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Wl Abstract

Questians have arisen regarding the potential of fluoroorganic chemicals to be absorbed and
to bioaceunmlate in the buman hody.” Rats were used in-ab experinent to measure the blood
uptake and clearamce for a series of flugroorganic chemicals, Bightee cliermicals were
screened ot doses expecied 1o be minimally toxic. Bach chemical sas administered by oral
‘gavage (o groups of § rats each for 10 days. Blood was coflected 2 houss after the first dose,
and on days 5, 10 (treatment), 13, 24, 52, and 94 (post-tremment). The total fluorine content
(ppm F) in blood was deterrined by using a Wickbold torch combustion/fluotide fon
lectrode analysis medhiod. analysis ducted on blood fluorine
data. The dose-normalized area under the blood i (AUC/D) wais
calculated for each chemmical and used as a conmparative meteic. The blood AUC/D for the
chemicals tested ranped from 566,500 for perfluoroactane sulfonate (PFOS) and 70,800 for
perfluoronctanoic scid {PFOA) ta a range of 010 28,900 for.a series of Telomer-based
chiemicals. This screen could also be useil to assess levels of test material defived fluorine in
target organs or estimate the biological half-lifee o test materials, As utilized here, the screen
froved vabuable in assessing the relative biopersistence of a wide range of fivorinated
chemicals.

Introduction

The objective of these studies was 1o examine the potential of selected fluorinated organic
chemicals to be absorbed and persist in 2 mammalian system. This rat assay was developed
as a screening test that could be used to compare bioaccunalatior/biopersistence potential
of the chemicals to one another. Blood samples taken from 1ats at sefected time points
during o 10-day dosing phase and an 84-day recovery phiase were analyzed for total
iorie. The duta lized 50 dhot 1d be made, regar

ics or the dose ! kinetic anatysis of
the biood data was used to provide the basis for comparisons. Liver saples were also
anatyzed for total fluorine to supplement the information obtained from blood analyses.

BHE Methods

+ Animals
-~ Sprague Dawley male rats
+ Test Materials and Dosages
~ Selected fluorinated organic chemicals were gives 10 rats by gavage at the indicated
dosages. The doses were selected to achieve minimal toxicity (some cffect on body
weight gain) or an upper linsit of 1000 mg/kg/day.

Dosage
Identifier  Chemicat

A Perflurooctanc sulfonate 10

B Ammoniun perfluorooctaricate 20

c ‘Fluoroalkylethyl Sulfonate 35

D Fluoroalkylethyt Betaine 75

B Fluoroaikylethanol Mixture 100

F Fluoroatkylethy! Carboxylate 100

G Migture of Fluoroalkylethyl Anionic Surfactants 200

q 2-Periluorooctylethanol 300

1 Fluaroalkytethyl Ethoxylate 300

1 Fluoroalkyethyl Methacrylate Polymer 1000

X Fluorealkylethy) Acylate Polymer 1000

L Fluoroalkylethy] Phosphate #1 1000

M Flucroalkylethyl Phosphute #2 1006

N Finoroalkylethy] Urethane Polymer 1000
o Polytetrafiuoroethylene 1000

P Polytetrafluoroethylene mixture 1000

Q Perfluoropolyether #1 1000

R Perfluoropolyether #2 1000

= Vehicles and Negative Centrols
— “The test chemicals were administered as received or were suspended in water, com
oil, or a mixture of acetone and corn oil (20:80). Negative contro] rats were dosed
with water or respective carricrs.

