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AnsTRACT
Blood samples of a liggxell Laboratory inhalationsubchronic study on nave been analyzed fof organicCluorine and iparganteiuori®s. The Kinetic of socption andelimination of blood have been determined. TheConcentration related organic (luorine in bloodvas found va inci®ee apprBiinately vith the sauace root of theincceasing concentration in the air inhaled. The

elimination of| trom blood appears to obeyCirat-order KiMGtice. butthe rate coefficient decreases withThe square root of the increasing poscexposuce ime.
The elimination rate coefficients ocgmm— +0perfluoragetanoic acia in blood 40 not differ enHoveve r; 1s less volatile than pertivorootianoicacid «na Phe concefrations of fn alc andconsequently in blood are therefore 11keT to be lower thanthose of pertluocooctancic acid.
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8 %
E - OBJECTIVES

{ . To gecerine fluccine in rat blood sazples. submitted
1 vy] haskell aboratory. of (he inhalatign
33 susthrome toy to estimate the
; Teves in blood fol MERI eXPHuce and the catfmof eTRIMicion
; from blood:

3 f BACKGROUND

] The observation by Taves (1,2) that human blood seus
contains both inorganic lyoride and organic fluotine have

: Tncreated the interest in the retention of organic
4 £iorocnenicals in blood. In a study on the exposure of
6 industrial workers to fluorochemicals (3). elevated fluorine: concentiations, fanging (fon 1 0 71 ppm. ware found in the
4 Flood of worners handling the amnoniun salt of perfluoco
1 ocvanoic acid. The long retention Time of pertiuorooctancic
a cia tn blood has lead to efforts to replace pertluorcoctancic
4 1d sata by Less volatile (1uorinated suriactante:
; aSnort ad ol ns eres coon

Toner Boas designed to replace ammoniun per(luotooctansate
i in Tefiond polymerisation processes.

i CONCLUSIONS

| 1. The amount of organic tlhprine in blood increases with the
» * square root of increasing oncentration in the
vy air inhaled.

2. The elimination or gum— blood approxinates
Titer order Kinet i@hlouevBl. tne rate contficient is not
2 Constant, jut decreases ith the square root of the| Teme etennai

3. The elimination rate coefficients ocfgumm— .: thatpectiucrooctancic acid do not di(Mr marke. Hovever.
To Tess volatile and its concentrations in air -

nt eRlently in blood are likely Go be lover than those
of perfluorooctanoic acid.

4. The inorganic fluoride levels in blggd increaged siighly,
Te significantly. ater exposure om» aif but
decreased to normal values in a relatively short time.
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PATENTSITUATION

io patent Protection ¥ ; 4
= A pocenc appicatiol

has been filed.

Proposed Filing Action
Patent action. related to this study. is not planned.

| PUBLICATION STATUS

The Kinetic interpretation of sorption and desorption of
| fluorosurfastants in blood is novel and probably of general

villatty. Publication will be considered.
|
| The method for the determination of inorganic fluoride

fn blood has been published (E. Kissa, Clin. Chem. 33, 253
(19871. -

FUTURE, MORK

onE— on121 100 study has béen completed and
n turthor work=ts not pLfMned. ,

~D i f

saeery it
No unusual consideiations.

ENVIRONMENTAL CONSIDERATIONS

No unusual environmental considerations.

: - 3

D GonparySanizd.Bosssol coniTSCACSH

! 000668

meee RST ESR Ee see



Fay on ; .
| TABLE OF CONTENTS ! -

B® ! Page :

I Discussion . LLL...i......... 8
: 1. sorpcion ofENNin nied . . . . . . 5

2. erininacion of[EMRRtes cron Bloca. . . . 5
3. inorganic Fluoride in Blood . . . . . . .. 7

TL. Experimental o.oo... a... 6

LLL References . « . «. . i... ........20

~p

i -4-! 1
iS ‘CompanySanitzed. DoasnotcontainTSCACEN

|
i 000669



i
Pp. + DISCUSSION

| 1. sorption of [NE in Blood.
d taskell atory conducted an inalation subchronic

| study on Using rats as{ The tect WITROTET TWCTIConPee Uere collected after the tenth
| exposure, after two weeks, six weeks, and twelve weeks of| Eeovery. We analyzed Ane blood specimen fof total fivofine by
i 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 'Flubfine concentration and the inorganic fluocide
Concentration in blood:

The concentration of organic (luoine in blood. cp
was found to incggase sxoodbntiaiiy with the incrensing
Concenteationof[GEMMA 31c. co. expressed at

cp = Kc, fa
A plot of cp veraus ca on logarithmic scales| yielas straight dines with the siope n (Fig. 1): The plotThoue that the valuas of the coefficient: K. decreased with the

increasing recovery time (Table 1). The value of the exponentBio aposinately b.5, SuGeLtang that cy may be a functionor the Square Foot of cs (Table 11): A Blot of the organic
nconteation in blood versus the square 10st of

| DRACoc on" in 7 Yields indeed a straight| ner the Tiope ol which decreases With the Increasing recovery
a] tine. The lines do not pass through the origin, however, butThtaicopt the x-axis at 51otances hich decréace with the| Incregbing recovery tinesdFia. 3). The noniinearity of this

celationsnip at very Loo coc Lone Tequizes
| more data for a definite terpret&tion.

