AR Q26 _ 3466

70

000665



FRA26 _ 3466 ioiTod

N iébﬁ%ﬁiﬂS”ééﬁ?ibEﬁfiKL INFORMATION,

RESPONSIBILITY OF RECIPIENT.
WHEN NO LONGER NEEDED, DESTROY BY
BURNING OR SHREDDING.

Distq}bution on last paqe}

JACKSON LABORATORY

RESEARCH AND DEVELOPMENT DIVISION TECHN1CAL kspou?
CHEMICALS AND PIGMENTS DEPARTMENT{ CLNTRAL INACvre
E. 1. DU _PONT DE NEMOURS & COMPANY!  INFQ. SYSTEMS

LR«

C&P No.:__ JL-87-%5

Issued: A

Copy No.: '
RECE!V

IR AL GG

T oy

KINETICS OF SORPTION AND ELIMINATION
OF FLUORINATED SURFACTANTS IN BLOOD

Work done by: ' Erik Kiss

a -
Report writien by: ) Erik Kissa e
Approved by: : C.o Jd. Rensler

atent situation appros &

Type of technical work:
Period covered:

‘Personnel:

A& oA A .

-Blood samples of a Haskell Labora
subchrenic study on have been a
fluorine and igarganic f uoti €. The kine

elimination of blood have be
concentration related orqgani
was found tg sRimately with ¢
increasing . concentration in the
elimination of| from blood@ appea
first-order kin 1 the rate coeffic
rhe square root of the increasan postexpo

The e¢limination rate coefficients

)
g

-

~RD
|i_ugust 1984 to I-‘_ebrﬁ ry 1986

Ward Gibmon and Paunl A. Sainson

tory inhalation
nalyzed for organic
tics of sorption and
en determined. The
¢ fluorine in blood
he square root of the
air inhaled. The

re to obey

ient decreases with
svte time.

o {Qum— 2o
id in blood do not differ eatly.

perfluorqgetanoic
Howeve:.His less volatile tha
acid ¢nd the conceltrations ofH
consequently in blood are therelore 1ike'

those of perfluorooctanoic acid.

petfluarooc:anoic
in air and
to be lower than

EK: jve Company Sanitized. Does not contain TSCA cBl

0074J

R e VI S

%
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F b  BACKGROUND -

‘ The observation by Taves (1,2) that human blood serum
" contains both inorganic fluoride and organic fluorine have
increased the interest in the retention of organic ,
fluorochenmicals in blood. - In a study on the exposure of
industrial workers to fluotochemicals (3), elevated fluorine
concentrations, ranging from 1 to 71 ppm, were found in the
blood of workers handling the ammonium salt of perfluoro-
octanoicr acid. The long retention time of perflucrooctanoic
acid in blood has lead to efforts to replace perfluorooctanoic
cid saltg by less volatile fluorinated surfactants.
H an ammonium salt of a sultonic acid derived from
Telomer B, wag designed to replace ammonium perfluorooctanocate
in Teflon® polymerization processes.
§

CONCLUS LONS

1.‘> The amount of organic flugrine in blood increases with the
" square root of increasingiiy oncentration in the

air inhaled.

. . »HIrom blood approximates
tirst-order kineti®E. HowevE8I, the rate coefficient is not

2. The elimination of
a constant, hut decreases with the square root of the
increasing postexposure time.

3. The elimination rate coefficients ofHand that
perfluc opoctancic acid do not differ marke . However,

is less volatile and itg corcentrations in air

nd consequently in blood are likely to be lowet than those

of pertluo:ooctanoxc acid.

4. | The inorganic fluoride levels in blpgd increaged slxghtly,
it significantly. after exposure toka air but
decreased to normal values in a relatlively short Lime.
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PATENT _S1TUATION

Patent action, related to this study., is not pianned.
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PUBLICATION STATUS

The kinetic interpretation of sorptionfana desorption of

‘fiuorosurfastants in blood is novel and probably of general

v.:lidity. Publication will be considered.

