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ic dtabase exists d

A largs i ibing the hehavior of ic acid
(PFOA) following orsl exposure. The objective of this study was to quantify plasims PFOA
<onoentrations in rats, following single and repeated inhalation exposures ot three airborne
concenteations, for the purpose of bridging the oral and inlialation exposure data sets. “The
dy ised of two sep: i Phose I consisted of a single 6-baur pose
only exposure. while Pliase H consisted of répeated expasures (6 bows per day, 5 days per
week for thee weeks). In both experiments, male and female rats were exposed nose only
1o 4n-aqueons serosol of 0, 1, 10, or 25 mp/n® PFOA. Levels were selected to produce
ik ions simil rved in previ ) gavage studies. InPhiase 1,
lood was drawn via the tail vein pre-exposure, during exposare at0.5, 1, 3 and 6 hours,
and post-exposare at 1, 3, 6, 12, 18.umd 24 hours, Rats were ot remaved fromn the exposure
chmber during the exposure period-and blood was taken from the.tsdl veln while the
animals remmained in the nose-only restraisiers attached to he exposure chamber. oy Phasc
1, blood was collected ismmediately before and after the daily inhalation exposie period
three days per week. .Plasina derived from the whole blood samples was aalyzed.by liquid
chromatography-riass spectrometry (LC-MS).
PFOA appears rapidly in the blood of botli male arid female rats exposed via th inhalation
route. PFOA clintination is sex-dependent, with female rats climinating PFOA from the
plasima much mor cfficiently thon male rats. PFOA plasina concentrations are proportionsl
10 the atmosphieric exposure concentrations from 1 10 25 mp/n. Repeated daily inhalation
exposures produce litle plassma carryover in female rats, but significant carryover in male
ravs. Male rats reach a steady state plastna concentration by three weeks with plasma
ions of 8, 21, and 36 pg/nil i exposed (o 1, 10, and 25 mg/n®
PFOA. Female rats reached post exposure plasma concentrations of 1. 2, and 4 pg/ml.
yespectively when exposed ( 1, 10, and 25 mg/m3 PFOA but retumed to baseline levels for
the pr-exposure time points. This study provides the data necessary to relate cxtemal
atmospheric concentrations of PROA 10 PFOA Jevels in male and female rat plasna.

“Thss research was sponsared by the Association of Plastics Mapufacturers in Europe
(APME) Fluoropolymers Comitic.

BEN Moterials and Methods

“Linear ic acid (PFOA) was obtained from Aldsich Chemicals. Singe tlis
siudy utifized the inhalation route of exposure, o atempt was made 10 establish the actual
dose each at received and all results were therefore reported us o function of Uhe group
expasure concentration(s).rather than a fanction of dose.

«Male and femnale Cri:CD®(SD)IGS BR rats 4 from Charles River Laboratori
nc., Ralcigh, North Caroline. At the time of exposure, rats were approximately 6-8 weeks of
age and the weight variation did not exceed = 20% of the mean wEight by exposure group.

=All exposure chambers were constructed of staintess sieel and glass (NYU style) with.a
nominal internat volume of 150 L with o dispersion plate.inside the chamber to.promote

BRI Results — Repeated Exposure Pharmacokinetis

] 'm Results — Singe Exposure Pharmacokinetics
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Figure 1: Schematic of exposure system 2 R
B Experimental Design 8
s
«Phase 1 (Single Exposurc) .
To detesmine the proper exposute concentrations for Plisse I, four groups of 3.le £
and 3 female oats each were exposed nose only for a single, 6-hour period to an erosal 3
of the test substance. The test groups were, expased 10 i o of £
1 mg/m, 10 mghn®, or 25 mefi®, A control group of rats was exposed to air only. =
Blood.was coflected via the tail vein and was driwn pre-exposure, during £xposure at 50
0.5, 1, 3 and 6 hours, and post-cxposure 2t 1, 3, 6, 12, 18 and 24 howrs. Individual 5«
anifal exposure times were staggered by five minutes to allow time for biood P
collection. Rats were ot removed from the exposure chamber.during tlis cxposure H
tie. Bload was taken from the:tsil vein while the animals remained in the nose-only g2
restrainers in the exposure chamber. Blood was coflected in heparinized tubes and \
storedon wet ice. Plasma was separated by centrifugation. Rats were sacrificed e
following the final blood coliestion. Plasmma derived fom the whole blood samples o
was analyzed by LC-MS. o 5 10 18 20 25 30
The exposure cancentrations selected for Phase Il were levels that produced plasina Study Hours
similar to'plasima ions observed in o previous study of orul - s s 3 oe
avage dosing in rats 25 mg/m’ 10mg/m® &1 mg/m 0 mg/me
Figure 2: Plastna PFOA Concentration following a single 6 hour inhalation exposure
«Phase Il (Repeated Exposurc)