2. Elimination of[EENc<on B100d.
The presence of organic fluorine in blood has beenattributed t. fluorinated carboxylic acids which are volatilena abeoroed in the body mainly by inhalation (3.6): 'Becasseot concern about their long residence tine in blood;

perfluorooctanoic acid, ugad as the dispersant in the Teflon®
Process, was replaced. by| a flvorinateaSiefactant ot Tou volatis NY"

chronic inhalation study oo[——):roves
chat Tike perflucoctanoic acid, Free Mem ongFesifimce tinetn block: Tuaive weekiglier exposure to a lowConcentration (7.6 83/m3) o in ait theGrganot1uorine concentrationtin DYSCEFaguches tag normalCeeetonic:
concentrations in ait has a 8gnLCicant iy eleva
ceganetijorine concentration in their blood still after twelveVeeks (Table 1

o “se~~ .
CompanySanitzed. Dossntcontain TSCACBI

0006770

ee———————————————————————



4 PLECHI SR (Cunt Tl)

nape to comeace the ate at whichfamm—Y:celininat¥TPon blood to the eliminationrate SEIT.. Gotanoic acid, the data have to be fitted to a Kineticexpression which pecnits the calculation of rate constants ofFate coefficients, This is, hovaver, not straightcorvardbecause the elinifarion of fluorinated surfactants cron biooddoes not Obey simple Kinetics:
] It is usually assumed that the elimination off1uoraconpounds ron blood obeve, like a mass tranportBrocess. Firat order Kinecieo. The half-1ife of theFluoroconpound in blood has been veed to oxpress theelimination rate: However, the caiculacion of the half-lifeassunes uncomplicated first-order Kinetics and this aseunption$0 Rot alvaye valid:

1 have geported on that the decrease of organic
fluorine in blood during the postexposure period of a
perfluorooctanoic acid feeding study approximates first-order
kinetics:

+ log epseq x Ket @
where cp is the concentration of the fluorinated surfactantin blood at time tr cq the initial concentiation of thetluorinated surfactant in blood, and ky the race coefficient
of the elimination of the fluorinated surfactant from blood.1% tne (luorinated Burfactant is mot metabolized. vhich ro areasonable agoeunption: then the oEgamic {iuorine5 Concentrations in blood can represent the concentations of

2 fluorinated surfactants.

| A plot of log cp versus tine (Fig. 3) exnibits| conatderable curvature ahd consequently a sianificant departucefon unconplicated {iret-order Kinetics. The elimination rateof peciiuntooctanolc acid fron blood 16 more rapia in the
beginning than durimg the latter part of the récovery period.This Suggests that the desorption tate of pertlueresstonois
acid molecules in blood may vary. Perfluorooctanoic acid isKnown Co adsorb on Brotein in blood (7.8). Tt is possible thatthe ‘unadsorbed and the less strongly held portluechoteansicacia molecules are eliminated at 4 facter bate: Tesving theBore strongly held perfluorooctansic acid molecules back. It
is also possible that the strength df the adsorptive bond ofpectivorsoctancic acid molocutes varies. depending on ve
adsorption site in blood. 7

oo cheatiocser viet ofBUT toss 50mblood also shows curvatore (Fife 4). THPE deviation (ronuncomplicated Cicat-ofder Kinetics can ba expiaines by anSEatreive' Fic drpendent Variation of saserpiive:parsing,Sintier to that of the perflugreoctanaac sein mwBocefogesacey oRPoRstion may aiso complicate
its elimination kinetics. consists of molecules(teronere) of @ifferent on hich na of cact che5 desorption and the aifiusion rate of olecuien.

AL _e-
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t LIFCU7303H (Cenitdl)

* . The average rate coefficient k; for the slisinagionof a fluorinated surtactanc fron blood uring a time incéival
wt Ot is given by the general kinetic expression i

. Bert = ke cf? jay Hi

where 0c is the average organofluocine concentrat! n decrease |
and cy the average organofluorine concentration during the , °°

_ Ppostexposure time interval At.