. The method for the determination of inorganic (luoride
in blood has been published (E. Kissa, Clin. Chem. 33, 253

FUTURE, WORK

, B
inhalation study has béen completeu and

™
further work

t

i
!
i
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No unusual considerations.

ENVIRONMENTAL CONSIDERATIONS

No unusual environmental considerations. S
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‘ DISCUSSION

1. in Blood.

atory conducted an in alation subchronic
study on using rats as
the test | 06 samples were collected after the tenth

exposure, after two weeks. s5ix weeks, and twelve weeks of
tecovery. We danalyzed &he blood specimen for total fluorine by
the oxyhydrogen torch method (6} and for inorganic fluoride by
our analyte addition method [4]. 'The concentration of organic
fluorine in blood was calculated as the difference between the
total fluorine concentration and the inorganic fluoride
concentration in blood.

The concentration of organic fluorine in blood, ¢p.
was fourd to incgease expopentially with the increasing .
concentration oinn air, ca. expressed as -
. . : R
n : v
cbakca S . -.g'(l)i
A plot of cp versus ¢, on logarithmic scales
yields straight lines with the slope n (Fig. 1). The plot '
shows that the values of the coefficient, kK, decreased with the
increasing recovery time (Table 1). The value of the exponent
n is appoximately 0.5, suggesting that cp may be a function
of tne squate root of ¢, (Table I11). A plot of the organic
1u ncontration in blood versus the square root of .
concentration in air yields indeed a straight
line, the slope of which Qecreases with the increa51nq recovery
time. The lines do not pass through the origin. however, but
jutercept the x-axis at d1etances which decrease with the
increasing recovery time The nonlinearity of this
relationship at very 1lo n concentrations requites
more data for a definite InterpretStion.

2. Elimination ofjﬁfmm Blood.

The presence of organic fluorine in blood has been
attributed to fluorinated carboxylic acids which are volatile
and absorsed in the body mainly by inhalation [3.6]). Because

"of concern about their long residence time in blood.

perfluorooctanoic acid, u as the dispersant in the Tetlon@
process, was replaced. by _ a fluorinated .
surfactant of low volatility.

e sphchronic inhalation study onmshowed
that like perfluooctanoic acid, "8ls0o has a long
resi ce time*™fn blood. Tw fter exposure to a low

1c iglve week
concentration (7.6 mg/m3) OHI in air the
organofluorine concentration in bloo surned t
level. However, rats exposed to higher -
concentrations in air had a significantly elevat
organofllorine concentration in their blood still after twelve

weeks (Table 1).

normal

t
] ) i
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In order to compare the rate at whlchHis
eliminat om blood to the elimination rate UMperfluol¥-

"octanoic acid, the data have to be fitted to a kinetic

expression which permits the calculation of rate constants or

-rate coefficients, This is, however, not straightforward,

because the eliminarion of fluorinated surfactants from blood

does not obey simple kinetics. ; i

It is usually assumed that the elimination of
fluorocompounds from blood obeys., like a mass transport
process, first-order Kkinetics. The half-life of the
fluorocompound in blood has been used to express the
elimination rate. However, the caiculation of the half-life
assumes uncomplicated first-order kinetics and this assumption

is not always valid.

1 have geported [§] that the decrease of organic
fluorine in blood during the postexposure period of a
perfluorooctanoic acid feeding study approximates first-order

kinetics:
' log cp/cy = ket o (2)

where cp, is the concentration of the fluerinated surfactant
in blood at ‘time t, ¢, the initial concentration of the
fluorinated surfactant in blood, and k, the rate coefficient
of the elimination of the fluorinated surfactant from blood.
1f the fluorinated surfactant is not metabolized, which is a
reasonable asssumption, then the organic fluorine
concentrations in blood can repregent the concentrations of

fluorinated gurfactants.

