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AMMONIUM PBRFLUORObCTANOA‘IB BLOOD LEVELS IN THE FEMALE RAT

SUMMARY: To evaluate the overall health implications of the various
biological effects produced by aamonium perfluorooctanoate (C-8), a series of
studies was undertaken to measure C-8 levels in whole blood as a function of
a number of variables incl . route of administration, time following
administration, and aumber og treatments. Most work has been conducted in
the male rat but possible teratogenic effects of C-8 led to extending this
work to the female rat and particularly to the pregnant rat.

The up-ake and deud}q:q of C-8 from the blood of female rats following
a single o.cl dose was rapid with the peak reached 1-2 hours post-treatment
and with virtual total clearance by 24 hours. A dose-response was

demonstrated with no apparent changes in blood C-8 levels following multiple
oral dosing. The slower clearance rate in male rats was demonstrated

following a single oral dose.

The same general statements apply following inhalation exposure. A
single 6-hour inhalation exposure resulted in pesk blood levels within ! hour
after cessation of exposure, the material rapidly cleared from the blood, the
number of exposures did not affect blood levels, and male rats cleared the
compound much more slowly. '

Pregnant and non-pregnant rats showed similar C-8 blood levels following

‘either oral or inhalation exposures.
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" The amount of C-8 present as the gtraight chain isomer increases
relative to the non-straight .chain isomers as the time following C-8
adminigtration increases. This suggests that the non-straight chain isomers
sre cleared from the blood mgre rapidly than the straight chain isomer or

that a metabolite is present.

INTRODUCTION: In evaluating the biological offects of mmonium
perfluorcoctanoate (C-8), the basic model + n the male albino
Grl:CD® rat (subscute dermal toxicity, SRR | suvacute ation

toxicity and ) and acute oral thici:yP . In the
subacute Btudies, b ood evd‘fs of C 8 were determined to obtail correlations

with biological effgcts. ueq_abolic work at M Company and at Haskell
Laboratory has dlaqnltratedva'discinc: difference in the excretory
cate of C-8, in male and female rats; ths female rat clears the compound via
urinary excretion rapidly (vithin 26 hours) while the male rat excreted the
compound more slowly. As a tesult, circulating levels of C-8, as meagsuted by
blood levels, are considerably higher in male rats.

Yer, in spite of this d‘i-‘Eference in handling C-8, the acute effects of

C-8 in the rat are similar (LD30 values, liver enlargement as a function of
dose). Recent evidence of a eratogenic effect of C-8 in the rat were
reported by 3 Company (oral F.mge Finder Study of T-2998 CoC in Pregnant
Rats, Report #4~601, March 12, 1981) leading to differemt concern for the
gafety of women of childbearing age in the workplace.

This series of studies’_v! undertaken to neasure bload C~8 levels in
fepale (and males for reference purposes) rats as a gunction of the following

variables: | _ _
o ,} i .
%) function of post xposure time following oral administration
b) multiple versus ;:;516 doses
¢) function of post-e*?olure':m

oo
oP
a) falA&ng'inhalati'n exposure

t) uose response char? teristics
. A

ot—; | -
2) computison of levels, pregnaat versus non-pregnant rats
b) oral exposure and i:.nhalation exposure

PROCEDURE:
A. Animals

Female albino rats, apptoximtely‘ 7-8 weeks old and weighing
approximately 200 g; pregnaat . primigravida females weighing approximately 200
g, and male rats, approximtelﬁy 8 weeks old and weighing approximately 250 g,
were all supplied by the Charles River Breeding Laboratories, Inc. (Crl:CD%®,
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North Wilmingtou, MA). The rats were housed 2/cage in 8" x 8" % 14"
guspended, stainless-steel wire-mesh cages and allowed food (Purina

Certified

Rodent Chow #5002, Ralston purina Compnay, St. Louis, Mo) snd water ad
1ibitum. The rats (with the exception of those received as pregnant from the

OEE——
supplier) were observed for ‘geueral suitability for 1 week

B. Compound Administration
For oral treatment, the material was administered via

prior to testing.

