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PFCs In Environment

Direct sources Indirect sources

anufacturing: PFOS,
PFOA...

Fluoropolymer POSF products
manufacture

Fluorotelomer
products

Fire-fighting Foams

Consumer products:
coating, repellent...



PFCs: History and Production

Family of fluorochemicals

Perfluoroalkyl acids, amides and alcohols (not
Included in this study)

Industrial manufacture, fluorotelomer, precursor,
Intermediate, Surfactants used in fluoropolymer
production

Consumer products: Water and oil repellant; food
packaging; fire fighting foams; textile treatment; ...

Oxidation, degradation, impurities in POSF products



PFCs: Present

PFOS, PFOA and other related PFCs began phase
out in 2002 (direct production ceased, elimination of
PFCs containing products, PFOA steward program

(2006) ...)

Exemptions
Substitutions: shorter chain perfluorosulfonate

Correspondingly a decrease in NHANES data 03-04
comparing with 99-00 samples for PFOS, PFOA and
PFHXS



Certain compounds have been detected in blood samples
(human and wild life) throughout the world
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Detected also in tissue (sea animals, including fish, birds and
mammals)

90 - ¢) Fish OPFOS

- — W PFOA

B PFMA

03 OPFDA

g 60 T _ EPFUA
I: O PFDoA
= O PFOSA
'IE o

8 30

Lake trout!  Slimy sculpin/ Alewifel Rainbow
Canada Canada Canada smelt! Canada

Muir D.C.G., et. al., VOL. 40, NO. 11, 2006 / ENVIRONMENTAL SCIENCE & TECHNOLOGY



List of the PFC analytes

PFOS: CF;(CF,),SO;H

PFHxS: CF4(CF,):SO;H

PFBS: CF;(CF,);SO;H

PFOA: CF;(CF,);CO,H

PENA: CF;(CF,),CO,H

PFHpA: CF;(CF,);CO,H

PFDeA: CF;(CF,)sCO,H

PFUA: CF;(CF,),CO,H

PFDoA: CF;(CF,),,CO,H

PFOSA: CF;(CF,),SO,NH,

Et-PFOSA-AcOH: CF;(CF,),SO,N(CH,CH,;)CH,CO,H
Me-PFOSA-AcOH: CF;(CF,),SO,N(CH;)CH,CO,H



PFCs: Structures
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SPE-HPLC-MS/MS sample analysis

100ul serum 0.1M formic acid

v

SPE prep: C18 Cartridge
Autosampler

Loading
Washing

MS/MS - HPLC separation
analysis

Pre-prep for a first step separation and a more concentrated
sample (the SPE cartridge)

HPLC column for separation and analysis (C8)

ESI negative

MS/MS detection




Our SPE-HPLC-MS/MS system: the
Flow Chart
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Signals, each analyte, with the monitored transition

/L PFBS 299->80
A PFHXS 399->99

A PFOS 498->99

PFOS% 498->78 /\

| i Me-PFOSA 570->512 /\

Et-PFOSA 584->526 A




Signals, each analyte, with the monitored

transition
]L PFHpA 363->319

A PFENA 463->419

PFDeA 513->469 /\

PFUdA 563->519 A

PFDOA 613->569 /\




LOD and LOQ

Analyte LOD(ng/mL) LOQ(ng/mL)
PFNA 0.217 0.361
PFHpA 0.006 0.010
PFDeA 0.054 0.090
PFDOA 0.021 0.035
PFOS-2 0.065 0.109
PFOA 0.042 0.071
PFBS 0.076 0.126
PFOSA 0.039 0.065
Me-PFOSA-AcOH 0.008 0.013
Et-PFOSA-AcOH 0.018 0.030
PFHxS-1 0.007 0.011

PFUdA 0.017 0.029



Calibration curve
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Inter-laboratory comparisons

In House: 3 levels, QCL, M and H
CDC QC materials: 2 levels, QCL and H

SRM material (contain PFOS, PFNA, PFOA,
and PFHXxS)

QC material from Dr. Kannan'’s Lab (SUNY) (contain
only PFOS and PFOA)

Standard Material from Carin Huset (Minnesota DPH)
(contain PFOS, PFOA, PFHXS and PFHpA)



QC: In-house
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QC: In-house
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QC: In-house
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QC: CDC QC samples

. QCL In house test
in house results vs. CDC value, QCL value(ngim)
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QC: CDC QC samples

in house results vs. CDC value, QCH
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Contemporary serum Analysis

First batch: 17 samples (human serum),
together with 2 blanks

Second batch: 20 samples: cat serum

In house QC, CDC QC, SRM samples are all
iIncluded together with each batch run,
together with the 8 points calibration curve

All QCs returns acceptable. (PFDOA is an
exception)

Blanks have similar results as serum blank.