A plot of log cp versus time (Fig. 3) exhibits
considerable curvature and consequently a significant departure
from uncomplicated first-order kinetics. The elimination rate
of perfluorooctanoic acid from blood is more rapid in the
beginning than durimng the latter part of the récovery period.
This suggests that the desorption rate of perfluorooctanoic
acid molecules in blood may vary. Perfluorooctanoic acid is
known to adsorb on proteln in blood [7.8]. It is possible that
the unadsorbed and the less strongly held perfluorooctanoic
acid molecules are eliminated at a faster rate, leaving the
more strongly held perfluordoctanoic ;acid molecules back. It
is also possible that the strength df the adsorptive bond of
perfluorooctanoic acid molecules varies, depending on the
adsorption site in blood. . ' ; ' e n

’ A first-order plot ofHelimination ‘from,
blood also shows curvature (Fig%v 4). ThT® deviation from
uncomplicated first-order kinetics can be explained by an
adsorptive site dependent variation of adsorptive bonding,
similar to that of the perflygrooctangjc acid. The
heterogeneous composition gf PR may also complicate
its elimination kinetics. consists of molecules
(telomers) of different chdln IeNygtNRyhich may _gaffect the
desorption and the diffusion rate of B nolecules.

-6 -
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The average rate coefficient k; for the elimingtion
of a fluorinated surfactant from blood durznq a time ‘ing rval
at is given by the general kinetic expression o i-'L

dc/bt = kt'ctz- : 5(3)7‘f§
where Ac is the average ordanofluor1ne concentrati a éec:ease
and c; the average organofluorine concentratlon dur xng the Pt
postexposute time intezval .3 S ‘
1t follows that . - , !
log {Ac/bt) = loq'kt + z log cy 4) . o f<

are plotted

The organofluorine concentrati
accotd1nq to equation (4) in Fig.:% for oy l:nd in
Fig. 6 for pecrfluorooctanoic acid. The Plot yield® lines with
the slope of about one, indicating that the elimination process
is kinetically of fitst-order. However, the values of ki are
not constant, as expectea for an uncomplicated first-order
process, but decrease with the increasing recovery time (Table
i11). Consequently.

log (cp/eqg) = Ky t (5)

‘where k¢ is a ;ime dependent rate coefficient at time t,

The logarithm of orqga rfluot:ne concentration in blood
plotted against the square toot gf time ylelds straight lines
(Fig. 7). Hence

!
109 (cp/cg) = kg :015 (6)

The question remains, why does the organofluorine
concentration in blood fit the equation (5) and also equation
(6). Since the left sides of the equations are identical, the
right sides have to be equal

kg t = kg t0-5 (7)
It follows that
Ke = kg / t0-5 ? e (8)
and: the equation (5) bec¢omes equation (7):

log (ep/co) = kp t / t0-5 o kp t0-5 (99

) v

<3
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Although the time intervals, at which theH
concentration in blood was determined., were not selected for
determining the time dependence of the elimination rate

coefficient, it is apparent that the values of Ky vary
app:orxmately with the square root of time (Table 1V).

In sunmmary. the elimination of fluorinated surfactants
from blood is a f{irst-order kinetic process having a time
depbkndent rate coefficient. A logarithmic plot , according to
equation (4) yieids the average rate coefticxent. ke for the
*1me interval At. ‘

A compatxson of the and pvrfluorooctanoic
acid concentrations in blood suggests that the rate
coefficient values fluorinated surfactants may be

-similar. However, R is much less volatile than
perfluorococtancic aCid and plBes thetefore a lesger '
environmental problem.

1t should be remembered that the disappearance of
organofluorine from blood does not necessarily indicate that
the fluorinated surfactant has been completely eliminated from
the body. Organs. especially Iiver and spleen. may also narbor
organic tluozxne. ,

.1
i

3. ;nonanic Fluoride in Blood. ;

The inorganie¢ fluoride in the blood increaced
t perhaps gsignificantly, as a tesult of exposure to
Table V). The average inorganic fluoride value

- “increased from 0.017 gor in conlgol sanples to 0.051 ppm after
exposure to 480 mg/m‘Hin air.  If this increase .
was slignificant, the lnorganic uoride concentration .in blood

returned to normal values in a relatively short txme..

i
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: . . EXPERIMENTAL

The oxyhydrogen torch method (CD&I' Method CW-9-8-3) for
combustion of blood has been described in our report [6].
Total fluorine was determined as fluoride in the combusted
analyte with an ion-selective electrode [4). 1Inorganic
~fluoride in blood was determined by an analyte addition method
" we developed [5].