gavage as aqueous

solutions (0.03-2.0%). Inhalation exposures were conducted by generating the
appropriate dust gcgqnphere.'ﬂ ‘Alr was passed through & 2-stage glass
genarator with an electric 8 rface vibrator agitating the first stage to

prevent buildup on apparal:us%_wallo. Rats wers exposed wholé=body in 150 L

glass and stainless steel chambers. Each exposure was 6 hours. Chamber
concentrations were determined both gtaviaecric.lly (drawing known volumes of

chamber air through prem:lghq':d Gelman glass fiber filters,

Type AE, 25 ma at

2 L/minute and calculating the concentration from weight gain on the
filters/L of chamber air pled) and analytically (spec:rophotoutﬂc by
dissolving C-8 from the filters into acidified aqueous methylene blue
golution, extracting the colored complex into chlorofors, and reading at

627.6 mm against standsrds pt;epnred daily).

6 C. Blood Samples ,:
Blood samples were obtaiaed from each rat by ecardiac puncture. whole
blood samples were refrigera ed and submitted to pPD for chemical analysis to

in Bed Blood,

determine C-B‘concentn:io:jsee Appendix A, Detérmination
p. Outline of Experiment

Groups

3!

pPerfluorooctanoate

Analytical Report Dited 9/16/81).

Group A Dose 25 ug/kg orally, 3 female Tats per group, gacrificed

A s ‘1/4 hour after dosing
A-2 1/2 hour after dosing
A-3 1 hour after dosing
A4 2 hours after dosing
A-5 -4 hours after dosing
A-6 8 hours after dosing
A-7 24 thours after dosing

Group_B pDose 2.5 ug/kg orally, 3 fepale rats per group, sacrificed

B-1 1/2 hour after dosing
B-2 - 2 hours after dosing
B-3 8 hours after dosing
B-4 24 hours after dosing
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Group C Dose 150 ag/kg orally, 3 fempale rats per group, sacrificed

c-1 1/2 bour after dosing
c-2 2 hours after dosing
c-3 8 hours after dosing
C-4 24 hours after dosing

Group D Dose 11 days with 25 mg/¥8 orally each day, 3 female rats per
group, then gacrificed

D=1 1/4 bour after Llth dose !
D~-2 1/2 hour after llth dose }
D-3 2 hoirs after llth dose !
D-4 4 hours after llth dose

D-5 8 hours after 11th dose

D-6 24 hours after lith dose

D=7 168 bours after llth dose

Group B Dose 25 og/ kg orally, 3 msle rats per group, sacrificed

-1 1/2 bour after dosing

E-2 8 hours after dosing

B-3 24 hours after dosing

@ E-4 168 hours after dosing

Group F Exposure via inhalation, 6 hr/day, 10 mglma. single exposure, 3
female rats per Eroud, sacrificed

-1 1/4 hour after exposure
F=2 1/2 hour after exposure
F=3 1 hour after exposure
F-4 2 hours after exposure
r-=3 4 hours after exposure
B=6 8 hours after exposure
F-7 24 hours aiter exposure
F-8 168 hours after exposure

Group G Exposure via inhalation, 6 htldjy. 1 mg/n3. single exposure, 3
' ~ female rats per group, gacrificed

G-1 1/2 hour after exposure
G-2 2 thours after exposure
G-3 8 hours after exposure
G4 26 hours after exposure
-4 -



®

®

.

Group H Exposure via inhalation, 6 hr/day, 0.1 ug/ns, single exposure,
3 female rats per group, gacrificed

B-1 1/2 hour after exposure
B-2 2 hours after exposure
#-3 8 hours after exposure
H-4 26 hours after exposure

Group 1 Exposure via :l.xihalation, 6 hr/day, 10 mg/n3 , single exposure, 3
male rats per group, gacrificed

I-1 -~ 1/2 hour after exposure
1-2 2 hours after exposure
I-3 8 hours after exposure

I-4 24 hours after exposure

Group J Dose 25 ug/kg orally, gestation day 15, 3 pregnant rats per
group, sacrificed

J-1 1/2 hour after dosing
J-2 2 hours after dosing
J=3 8 hours after dosing
J=4 24 hours after dosing

Group K Dose 25 uglkg/d#y orally, gestatiou days 6 through 11, 3
pregnant rats per group, sacrificed