Afier the exposure jevels were sclected, four groupsof S male and 5 female rats esch
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Figure 3: Plasrua PFOA Concentration following a repeated 6 hour- inhalation exposures

wexe exposedl (nose only) for a 6-hour period, 5 days per weck (weckends excluded),
for 3 weeks (o an aerosol of the test substance. The staning time of the cxposure is
defined as the time when the nose only restrainers containing the animals ere loaded
into Ui exposure chambes. The exposure end time is defined as the time when the
wose only restrainers are removed from the chamber. After each expasure, rats were
rotumed to their cages. The control group of fats was exposed 1o air only. Exposuie
start times were staggered by 10-30 minutes by exposure concemtration group 10 allow
e for blood collection. As in Phuse §, blood was collected via the tail vein. Blood
lccted before and afier the daily inhalation exposure period thrce days per

Phase E (Single Exposure)

Fot bath sexes, PFOA plasima concentrations rose during the 6 hour inhalation sxposure. A
‘proportiopal relationship was produced in both the male and female rat maxinm plasma
concentrations (C,.,,) between 1 and 25 mg/n® (Figure 2). The male C,,,, values were
approximately 2-3 times higher than the female C,,.,. The female G, occurred authe end of the
exposure period or | Tour post exposure while the male €, occurred at the end of the exposure
period up to 6 hours post cxposure.

f the test axmasphere.  Aniimals were in
P Phase 1) or perf s 1 eylinders (Phase If) with coical nose
picses, During exposure, the animals wer kept warm with a heat lanp (Figare 1).

+A 5% (weight/weight) solition was prepised and adjusted 1o 3 pH of 6.0 10 8.0. Climmber
atmospheres were generated by ization of the 5% test b ution in-air witha
‘Spraying Systetns nebulizer. The pump and flow controller were controfled and moritores by
ttie Cammile Inhatation Toxicology Automated Data System (CITADS). Chamber
concentrations were controlled by varying the syringe infusion rate to the nebulizer or by

week. Rats were sacrificed fatiowing the final blaod coflcetion. Elimination of PFOA from femiale rat plasma was repid and complete at all exposure levels in
Phose. Plasma i ped be! ytical fimit of quantification 0.1 agimL)
by 12 hours post exposure. Plasma elimination wais much slower in mate rats than female cats.

After 24 Tiours of post exposare recovery, the plasina conesitrations were approximately 0% of

‘Phase 11 (Repeated Expasure)

Phase I plasima concenteations are shown in Figure 3. Exposures were conducted
five days per week, with plosma samples taken before: and aftes expasure on the first,
third and ffth exposure day per weck. The male and female concentration curves
demonstrate e effects of the differing elimination kinetics on plasma levels
following repeated exposurc. In the female rats, there was ltle day-to-day carryoves
of PFOA in the plasm. There is no significant difference. between the peak heights
of the sampled exposure days. For the male rats, there is camryover between test duys
as expacted from Phase 1. Steady state was not achieved unil week 3. “This steddy
state value is approximately 2-3 times as high as the mean single dose C,.,,. As in
Phase I, repeated expx a i ionship bet

the peak concentrations 3t all tested exposure fevels. “The male and Kinetics are
consistent with the previously reported elimination kinetics of PFOA following oral dosing® In
addition, there did not appear to.be a ? f the efimination rase in either
male or femal rats as the B paraliél on 1 log scale.

For the setting of cxposure levels for Phase i of the study, male and female C,q, values were

Bl Results — Chamber Conditions

CHAMBER CONCENTRATIONS OF PFOA

neesus A " by

::‘:;gm - . The. pEric CONCentraio :m.:m by gravimetric PHASEL (SINGLE EXPOSUR compared-to plasma C,, from an oral gavage study of PFOA.®) This study examined single orsl
A (OING O ReT— gavage doses from 0.1 46 25-1g PFOA/K body veight. The C,,,, values for this study ranged

+In order 1o deermine if the gravimetsic avalytical method used to quantisate the aisborae test = (g from 0,598 10 160.0 ug/nL (rale) and 0.67 @ 1327 (female. Becaie e Co valics from