¢
H
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TABLE 1

i ORGANIC FLUORINE IN RAT BLOOD

Exposure ‘ | ppm Drgg;n'i_cl'Fllgor_ine ir _Blood*
. phonQe of o - 2-Weeks = 6-Weeks  12-Weeks,

' 3} 1Initial  Recovery Recovery Recovery |
. o ' I , . : IR T
L0 2.0 . . 0.9 0.9 0.4 e

7.6 10.2 - 4.0 1.8 0.6 o
480.0 147.0 . - 40.5 16.6 SR T SR
*Average values for blood>eamples of five rats. - ’  § v

| - .1 TABLE U _.
1 " SORPTION oij IN RAT BLOOD:
. THE _COEFFI1CIENT k. AND THE_EXPONENT n

Recovery time

(weeks) Kt A
0 2.87 . 0.64
2 . 1.31 .56
6 0.67 0.53
1
- 10 -

Company Sanitized. Does not contain TSCA CBI
&%

wr



TABLE 111 o
KINETICS OF FLUORINE ggxuxnarxon FROM RAT BLOOD
p ‘ Rate
Hecovery Period _ : Coefficient Exponent
(weeks) Fluorochemical Ky .. z
; 0-2 (U 0.36 1.10
; 2-6 = (iBhalation) : 0.17 1.03
6-12 - 0.16 _1.07
: : Average 1.07
" ,
0-2 Petrfluorooctanoic : 0.73 1 0.92
2-6 X acid (feeding) - 0,33 —.1l.03
' Average 0.98
;  + TABLE 1V
BATE COEFFICIENTS AS A FUNCTION OF TIME
Average . Square Root v ,Rate Coefficients
Recovery Recovery of Average Pt " Perfluorooctanoic
Period Time Recovery LAcid
(weeks) (weeks) Time : Found- ‘Cale.*
0-2 "1 CoL 0.36 - Fo0.73! S
2-6 : 4 2 0.17 0.18 0.33 0.37
6-12 ’ 9 3 0.16 0.12 - T
" * Calculated by the equation (8). : ; _1.5
g i
- 11 -
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TABLE V : ‘ ST

B : o
INORGANIC (YONIC) FLUORINE IN RAT BLOOD .
st _ T :

xpggure ' : T

_ onc. ; Recovery . Organic inorganic D

n K1t P Tine : Fluorine Fluorine . = :
{mg./md)y | (Weeks) . (ppm) (ppm) Rat_No.
0 0 1.4 | = 0.016 . 376840
o , © 2 0.7 i 0.025% 376 649
N AP 2 . © 1.1 . 0.019 © 376 83%
0 2 0.7 0.007 376 841
480 0 140.0 ' 0.05% 376 854
480 ° 0. 112.0 0.034 376 828
480 0 168.0 0.063 : 376 879
480 2 " 4l.2 0.020 376 858

e
.
i 3
;
’ »
;
1
- 12 -
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K

CONCENTRATION OF ORGHMIC FLUQBINE IN BLOOD AS AN
EXPONENTIAL FUNCTION © ONCENTRATION IN AIR

poem £
IV BLOOD

O Pt .y ) . . - i
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'FIGURE 2 | :
CORCENTRATION OF. O 1C F RINE: IN BLOOD VS,
: THE SQUARE ROOT OF CONCENTRATION IN AIR,
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FIGURE 3

A FIRST-ORDER PLOT OF P

FLUOROOCTANOIC ACID
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A FIRST-ORDER PLOT OF ‘ ELIMINATION FROM BLOOD
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R FIGURE 5
THE ELIMINATION RATE OF |
- AS A FUNCTION OF ITS CONCEN ‘ L‘QOD‘ P
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FIGURE 6 4. oy
THE ELIMINATION RATE OF PERFIUOROOCTANOIC ACID
AS A FUNCTION OF ITS CONCENTRATION IN BLOOD.
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