i gence found a hights the US. » limited amount of etic HEC. production
levels than PFOS in surface waters of the Great Lakes, continues where there are no known altematives.* Moreover,
incoting Like Super whee Sot a. found PFOA t-be  espesin of FC by Tneding can mike. hen avd toTighet among 23 apes messed in src water The the aque food we. For ample, n 011, ven ah song
horof hi ats study ssimted tt 39% ofth PFOA in cvdene of declines, we. found the Highs concentration ofCac water wa. from precpiaton nd. 9% was fom ZPECs ina neting (370 ng/mL) Tot flowedaornof
ruta, noting that WWTP, many which are loated on Seeding on th Midget ve which wa higher nd fedrita, conceited PFOA up 10 30 od ht of ike longer {wall ite he hd cape resin period) compared 10
tr By compan, median soncentations of PFOA was he prior 30 yes (unpublished USGS. seamen aFou among 13 PFCs ested in suc wate of the upper Ans MN).
Mississippi River. TrendsforPENAand PEDA alo differed among study arcs.Othe major snes incaded PEDA (GM = 849-126 ng/ We ound modente idenceof declines (rotary = 30% 10
mL), PEUnA (3390175 mg/mL), PENA (115-S15 ng/mL), 90%) for PENA a Pos 3 8c 1 and U SACK, no avidence of12d Da (3157.05 nb: Al ths PCr wot found i dint MISS snd LSS, Qrbabilty<10%) and anc of
oncetaions <387 mg/l. neue a1 APIS (probabil of mes. = $50). SimiTemporal Trends. ver hei yar studywe found song evidence of deine. PFDA wis cing in ll ody ae
cident of deci in EPCS nd os ny (robably3 swept a USACN whee 1 showed eudence of creme50% 10 100%), moder idence of deci or two nals (probalyof cas $50).
(ombabiiy > 30% 10 <30%), no evidenceof change in hve We deta song idence hat PFTSDA and PFDAie (rabbi 30% 10 ON and odes ofcee et iieuin i esis fom ll td ars (robef
in vo mts (probability 1 4 dein = 03nd he pected rest» 90% The peed aioofchange wir >, andTat of change S110, Tube 3 Howes, hee tends wre th msn cape rt ws 3.5 to PETeDA dhs tt
rt ior srs say ara (Table S18). Fo ample, he on erg, csofts comin were more than dling
probability that PEHpS declined from 2006 0 2011 was 592% every year (Table 3). These two PECs made up <0.5% of theral uy aes cxep Pole 4whet dence of deine to] DF load in acting, howe te rein lors and

Jak of knowledge show he sow and ew sug aTable 3. Expected Rati of Change and the 55% Credible nes fr ncrned ty
Interal (C1) for 13 PEC Anat Found in Tad Eagle Tn extn 8 yar sly docu, sstenive
Nestings contamination of aac odors ofthe ger Midvest byowt 16 diffrent PEC amas. Bat gh nesting served a
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