K-l 1/2 hours after 6th dose
K=-2 2 hours ater 6th dose

Group . Dose 25 ng/kg/day orally, _gestation days 6 through 15, 3
pregnant rats per group, sacrificed

L-1 1/2 hour after 10th dose
L-2 2 hours after 10th dose
1-3 8 hours after 10th dose
L-4 24 hours after 10th dose

Group M Exposure via inhalation, 6 hr/day, 10 mg/ m3. single exposure,
gestation day 15, 3 pregnant rats per group sacrificed

M-1 1/2 hour after exposure
M=-2 2 hours after exposure
—<chACB
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Group N Exposure via inhalation, 6 hr/day, i0 mg/ns, gestation days 6
through 15, 3 pregoant rats per group, gsacrifice

N-1 1/2 hour after 10th exposure

RESULTS AND CONCLUSIONS

Results of the ammoniup petfluotooc:anoace levels in rat blood are
presented in the Table. Included in the table are the C-8 blood levels as
well as the perceant straight-ch2ia c-8. The variables considered and results

obtained are discussed below:

o Oral adminiscration, female Tats, r-8 levels as a function of time
post~dosing (see Figure 1)

c-8 levels of 14 ppm were geen 15 minutes following the dose (25
ng/kg). These levels rose to a peak of approximately 30 ppm at 1
to 2 hours, dropped to 26 ppm by 8 hours, and to 0.7 and 0.045
ppm at 24 and 168 hours réspee:ivel—"y.

Conclude: c-8 1s absorbted and tépidly cleared from the blood of
female rats given a single oral dose.

6 o Oral adn;l.pistration,' femsle rats, C-8 jevels as a function of dose
(vee Figure 2)

c-8 levels at L/2 hour following treatment ranged from 3 to 162
ppm, doses adainistered 2.5 to 150 mg/kg. The same dose responseé
was seen at 24 hours with blood values ranging from 0.12 (2.5

. mg/kg) to 18 {150 mg/kg) prR. The response was linear.
. Conclude: C-8 in blood is directly related to the amouet of C-8

adninisteted‘oqally,

o Oral administration, male and female rats following a single oral dose
of 25 mg/kg (see Figure 3) .
c-8 levels in feihle rats were 16 pps (1/2 hour), 26 ppm (8
hours), 0.7 ppm (24 hours), and 0.045 pp@ (168 hours).
correspouding values for male rats were 23, 63, 50, and 23 ppB.

Conclude: C-8 1is retained in the blood of male rats to & greater
extent than female rats following oral treatment.

o Oral administration, fepale rats, C-8 levels as 3 function of number
of doses (Figure 4) :

Blood levels in female rats given 1 versus 11 oral doses of C-8
were not considerably different. Concentrations at 1/4 hours
post-treacmen: were 14 and 17 PP®, 1 and 11 doses respectively.

-6 -
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At 1/2 hour C-8 concentrations were 16 and 25 ppm; at 8 hours, 26
and 13 ppm; at 24 hours, 0.7 and 0.8 ppm; and at 168 hours, 0.045
and 0.10 ppa, 1 and 11 doses respectively.

conclude: C-8 does not appear to accumulate in the blood of
female rats following repeated oral treatment. The number of
treatments does not seem to influence the C-8 blood level with

dose remaining constant.

o Inhalation exposures, femal: rats, C-8 levels as a function of time
post—exposurs (see Figure 5)

c-8 levels of 96 ppm were seen 15 n?u:es following a single 6~-
hour inhalation exposure to 10 mg/m~. This jevel stayed around
100-110 ppm through 1 hour, fell to approximately 70 ppa 8 hours,
further decreased to 52 ppm at 24 bours, and dropped tO 0.39 ppm

168 hours later. This same genqral pattern was seen in rats
exposed to ei:he‘F 0.1 or 1 mg/m”. The lag phase seen in oral

exposures is not. seen here due to plood sampling following a
6-hour inhalatiop exposure (rather than a single oral dose at 2

given, f£inite dpe).

