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Toxicology Contribution to Whi=e Paper 

Prepared by: 

John L. Butenhoff, Ph.D.. DABT, CIH 

February28,1998 

3M sells product~ which contain the series of’chemical compounds built from the parent molecule, 
perfluorooctanesulf’onyl fluoride (POSF), as either intentional components or residual contaminants. These 
chemicals include, in order of" Lncreasin$ molecular size, Perfluorooctane Sulfonate (PFOS), N-Ethyl 
Perfluorooctane Sulfonamide (N-Et FOSamide), N-Ethyl Perfluoroocta~e Sulfonamidoethanol (N-Et 
FOSE), and the mixture ofMono-, Di- and Tri[N-Ethyl Perfluorouctane Sulf"onamidoethyl] Phosphates 
(Monoester, Diester, and Triester, respectively). All of these molecules incorporate the PFOS structure, 
which is not know~ to degrade metabolically. 

~sk is related to exposure =rod bioavailability as well as toxicity. The data suggest that, with the exception 
of die=tar and ~aster, all of"these molecules ate appreciably absorbed form the di[estive system. Specific 
absorption, studies show that ~,orption from the disestive sy=em decreases with molecular weight, la": 
other words, PFOS is > 9.~% absorbed, N-Et FOSE is > 7.~ % absorbed, Monoester is approximately 40 
absorbed, and Diester and Td©ster do not have appreciable absorption. Vghile we have no specific ~ 
the N-Et FOSamide, its significant sub-�~ronic oral toxicity suggests that it is well absorbed. 

A~er absorption of.N-Et FOSE or N-Et FOSamide, PFOS can be found in vario= tissues, with the largest 
relative amount= formal in liver and blood. ~ on an inta’aveno= i~jection study met[ PFOS, it appem3 
that 25 % of the dose can be found in the liver al~er 89 days, and 3 % in the plasma. Ther~ is ii~� 
concentration in f~ Evidence suggests that PFOS is highly protein bound, and it has a high alTmity foe 
fatty acid ~=’rier proteins. Other evidence suggesta that it can EtCOtTmrate into mcmbrane~ and increase 
membrane fluidity. 

All of these molecules could be expected to degrade metabolically in some propo~on to the PFOS 
sm~cture as an end-stage metabolite. Other membolite= are known, such as the N-Ethyl Perfluorooctaz~ 
Sulfonamido Acetate (for example). We do kmow teat the N-Et FOSE~ Monoester and the N-Et FOSamide 
will form PFOS metabolically. There is also evidence to suggest that N-Et FOSE and Monoester will form 
the N-Et FOSamide as well as other metabolites. 

PFOS is very effective at ion pairing with proteins, and has a high alq’mity for fatty acid carrier proteins 
such as albumin a~d L-FABP. PFOS also has an amphoteric nature which would suggest an atTmJt7 foe 
incorporation in membrane~. Becaus~ of these properzie~ it is not surp~sing that PFOS is slowly 
eliminated from the body, once absorbed, in rats, approximately 60 % of a given dose was still present 
after 89 days. With good abso~m (> 95 %) and slow clearance from the body, chronic insestion can 
significantly �ona’ibute to otnerved biological effects due to accumulation of PFOS. 

With the exception of the Monoesler, Diester, and Triester, which have not been studied as pure 
compounds, these molecules appear to share the similar toxic effect of severe weight loss and anorexia. 
In the case of PFOS, N-Et FOSE, N-Et FOSamide and Monoester, there is potential for cumulative toxicity 
over time. The similar value~ of the product of dose x time with respect to total dose (m[/kg/d x days) 
would be expected to and does appear to lead to a similar degree of toxicity. The primary toxic effect 
appea~ to be metabolic stimulation or metabolic wasting. This is hypothesized to be due to an effect on 
larry acid metabolLm~, membrane function, protein synthesis and/or mitochondriai bioenergetics. These 
compounds lack genotoxicity but have NOAELs or LOAELS generally in the range of 0. I-I mgAg/d. 
Cumulative toxicity and toxic endpoint will certainly affect the value of the LOAEL or HOAEL. 
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Ove~iew Assessment of Information Adequacy 

Prepared by: 

John L. Butenhoff, Ph.D., DABT, CIH 
February 2g, 1998 

At the direction of Larry Zobel, MD 

Note bone: This ~ble should not be consn’ued to suggest that all a~eas not noted as adequate should require 
specific studies in those areas. For example, a be~er understanding ofmonoester metabolism may preclude 
specific studies on monoester, if studies a~e adequate for known metaboiites. This table is meant ~ a 
framework for the prioritization process. 

Information I Information Adequacy by Molecule (Adequate means no additional work warranted) 

GI Absorption 

Disl~’ibution 

Acme Toxicit~ 
Sub-Chronic 

Chronic 

Good Good 

Good Good 

Good Fair 

Goal Good 

Adequate Adequate 

Adequate Adequate 

None o~ Pont 
(to ~-nt thin 

metabolite of 
N-EU~ose) 
None 
Adequate 
Adequate 
None 
Good 
Good 
Good 
Poor 

Poor 
None 

Fair (impurity) 

Adeq~mt.. 
None 
Good 
Good 
Noee 
Adequ~e 
Poor 
None 

Fair (toxic) Fair (toxic) 
None Poor 
None Fai- 
None Unknown 
Goal Adeq-~te 
None Adequate 

None 

Hone 

None 

None 
None 
None 
None 
Poor to Good 
None 
None 

Hone or Poor 
(to ex~.nt 
amide is 
me~oli~e of’ 
N-E~ose) 
Adequ~ 
Adequ~e 
Adequ~_~_e 
U~o~ 

G~ 
None 

P~r 
None 

Fair (impurip!) 
Good 
Fair 
Good 
Poor 
None or Poor 
(m extent ~hmt 
monoesxer is a 
component of 
FC-807) 
None 

None 
None 
None 
None 
None 
None 
None 
Poor 
None 
None 

O~her areas of investigation to be considered: 

¯ Additional mechanistic work 
¯ Sources of exposure other than Scotchban 
¯ Pre£¢rcntial pa~ifionin&, dbu’ibution, metabolism based on branch.! vs. linear i~mcr swucn~r¢ 
¯ Multisource risk 
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