Contemporary Human Serum: N=17
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Contemporary Human Serum: N=17

NHANES(9 | NHANES(0
9- 3-04)
Mean High Low Median 00)median median
PFnA 1.11 2.45 0.52 0.83 0.60 1
PFDeA 0.48 1.23 0.15 0.37 <LOD <LOD
PFOS 13.37 27.90 7.64 10.40 30.40 20.7
PFOA 3.08 5.04 1.44 2.98 5.10 4
PFOSA 0.08 0.48 0.01 0.04 0.30 <LOD
Me-PFOSA-AcOH 0.32 241 0.09 0.21 0.90 <LOD
Et-PFOSA-AcOH 0.16 1.52 0.01 0.03 0.50 <LOD
PFHXS 1.16 2.07 0.30 1.15 2.10 1.9
PFUdA 0.38 2.25 0.01 0.25 <LOD <LOD




Contemporary Human Serum: N=17

Median Median (F) Median (M)
PFnA 0.83 0.79 1.37
PFDeA 0.37 0.45 0.35
PFOS 10.40 10.17 15.50
PFOA 2.98 1.91 3.78
PFOSA 0.04 0.04 0.05
Me-PFOSA-AcOH 0.21 0.21 0.11
Et-PFOSA-AcOH 0.03 0.03 0.02
PFHxS-1 1.15 0.66 1.42
PFUdA 0.25 0.39 0.25




Contemporary Human Serum: N=17

correlation, PFOA vs. PFOS

3
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Cat Serum: N=20
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Cat Serum: N=20

NHANES( | NHANES
99- (03-04)
Mean High Low Median | OO)median | median
PFnA 2.70 7.22 0.63 1.93 0.60 1
PFDeA 0.80 2.02 0.13 0.66 <LOD <LOD
PFOS-2 12.24 63.80 2.60 7.87 30.40 20.7
PFOA 2.22 7.21 0.21 1.63 5.10 4
PFOSA 0.01 0.04 0.00 0.00 0.30 <LOD
Me-PFOSA-AcOH 0.66 2.64 0.05 0.21 0.90 <LOD
Et-PFOSA-AcOH 0.03 0.10 0.00 0.02 0.50 <LOD
PFHxS-1 3.39 27.00 0.14 0.58 2.10 1.9
PFUdA 1.60 5.54 0.11 1.18 <LOD <LOD




Cat Serum: N=20
Correlation PFOA vs. PFOS
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Cat Serum: N=20
Correlation PFHxS vs. PFOS
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Human serum: Summary

PFOS, PFOA, PFHxS, PFUdA and PFNA are
detected in all serum samples

PFOS, PFOA and PFHxS, male median > female
median

PFOSA, Me-PFOSA-AcOH, Et-PFOSA-AcCOH are
also detected in certain human serum samples.

Compared with NHANES data, PFOS and PFOA in
CA both show decreasing trend. However, the longer
chain PFCA compounds have increased from below
LOD to detectable range.

PFBS?7?7



Future work

More sample analysis: time trend, correlation
patterns, age/gender, locations

_ook at breast milk samples

nclude more PFCs of interest: PFPeA,
alcohols?

ldentify pathways PFCs come Iinto
environment
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Human serum vs. cat serum
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Indirect sources of PFCA

INDIRECT sources of PFCAs (linear)

Surfactant Ingestion & Metabolism

Q
]
F{CF,),CH,CH,O-P-OH m s mwy DIRECT source
o *a,, FICF.).CH,CH,OH
*
Fluorinaied surfactanis in .4‘ ¥ =8,10,12, elc. (even #) Il: lu: Iu: E
food packaging : % ﬂ:'
. \%3 FFFF
-
"‘ F(CF,) co0 Perllucro Pelymer
‘.‘ (e.g. PTFE)
F ‘l‘ y = (x-1) major and (x) minor 5]
Fa,_ PFOA (major) and PFNA (minor) FFOA
F" #F ml::f:mg
’SE Human
F F
C S we Exposure —F(CF.).COO0-
F7 tomf ACH) v, Isomer mixture until 2002
/ F HEC,EH e . Post 2002 —only linear
e 2
CH: H Sl % FoF,)co0
H.C c

o 0\ He Residual FTOHs .
r F O {Polymer Degradalion '*" ﬁ/f
- -
——C—CH ¥
( }é )'--.---"" F(CF,),CH,CH,OH
n x=8,10.12, elc. (even &)

Fluorinated Polymers FTOH Inhalation & Metabolism

{carpets, fabries, ete)

De Silva A., Mabury S. A., VOL. 40, NO. 9, 2006 / ENVIRONMENTAL SCIENCE & TECHNOLOGY




Korzeniowski S. H. et. al, VOL. 40, NO. 1, 2006 / Envir. Sci. & Tech.

#Carbon Metric
Acid Tonnes
B 1
B 200
g 29
10 2
11 7
12 0.3
13 2




Possible additional sources besides industrial
manufacture and applications

Degradation: fluorotelomer alcohol
piodegradation

Possible metabolism

(N-Et) PFOSA - PFOS? (only in laboratory
models)

PAPS - PFCAs

1. Tommy G. T. et.al, Environ. Sci. Technol. 2004, 38, 758-762, Biotransformation of N-Ethyl
Perfluorooctanesulfonamide by Rainbow Trout (Onchorhynchus mykiss) Liver Microsomes

2. Mabury S. C. et al, Environ. Sci. Technol. 2007, 41, 4799-4805, Production of Perfluorinated
Carboxylic Acids (PFCAs) from the Biotransformation of Polyfluoroalkyl Phosphate Surfactants (PAPS):
Exploring Routes of Human Contamination
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