Conclude: C-8 is absorbed and rapidly cleared from the blood of
female rats given single 6-hour iphalation exposure.

o Inhalation exposures, female rats, c-8 levels as a function of dose
(see Figure 5) ' .

c-8 levels at 1/2 hour following a gingle 6-hour inhalation

exposure rgnged from 2 to 100 ppm, airborne concentrations of 0.1

to 10 ng/m The same dose response was seen at 2 hours 2, 17,
69 ppm), 8 bours: (0.85, 4, 71 ppm) and 24 hours (0.14, 0.5§s 52
ppm) - concentrations correspouding to 0.1, 1, and 10 mg/a.
re;ggnse‘ is 1linear at 1/2 hour (correlation coefficient of
0.999). ‘ _

Conclude: C-8 1in blood is directly related to the amount of C-8
inhaled. At the highest level used, the clearance rate 1is
gomewhat slower than seen at the lower levels. This suggests
massive overloads in the clearance system.

o Inhalation exposures, ‘male and female rats f_olloving a single 6 hour
inhalation of 10 mg/m-. (Table, Groups F and I)

Cc-8 levels in female rats were 109 ppm (1/2 hour), 69 ppm (2

nours), 71 ppa (8 hours), and 52 ppm (24 hours). The
corresponding values for male rat. were 137, 157, 182, and 147

- ppm.

-7 -

Company Sanitized. noes net contain TSCACBl



Conclude: C-8 i8 retained in the blood of male rats to 2 greater
extent than female rats following inhalation exposure.

‘"o Oral administeration to pregnant and non-preguant female rats, c-8
levels foilowing 3 single oral dose (Figure 6)

c-8 levels in both pregnaat and non—-pregnant rats following a
single 25 mg/kg oral dose were egsentially the same (16 and 10
ppm) at 1/2 hour, 33 and 39 ppa at 2 nours, 26 and 31 ppm at 8

hours, non-pregnant and pregnant rats respectively.

Conclude: C-8 clearance following oral dosing is not altered in
pregnant vS. pon-pregnant ratse

o Inhalation and oral treatment, pregnant rats, C-8 levels as 2 function
of aumber of doses (Table, Groups: J, K, Lo ¥, and N)

Blood levels in pregnant rats glven either 1, 6 or 10 doses of
Cc-8 were essentially the same 1/2 and 24 hours following the last
oral treatment. At 1/2 hour the levels were 18, 12, and 12 pps,
1, 6, and 10 trestments respectively. When comparing the levels
geen at 2 and 8 Hours following a geries of 10 congecutive doses,
Py there appears to be a lowering of C-8 blood concentrations in the
rats given 10 doses (15 compared to 25 ppm at 2 hours, 11
compared to 31 at 8 hours). This may {pdicate an enhanced
clearance of c-8 'vir.h multiple dosing put would require
conformation priar to acceptance as fact. Blood levels following
1 or 10 consecutive 6 hours/day jphalation exposures were not
different. : ' :

Conclude: C-8 does ot appear &o accumulate in the blood of
pregnant tat_s'follovins repeated oral or inhalation exposures «

o The relative amount of straight-chain C-8 increases as the time
foll~wing the last exposure to C-8 {ncreases. The data obtained from
rats given 2 gingle oral dose of 25 ng/kg demonstrates this with

str&sht:-—-cha:l.n_c_M 76~78%, 1/4 to 1/2 hour following treatment
and 91%, & and 8 hours foIIo—wingﬁ—:retemenc-,—‘.Eollo!:L!_ls;iM‘_;tion
exposure, female rats tend O have a relatively high pe:cen:“s’f“’ :

| straight-chain c-8 (around 90%Z) 1/4 hour after exposure. This

_ probably reflects the point-in-time gample collected remembering that
the rat has been iphaling C-8 for 6 hours prior to being sampled at
various times post-exposure. In male rats, the clearance of
son-straight chain c-8 is apparently slower with 73-87% being

straight-chain from 1/2 to -lﬁB"butspoat—oral exposure and 76-82%

gtraight-chain 1/2 to 24 hours post-inhalation exposure.