+ Study Design
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« Tetal Fluorine Analyses
~ Wickbold torch combustion followed by analysis with selective ion electrode
« Data analyses
— Al data were nonnalized to 0. I'mmole/kg based on dosage, percentage active
ingredient, and percent fluorine, to.compare Kinetics from one material to anather.
The following parameters were catcutaied for the blood:
IF/D (grea under the curve) - ‘Represents the area under the blood eoncentration
curve from the time of initia dosing extrapolated to-infinity.
G - Maximuin observed concentration in the load

Bl Results

. i of nse Ci i
- A plot of otal organic hlood fluari s lized to niicromol
cquivalents vs. time provides n comparison of the magnitude of Crmax and area under
the curve for selecied chenricals, Tn this example, four selected chemicals are shown:

hemical INF
A 566,479.1 989.1
B 70.789.6 5181
F 23,2986 1011
G 14,886.1 493

Miceorielst Equivalents of Actlvein Blood

« Determination of Uptake and Clearance
~ A plot of blood fluorine fevels vs. time iltustrates the rote of sbsarption and clearance

from the blood. In this example, absorption and clearance pauters of two selected
chemicals are compared. Fluorine blood levels for Cheinical F do not seach steady
state within the 10-day dosing period in this test. No estimate of steady state level is
available. Altematively, total fluorine levels for Chemical £ indicd that the
‘chemical may be approaching steady stite near the end of the dosing phase.
Differences in clesrance.pattemns can aiso be seen. Initial clearance of Chiemical F
froin the blood is rapid after dosing ceases and is followed by slower clearance
between days 13 and the end of the recovery phase. - Clearance of Chemical E
follows a different patiérn and appears 1o be slower.

5

eramaar FquSlnts of A b one
5

0

« "
Days o Test

+ Comparison of AUCINF/D for Blood Organic Fluorine Across Tested
Chemicals
The area under the curve calculasion provides an estimate of 1otal fluorine load in the
rat during the course of the dosing and recovery periods. Foureen of the tested
18 chermicals are compared for relative sceumalation in 4 mammatian systemn. The
other four chemicals tested had rio measurable area under the curve.

+ Comparison of Organic Fluorine Levels in Blood and Liver
The Wickbold torch can be used for combustion and subsequent analysis of total
orgaaic fluorine in tissue samples. In the first example, fluorine levels in blood 2nd
liver of animals treated with Chemicals A and B are compared at the end of dosing
(Day 10), three days afier the dosing phase (Day 13).and at she end of the recovery
phase (Day 94). Both'blood and liver samples have higher levels of organic fluorine
in-rats treated withi Chemical A than in those treated with B.
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- In the sepond example, 4o aleolols dre compared at the end of the dosing period
(Day 10) and at the end of the recovery period (Day 943, Blood levels were similar,
but leyelsof fluoine in the liver were Higher for one alcohof than for thie oter.
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B Discussion

« Normalization of data by taking-into consideration the dosage administered and the

organic uorine conent ofthe st chemical makes it possvl o eadily conpare
‘matecials. “Kinetic anal ion of AUCINF/D for his set of

chemicals showed a wide range in the pﬂmnuul for fluorine to pecamulate in the blood of

tod rats, Avea under the curve ranged from a high of approxinutely 566,500 for
Chemical A (PFOS) 1o a low, of zero. ‘Fluorotelomer process chemicals had AUCINF/D
values of 28,900 or fess in this assay. 1t s recognized, however, that not all of these
chemicals fiad achieved steady state in the blood by the termination of dosing on Day 10.
Thus, the calenlated umbers have limitations and should be used accordingly.

- “To determiine if organic flaorine can be stored inotler body compartineats, tissues were
also combusted and anlyzed by this method. The fluorine levels in the liver indicated
that blood levels do not account for the total fluorine storage in the body. A variety of
liver fevels were cvident, indicating a need for further assesstnent of distribution for some
o thesesmavrials. The Wickbold torch o of nalysis i sow and edios, bt the

ftotat stow on i tissue without having
specific anslytil methods avml-’xble for each parent or metdbolite. It is also useful whea
evaluating the results of exposures to mixtures, which muke up.a'large portion of this
chemical selection.

§ Conclusion

‘This ion screening study was used to rak o series of fluorinated
chemicals for bionccumulation/biopersistence potential. The calculated blood aren under
the curve for perfluorooctane sulfoniite (PFOS) was 8x that of ammonium
periluorooctanoate (AFFO) and 19-1800 that of Auprotefomer-based mateials. ‘This
screen has the potentisl to be a valusble toot for use:in selection of chernicals for further
rescarch and.in development of experimental designs.
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