It follows that tay

log (Bc/Bt) = log ky + z log ex (4) i

The organofluorine concentrati are plotted
according to equation (4) in Fig. 5 for] nd inFLa0 6 Toc for fiuotooctanole acid. The Flot yieldw pines withThe stone of about. ome; Indicating that he elimination processTe Kinerically of (iret order. Movewer: tho vapses oC karenot constant. ag. expectea fof an whcompiicates {iret orateProcess: but decease wiih the Increasing recovery tine (TableT3 Concnquontiy:

. 10g (ep/eg) = Ke t (5)

Whore ke 1s a tise dependent rate coefficient at time t.
The logarithm of oraancfluorine concentcation in blood. Plotted against the tauare Fost of ¢ine rietoe siraiont bins

i (Fig. 7). Hence |

109 (cp/eg) = ke £05 ®)
The question remainz. why does the organofivorine

concentration in blood fit the equation (5) and also equation(6: "Since the lls sides of the eavations are 1denticas the
right sides have to be equal

| Ke t= kg £05 @
i It follows that

Ke = kg / 0-5 ©
and: the equation (5) becomes equation (7):

10g (ep/eo) = kp t / 9-5 uk; 0-5 ®

ore .
CompanySanftized.DossnotcontainTSCACBI

Ei 000672
h



1
Fe . DISCUSSION (Cont'd.)

Mthoush tho cine tasecvats, ot which onefumm—
concentration in blood was determined. were not selected for

- determining the time dependence of the elimination rateCosfeicient. it is apparent that the values of ky varySppEoninacely with the square raot of time (FabiS 10)
In summary, the elimination of fluorinated surfactants

from blood is a {irst-order kinetic process having a time
depbndent rate coefficient. A logarithmic plot . according to
equation (4) yieids the average rate coefficient, Ky. for the
“ime interval At.

A comparison of ne oc perCluorooctanoicacid concentra tone. in bioo OeTREirt Hane The. fareoeteictont valves oP vor uae rontariiars may beiniiar. However: it mcs Tore veliils ThinPort luozaoceanoic TMA and pbs therolore » lesserCviromental prosien:
It ohould bo 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 liver and splecn, may also harbor
organic fluorine.

| 3. InorganicFluoridein Blood. :

| The inorganic fluoride in the blood increased
=D t perhaps significantly, as a result of exposure toTabla Vp: “The. everese, Inorganic tiuoside bares| creased Tron 0-017 Goi inant rol saniet to 6 obi pha sitecxporaze to 450 osuMMM 127" 1c Tuli Tne E0e?vat signiticant. tne TMorganie Fluocide cohcentiation ia plodTerutned to monet values ins Ioietively short sitar

Je
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2 i

i EXPERIMENTAL !

The oxyhydrogen torch method (DET Method CH-9-8.3) for
combustion of blood has been described in our report 16}.Total fluorine was determined as tluotide in the combustedanalyte with an fon-selective electrode (4). Inorganic£luoride in blood was determined by an analyte addition methodwe'developed 15]
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| amie 1
| ORGANIC FLUORINE IN RAT BLOOD tl

Exposure pes Ocasnic Fluorine ir Blood:
hy of Iovaeks  GoWeeK  12-WERKs,

3 Initial Recovery Recovery Recovery |

0 2.0 0.9 0.9 0a Ul7.6 2002 ao Us ols
5800 azo 13lo 22 ia

480.0 wo 40ls 1606 ai
“Average values for blood samples of five rats. to

-  ]

BLE_UI
: SokPTION oF In RAT BLOOD:

THE COEF¥ICIMNS XoANDTHEEXPONENT1
| Ae Recovery time

|= (weeks) xe a
| 0 2.87 ¢ 0.642 151 olsok oler als

S10
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LL . TABLE 111

I : KINETICS OF FLUORINE ELIMINATION FROM RAT BLOOD

RateHdecovery Period Coetticient Exponent(weeks Fluorochenical Xe. 2
. 0-2 (oi 0.36 110276 (¥ha1at on) ol17 10312 016 107Average 1507

0-2 Pertluocooctanoic 0.73 0.9226 acid (feeding) 0.3 103Average 0590

, + TABLEIY In
BATECOEFFICIENTS AS FUNCTIONOF TIME

PD Average Square Root Rate CoefficientsRecovery Recovery of Average PartluoroostaneiPeriod| Time Recovary oe Acid(uecks) (weeks) Time Found ™ CET Found Cale
0-2 1 1 0.36 : 0.73 -| 26 4 2 017 0.18 033 0.37| 612 5 3 os oz ;

| "+ Calculated by the equation (8). 5| .

Su
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EE TABLE V . Lo. INORGANIC (IONIC) FLUORINE IN RAT Bi0OD | c
DD aw.

onc. | Recovery . Organic Inorganic i1 Tine Fluorine Fluorine
{mg.red) AWeeks) (pom) (pom) RatNo.