Conclude: Non-straight chain c-8 is apparently cleared from the blood
‘more rapidly than straight chain. The clearance rates for
non-straight chain c-8 is more rapid i{n female rats.

i cBl
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FIGURﬁ

c-8 BLOOD LEVELS AS A FUNCTION OF TIME

®

ORAL DOSING IN FEMALE RATS
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FIGURE 3

8 BLOOD LEVELS IN MALE AND FEMALE RATS
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FIGURE 4

Cc-8 BLOOD LEVELS AS A FUNCTION OF

NUMBER OF DOSES TO RATS
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FIGUha ﬁ

Cc-8 BLOOD LEVELS AS A FUNCTION OF TIME

XPOSURE TO FEMALE RATS
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M

DETERMINATION OF ?EﬂFLUORDOCTANOAIE IN RAT BLOOD
(Job No. 812-666,812—667; PRAL Nos. 31-2067-2057,81—2122-2193,81-2281—2286,
4-2363,81-2368,

81-2288-2290 ,81-2295-2305 ,51-2323-2330 .81—2334—23&1 ,81-234 E :
81-26&3-2672,81—2697-2513.81-2523-2}27 81-2550-2352 81-2594-2598; \
é As part of studiep gure of rats tw,

181 rat blood samples submit S/15/61 to. analyzed for pe fluoro=

octanoate (Cg). (The remaining 19, samples e been dried for storage

but not analyzed at this time). °

The analyses were done uking the gas chromatographic procedure described
in a previous report (1etter of 1/26/81). petails are given in Table 1. As noted
there, the results are given in ppm F for comparison with total organic fluorine
analyses and represent overall Cg 'ltoncentratiou (straighr.—chain and 4 branched
isomers). For most of the samples percent gtraight-chain Cg was also calculated

as described earlisx, and is included in the tables. .

Results and sample identification for the three studies are given in
che attached tables as follows.

Table 1 \oral, Samples submitted by L- pashiell)
Table 2; J bmitted by J. Hamill)

Inhalation,
Tables 3843 Results for (Oral) arranged by group and
recoyery time, with“averages for each set of samples.
Table S;P (Oral, Samples submitted by
Tables 647; Results forcdrranged by 3t
tim _ » : -
%(ﬂnhala jon, Sagples submicted byw
rﬂrranged by group and recovery time.

Results fo
8 A e

?é . stafford
Attachments

jah : .
ey Words: Perfluorooct noate L ]Blo 4 Analysis, -
y a ’ - ‘; , ysis, €Smpany Sanitized. Does not contain TSCACH]
There's & world of things we're doing something about

oup and recovery

Table 8;
Tables 95103
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ﬁ TABLE 1

(a) Sample Designation for_‘\mal.

All pregnant females, 25 mg/k8

Group I, single dose '

Group II, six doses, 24 hours apart
+~Group III, ten doses, 24 hours apart

(b) GC determination of petfluorooctanoate as described in Lab Method ES-567
("Determination of perfluorooctancic Acid in Blood, Gas Chromatographic
vethod", S. Statford, 4/3/81), using perfluorp—'n-oc:anoic acid as calibration
standard and either packed of gapillary column analysis. (Type of analysis
1s indicated by p OF € after the date). Results are reported as ppm F for
comparison with total organic fluorine analyses (ppm F * 0.688 x ppm perfluoro~
octanoic acid), with a lower limit for quantitation of 0.007 ppm. UNome detected
(n.d.) is reported for samples with 0.005 ppu F, which cannot be distinguished

from reagent background.

Where the capillary column ana. ygis was used the distribution of Cg isomers
ed in the method, and the percentage of straight-

was also calculated, as descril
chain Cg 18 reported. Corresponding values for ppm standards are v 72% for
Composition of the new lot

{ n 94-95% forr
of ged for the inhalation studies (PRAL No. 81-2836, Haskell #16045)
ﬁ wad” comparable to that of other lots examined for isomer distribution.

{c) Approximate value, due to intefference with the internal standard.

