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Cumulative chemicals should
have same “mechanism of toxic
action” and “site of toxic effect”.

Or In other words:



Cumulative chemicals have a common
mechanism of toxicity.

Common mechanism of toxicity
pertains to two or more chemicals
that cause a common toxic effect(s)
by the same or essentially the same,
seqguence of major biochemical
events (I.e., mode of action)



Proposed Cumulative Class:

Currently including:

PFOS and its homologs:
F(CF2),S0O3

PFOA and its homologs:
F(CF2),CO2



Justification 1

Common mechanism of action



Uncoupling of oxidative
phosphorylation is apparently
the primary molecular
mechanism of toxicity.
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PFAs shown to be uncouplers

PFOS

FOSA (perfluorooctane sulfamide)
PFHS (perfluor ohexane sulfonate
PFOA

PFDA (perfluorodecanoic acid)



Justification 1b:

Data supporting uncoupling
as a mechanism



Poor body mass gain efficiency Is
symptom of the uncoupling of
oxidative phosphorylation.

Most PFA toxicity studies report loss of
weight, poor growth, or poor food
conversion efficiency can be
calculated from data.
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Justification 2

Common sites of toxic effects seen



Similar effects on tissues are
observed across the class

Thymus atrophy

Thyroid hormone decrease
Thyroid mass increase
Liver enlargement
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Structurally Similar

F(CF2),S0,

F(CF2),CO,



Reasons for Thymus

 Thymus effects seen in every study In
which it was evaluated.

* No NOEL yet established, so could
be most sensitive toxic response.

 In early development thymus health Is
extremely important.



References for Study Used

« Thomford PJ. 2000. 26-week capsule toxicity
study with perfluorooctane sulfonic acid
potassium salt (PFOS: T-6295) in Cynomolgus
monkeys. US EPA OPPT AR226-0957

e Seacat AM, Hansen K. 2000. Analytical
laboratory report from the 26-week capsule
toxicity study with Perfluorooctanesulfonic acid
potassium salt (T-6295) in Cynomolgus
monkeys. US EPA OPPT AR226-0981



Observations of Atrophied Thymus

Control Low Mid High
Females 0of4 4 of 4 4 of 4 30f4
Males 1 of4 2 0of 4 30f4 2 of 2

e Concentration PFOS In sera of low dose
females at end of study: 11.4— 17 ppm



|dentification of fluorochemicals in human sera.
Ill. Pediatric participants in a group A
Streptococci clinical trial investigation.

Olsen GW, Burris JM, Lundberg JK, Hansen KJ,
Mandel JH et al. 2002.

US EPA OPPT AR226-1085.



Chemical Conc. ppm
Perfluoro sulfonates
C6
C7
PFOS
C9
C10
Perfluoro fatty acids
C6
C7
C8, PFOA
C9
C10
Cl1
C12
C13
Cci4
C15
C16

Sum Perfluorinated acids:



Female rat sera NOELS for PFOS and
PFOA

PFOA: 0.15 mg/l

PFOS: 5.3mg/l

Reference:

 Metrick M, Marias AJ. 1977. 28-day oral toxicity study
with FC-143 in albino rats. US EPA OPPT AR225-0445

* Belisle J.1978. FC-143 analysis of serum samples from
rats from 28 and 90-day studies. US EPA OPPT AR225-
0442

e Case 1999. Summary PFOS rat two-generation
reproduction study. US EPA OPPT AR226-0569



Chemical High Conc. ppm Median Conc. ppm

C6 sulfonate 0.50 0.004
C7 sulfonate ? ?

PFOS 0.22 0.03
C9 sulfonate ? ?
C10 sulfonate ? ?
C6 fatty acid ? ?
C7 fatty acid ? ?

C8, PFOA 0.03 0.004
C9 fatty acid ? ?
C10 fatty acid ? ?
C11 fatty acid ? ?
C12 fatty acid ? ?
C13 fatty acid ? ?
C14 fatty acid ? ?
C15 fatty acid ? ?