<bsrance concentration included the test substance plus water, i samples were taken from (g Wi SD.  Rame _n Phase 1 fell within the iddle of the existing range and ora gavage data the fnhat 7

chamber atmospheres that ranged from 1 to 25 mgm? test substance, The filters were 1‘0 ;f; 3§§ Uéﬁg: 1117 2 congentrations were not changed for Phase 1.

weighed inunedintely post-sampling, placed in a desiccation chamber (or 24 hours and re- » SO wm e

weighed. The filters lost <0.03% of their aass, indicaring that the filer reflected the tota}
mass of suspended acrosal in the exposure clrambers.

«A sampie to desermine particle size distribution (mass smedian aerodynamic diameter and
percent particles less than 1, 3;and 10 ym diameter) was saken from each test exposure
chamber ot lzast ance per week during the Phase 1T study with a Sierra® Serics 210 eyclone
preseparator/Cascade impacior and Sicrva® serics 1 10 constant flow air sampler. Cliamber
airflow, was set 1o achieve at least 10 air changes per fiour ond was manitored-continually.
Chambe sesmperature, relative humnidity and oxygen concentration were targeted at 22 £ 3°C,
40 10-60%, ond 19%, respectively. Airflow, temperature, and-élative huigity were
onitored continuously and recorded a 15-minute intervals. Chamber oxygen concentration
was recorded twice during each exposure

+Plasima samples were processed by protéin precipitntion (PPT) using Isolute Ammay protein
precipitation cofunns (Arganaut Technologies, Foster City, CA). A 0.5 pg/m solution of
perfluorononanoic acid (Aldrich Chemicals) in ACN was used as an intemal standsrd.
Plasma samples were thawed, and 2 20 L. aliquot of each sarmple was applied to this PPT
array. “The plastma samples were precipitated by adding appropsiate dilution rate volumes of
ACN/interna] standard solution,  Difution rates, ranging from 1:4 (60 kL of internal standard
salution) to 1:50 (980 L of intermal standard solution), were utilized in order to capture the
sample concentrations within the roge of the standard curve concentrations. The scray was
slowly cluted under vacuaminto a 96-wel receiver plate, cemrifuged at ~3000 rpm for

$ minunes, and the extracts were analyzed by LC/MS.

* Values repsesent the menn, stendard deviation (§.D.), and range
of the values oblained from 1 exposure.
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® Vadues represent the mean, standard emos of the'mean (SEM),
and range of the duily mean viluzs obtained from  cxposures.
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PHASE Il (REPEATED EXPOSURE) 1,406 ange of e

PARTICLE SIZE DISTRIBUTION OF PFOA

Destgn | Mass Miedian  Gearetric F Particle ol “‘"“‘;“‘."“"’“’ (’::""")’.
Standard by Mass. " ol
{ 16 12 18 8 wa 1 35 16 .o 0 oma 10| 1S
10 15 18 3 & 100 10 B 05 n.4] 3w oon ;|15
25 128 tg 5B 25 n_os 3| % oo 2w s

® Values represent the mean, steadard cfror af the mean (S.E M ). and range of the daily mean vatucs obtsined
from a cxpesures.
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p dpl cemyations in male and fermale rats. Male rais

reach a steady state Pl ion by three. weeks with p i

of 8,21, and 36 rghnl. respectively for the 1, 10, and 25 me/m* cxposures. Female
> s ions.of 1, 2, and 4 pg/vil i

for the 1, 10, and 25 mgf exposures, but returned to baseline levels for the pre-

exposure time poists.

'l'ﬂ Conclusions

PFOA sppears rapidly in the blood of both male.and female rats exposed via the inhalation
coute. PFOA elimination is sex-dependent, with femalc rats elimiinating PFOA from the
plastna much more efficicatly than male rats. At the tested concentrations from 1 (0 25
mgfnd, PFOA plasma jons elate fonatly to the inhalation exp
concemration. Repeated daily inhalation exposures produce litle plasma camryover i
female tats, but significant carryover in male rats. Male rats reach a steady state plasma
concentration by three wecks with plasma concenteations of 8, 21,.and 36 pg/nk
respectively for the §, 10, and 25 mg/n’ exposures. Femate sus reached post-exposurc
plasia £1,2, and 4 pp/md ively for the 1, 10, and 25 mg/m?
expasures, but remmed to baseline levels for the pre-exposure time poiats.
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