Company Sanitize<. Does nat contain TSCA CBl

-22=
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TABLE 3
6 RESULTS FORF!(ORAL), ug /'Y
Group I Group II Group III
Recovery 25 mg/kg, 25 mg/W8 25 mg/kg ()
Time single dose __6 doses 10 doses Control
1/2 hr. 2182 21 2067 16 | 2170 11 2053 n.d.
. ' ‘. 2183 18 2048 5.4 2171 8.7 2054 n.d.
2184 14 2049 16 2172 15 2055 n.d.
— | - — 2056 10.008
Avg. 18 ppm Avg. 12 ppm Avg. 12 ppm 2057 o.d.
2 hrs. 2185 34 2050 45 2173 16 <
2186 44 .2051 39 2174 11
2187 40 ‘2052 28 2175 17
Avg. 39 ppm  Avg. 37 pﬁn Avg. 15 ppm
8 hrs. 2188 33 ' - 2176 10 -
2189 32 : 2177 13
2190 29 - 2175 9.2
Avg. 31 ppm 1 Avg. 11 ppm
24 hrs. 2191 2.2 - ' 2179 0.70 -
2192 2.3 : 2180 1.7
2193 2.5 : 2181 1.5
Avg. 2.3 ppm : Avg. 1.3 ppm

(a) Results from Table 1, arranged by group and time with averages for each
set of three. Sample jdentification here is by.PRAL number.

(b) Control samples for both_ Oral) and_]



®

TABLE &
RESULTS FORM(ORAL) . PERCENT STRAIGHT-CHAIN ¢
Group I Group II w_I__I_L____
Recovery 25 mg/ k8» 25 mg/ kg 25 mg/kg
Time single dose 6 doses 10 doses_ Control
1/2 hr..’ 2182 90 2047 77 2170 80 2053 -
2183 77 2048 79 2171 81 2054 -
2184 71 2049 78 2172 79 2055 -
— ' — - — 2056 -
Avg. 81%2 Avg. 182 Avg. 802 2057 -
2 hrs. 2185 81 2050 83 2173 83
2186 82 2051 81 2174 83
2187 82 _ _2}052 83 2175 83
Avg. 82% ':'Avg. 822 Avg. 83%
8 hrs. 2188 88 - 2176 -
2189 - 2177 -
2190 90 2178 -
24 hrs. 2191 - 2 2179 -
2192 - 2180 -
2193 - 2181 -
‘ Avg. = Avg. -~
(a)‘ Results from Table I for capﬂl&y column analyses, in which the 415“11’“‘10“
of Cg isomers (straight-c‘nain arid & branched isomers) is determined along with

the conc entration.

Sample iden

*

tification here is by PRAL number.

Company Sanitized. Does not contain TSCA CBI
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aiii) TABLE 5
(a) Sample Designation fogﬁ Oral

Group 1; females, 25 ng/k8» single doss

Group II; gemales, 2.5 wg/kg, single dose

.*Group III; females 150 ng/ k8, single dose

* Group IV; males, 25 mg/kg, single dose ‘
Group V; females, 25 mg/kg, 11 doses 264 hours apart

(b) GC Analysis as descy

reported to 7 gigures for calculacion of averages, 8tc.» put should be
t with the 10% relative standard

roundéd to 2 significant figures (consisten
deviation of the methed) . ‘

(c) Samples which had coagulated ax
pe taken. The entire volume hai; been lyop

analyzed if necessary.

(d) Samples which have not been mh.yzed at this time, put have d
storage under the sameé conditiops as the others.

(e) Approximate values, due €O 1nte: ference with the internal standard

capillary column analysis, but arge isomer con
analysis. Best estimate 18 packed column, calculated by pe
i

1

Company Sanitized.

«30~-

ibed in Table 1, Note (b). Values 5100 ppm have been

noes not contaln

and becoume {nhomogeneous pefore aliquots could
hilized, however, and can be

een dried for

tribution in the packed column
ak height only.
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(a)

(b)

(c)

TABLE §

Sample Designation fotw Inhalation

Group I; females, 10 mg/n? 3

Group II; females, 0.1 mg/mw 3
,, Group 111; females, 1.0 mg/m

Group IV; males, 10 mg/m

CC Analysis as described in Table 1, Note (b). valués >100 pﬁm have been
reported to 3 figures for caleplation of averages, etc., but should be
rounded to 2 significant figures (consistent with the 10Z relative standard

deviation of the method) . _
An unusually high percentage of branched isomers (similar tH
offcentraltion;

was observed in this sample compared to others of similar ¢
result was calculgted by peak height only (rather than height ;nd area).

Commnany Sanitizel. Cocs ot contain TSCA CBI
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