C16 fatty acid ? ?



Perfluorodecanesulfonate (PFDS)
estimated to be equal to PFOS

Rational: Detected in samples where
PFOS levels are close to limits of
detection.

Reference:

« Hansen K. 1999. Laboratory report: analysis of

fluorochemicals in wild bird livers. US EPA
OPPT AR226-0079.

« Hansen K.1999. Analysis of FCs in samples of
children’s sera. US EPA OPPT AR226-0961



Perfluorodecanoic acid (PFDA)
estimated from PFOA level

Based on bioaccumulation factor (>500
times that of PFOA) and the relative level
In a dominate product, Zonyl BA.

References:

Hansen K. 1999. Report of data for exploratory
28-day oral toxicity study in rats: telomer
alcohol, telomer acrylate, PFBS, PFHS, PFOS.
US EPA OPPT AR226-0951

duPont material safety data sheet on Zonyl BA



Concentration (ppm) In rat liver

Day 1 Day 14 Day 28
PFOA 0.16 0.016 <.003
PFDA 1.69 1.36 2.24

1.20 1.20 0.81
C1l2 0.117 0.085 0.101

0.029 0.035 0.036

*Gavage telomer alcohol mixture for 28 days. Stopped dosing on dayl



Half-lives of PFOS and PFOS In
Sera

Rats Humans
PFOA 4.8 days 4.4 years
PFOS /.5 days 8.7 years

Reference:

e Gibson SJ, Johnson JD. 1979. Absorption of FC-143-14C in rats after a single oral
dose. US EPA OPPT AR226-0455

e Gibson SJ, Johnson JD. 1979. Absorption of FC-95-14C in rats after a single oral
dose. US EPA OPPT AR226-0007

* Burris JM, Lundberg JK, Olsen G, Simpson C, Mandel J. 2002. Determination of
serum half-lives of several fluorochemicals. US EPA OPPT AR226-1086



C12 and C14 perfluoro fatty
acids estimated from PFDA

Reference:

 Mabury, S. 2002. Fascinating fluoro facts
of perfluorinatedalkyl carboxylates and
sulfonates. SETAC 2002 meeting
presentation.



C9, C11, C13 and C15 estimated
to be same as homolog with one
less carbon.

Reference:

 Mabury, S. 2002. Fascinating fluoro facts
of perfluorinatedalkyl carboxylates and
sulfonates. SETAC 2002 meeting

presentation.



Estimated Concentration of Perfluorinated
Acids In Sera of 2-year-old Girls.

Highest Estimated Median Estimated
Measured  Highest Measured Median
Chemical Conc. ppm Conc. ppm Conc. ppm Conc.ppm
Perfluoro sulfonates
C6 0.50 0.62 0.004 0.005
PFOS 0.22 0.22 0.03 0.03
C10 ND 0.18 ND 0.02
Perfluoro fatty acids
C8, PFOA 0.03 0.04 0.004 0.005
C9 ND 0.04 ND 0.005
C10 ND 12 ND 1.4
Cl1 ND 10 ND 1.3
C12 ND 19 ND 2.3
C13 ND 15 ND 1.8
Cl4 ND 25 ND 3.0

C15 ND 20 ND 2.0



Highest Estimated Median Estimated

Measured  Highest Measured Median
Chemical Conc. ppm Conc. ppm Conc. ppm Conc. ppm
Perfluoro sulfonates

C6 0.50 0.62 0.004 0.005
PFOS 0.22 0.22 0.03 0.03
C10 ND 0.18 ND 0.02
Perfluoro fatty acids

C8, PFOA 0.03 0.04 0.004 0.005
C9 ND 0.04 ND 0.005
C10 ND 12 ND 1.4
Cll ND 10 ND 1.3
Cl2 ND 19 ND 2.3
C13 ND 15 ND 1.8
Cl4 ND 25 ND 3.0
C15 ND 20 ND 2.0
Sums: 102 12

Level causing thymus atrophy<11.4
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