0 o 1.4 0.016 376,8400 2 07 i olozs 376 8490 2 11 0.019 376 8350 2 0.7 0.007 376 8a1
480 0 140.0 ' 0.055 376 854480 0 112.0 0.034 376 828480 ° 168.0 0.063 376 87580 2 a2 0.020 376 850

i

~D
+ y -

tH
-12 - -
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i
he FIGURE 2CONCENTRATION OF ICRNTCPRUGRINE IN BLOOD VS.
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4 .

aa FIGURE 5THE ELIMINATIONTATE ormin- AS A FUNCTION OF ITS CONCENFRATION IFBLOOD‘|
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Te FIGURE 6 »THE ELIMINATIONRATEOF PERFUOROOCTANOIC ACID .AS A TUNCTION OF 175 ConenFansron mn sions]
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Ann FIGURE7
| (— cen FLUORINEIN BLOOD AS A PUNCTION OF TINE
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Solubilization of Lithium Carboxylates with Carboxylic Acids inHydrocarbon Solvents. J. Calloid Science 18, 147 (1963)
Solubility of Alkali Metal Carboxylates in Hydrocarbons, J.Colloid science 17, 857 (1962).
The Isolation of Microbalances Against Vibrations, Microchem.J.4. 89 (1960).

| The Microdetermination of Carbon and Hydrogen in Compounds| Containing Alkali and Alkaline Earth Metals. Microchem.d.1. 203(1957).
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8 tet INVITED PAPERS PRESENTED

B Determination of Organofluorine in Air, 190th American ChemicalSociety National Meeting, Chicago, I11., Sept. 1985. .
Wetting and Detergency. 186th American Chemical Society
National Meeting, Washington, D.C., Aug. 1983.

Mechanisms of Soiling and Detergency. Soil Release Finiches.Evaluation of Detergency: Natural and Model Soils, Visual and
Spectrophotometric Soil Evaluation. Conference on Soiling andDetergency, Clemson University. February 1583.
Wetting and Detergency. (Topical lecture.) The Fourth
International Conference on Surface and Colloic Science,Jerusalem. July 1981. (Sponsored by TUPAC).

| Evaluation of Detergency, American Oil Chemists Society Annual| Meeting, New Orleans, May 1981.
i Capillary Sorption in Textiles. Second Chemical Congress of! the North American Continent incl. the 180th ACS National

Meeting, Aug. 1980. Symposium on Reactions at Fiber Surfaces. =Las Vegas.
i! A. M. Dave and Erik Kissa. Dry Soiling and its Prevention,| Nultinational Symposium on Cotton Finishing, sponsored by

i UNIDO.. ACS/CSJ Chemical Congress in Honolulu. Hawaii. April~0) 1975.
Mechanisms of Soil Release. Multinational Symposium on Cotton| Finishing. sponsored by UNIDO. ACS/CSJ Chemical Congress: in| Honolulu, Hawaii, April 1979.
Kinetics of Detergency. Particulate Soils. 174th ACS National| + Meeting, Chicago, Ill., Aug. 1977. .
Soiling and Detergency, Gordon Research Conference, Textiles:
Fiber Science, 1975.

Sorption of Surfactants in Polyester Fibers, 169th ACS National
Meeting, Philadelphia, Pa., April 197%.

Kinetice of Detergency. 168th ACS National Meeting, AtlanticCity, N.J., Sept. 1974.
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a U.S.PATENTSISSUED

Erik Kissa i i
© 1961 US 3013 865 Hydrocarbon soluble alkali metali compositions
: 1965 US 3106 204 Dye-pad. hot-chemical-treatment dyeing3 process | ’

3 1966 (US 3 290 262 Fiber-ceactive dyes
f 1967 ' [US 3313797 Stabilized tiber-reactive dyes
i 1967 US 3321 457 Water soluble dyes of thePhonylazopyrazolone series containing a2.3 dichior0-6-quinoxal inylearbonylanino3 substituent
i 1963 US 3 453 038 Compartmented electrochromic device(Coinventors P. Manos and C. Wam1ig)

1570 US 3507 850 Folyneric fugitive dyes derived from
methacrylate alkyl ester, methacrylicacid and a dye monomer containingGullonic acid groups and a methacryloylSoup (Coinventor W. Conon)

1972 US 3 660 008 Dyeing sulfonated anionic polymeric§ fibers with an aqueous dispersion of ai salt and an aryleuifonate
NM 1973 Us 3 765 835 Anionic dispersion of a salt of acationic dye and a selected| atylsulfonate

| & 1973 US 3778 226 Durable-press and sofl-releasei compositions
| 1977 US 4 063 889  Halosolvent dyeing process for7 Polyester with cationic dyes havingSulfosuccinate anions.
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