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Welcome to Fluoros 

Greetings and welcome to Toronto and the ýrst Fluoros Symposium.  

I am extremely pleased at the overwhelming turnout, with attendance from every sector and from all over the world.  It 
was with signiýcant disappointment that we had to close registration early and turn away many who wanted to attend.  
This meeting was borne in the deliverables promised in a strategic grant written to the Canadian funding agency, 
NSERC, in the summer of 2000.  To sell the impact I hoped for our project on þuorotelomer alcohols, I proposed a 
small meeting to explore progress and the outstanding research questions.  I ýgured ñsurely a meeting would attract 50 
and perhaps even a 100 participants.”  At this writing Fluoros has over 300 registrants, 12 invited talks, and 100 poster 
presentations.  Iôm looking forward to writing the ýnal report for this grant!  

The mandate of Fluoros was to be broad with respect to þuorinated alkyl organic chemicals and highlight research 
into þuorinated pesticides, pharmaceuticals, and industrial and consumer materials.  Given the signiýcant interest in 
PFOS and PFOA by regulators and the public at large, it is not surprising that almost the entire suite of submitted 
presentations revolves around these and associated materials. The questions regarding the widespread nature, high 
biological concentrations, sources, mechanisms of movement, environmental processing and toxic modes of action of 
these compounds are at the forefront of research and regulatory agendas worldwide.  It is my hope and conviction that 
Fluoros will make a signiýcant contribution to enhancing our understanding of these issues and promote the activities 
necessary to solve the environmental problems linked with the use of these materials.  

This is a volunteer run and organized meeting.  My graduate students who work on óchemicals þuorinatedô all pitched 
in to make this meeting happen. The international scientiýc advisory committee designed the program format and 
selcted the oral presenters. This effort, along with signiýcant ýnancial support from our sponsors, made possible 
a meeting that was ýnancially modest in cost and hopefully memorable and valuable.  I encourage all attendees to 
approach the meeting in this spirit and work to make this a highly successful exchange of ideas.

Scott Mabury

Fluoros Chair 



Symposium Program

Thursday August 18, 2005

6:00 � 7:00		  Registration 				    Royal York Hotel
7:00 � 9:00		  Registration				    Great Hall, Hart House, University of Toronto
7:00 � 10:00		  Welcome Reception			   Great Hall, Hart House, University of Toronto	

Friday August 19, 2005

Morning Session  		 Environmental Fate and Transport	 	 Royal York Hotel, Ontario Room

8:30			   Opening Remarks, Scott Mabury, Fluoros Chair
8:40 � 8:50		  Moderator, Bob Buck, Dupont
	
8:50 � 9:20		  Scott Mabury, University of Toronto
			   Chemical Personality of Fluorinated Organics

9:20 � 9:50		  Jennifer Field, Oregon State University
			   Fluorochemical fate in natural and engineered systems

9:50 � 10:20		  Tim Wallington, Ford Motor Company
			   Atmospheric chemistry of long chain �uorinated organic compounds
	
10:20 � 10:30		  Poster Trailers � Preview of Session Posters
10:30 � 12:30		  Poster Session 1 � Coffee and Tea, Wellington Labs
	
12:30 � 2:00		  Break for Lunch

Afternoon Session 	 Analytical Chemistry & Monitoring		 Royal York Hotel, Ontario Room

2:00 � 2:10		  Moderator, Jon Martin, University of Alberta
	
2:10 � 2:40		  Bogdan Szostek, Dupont
			   Analytical methodology for monitoring of per�uoroalkyl substances (PFAS) in the environment: 		
			   past, present and future
	
2:40 � 3:10		  Nobuyoshi Yamashita, AIST, Japan
			   Global monitoring and trace analysis of per�uorinated chemicals in the environment
	
3:10 � 3:40		  Derek Muir, NWRI, Environment Canada
			   Biomonitoring of per�uoroalkyl acids: An overview of the global and temporal trend data

3:40 � 3:50		  Poster Trailers � Preview of Session Posters
3:50 � 6:00		  Poster Session 2 � Coffee and Tea

7:00 � 9:00 		  Fluoros Banquet 				   Dim Sum in Chinatown
								        Yui Wah, 421 Dundas St. W., Second Floor  



 									         Symposium Program

Saturday, August 20, 2005

Morning Session 		 Toxicology					     Royal York Hotel, Ontario Room

8:30			   Open
	
8:40 � 8:50		  Moderator, Keith Solomon, University of Guelph
	
8:50 � 9:20		  Wim deCoen, University of Antwerp
			   Wildlife toxicology of per�uorooctane sulfonic acid: effects and mechanisms
	
9:20 � 9:50		  Joseph dePierre, Stockholm University
			   Nature of the molecular mechanism underlying the biological effects of per�uorooctane 		
			   sulfonate and per�uorooctanoic acid
	
9:50 � 10:20		  John Butenhoff, 3M
			   The descriptive toxicology of per�uorooctane sulfonate and per�uorooctanoate
	
10:20 � 10:30		  Poster Trailers � Preview of Session Posters
10:30 � 12:30		  Poster Session 3 � Coffee and Tea
	
12:30 � 2:00		  Break for Lunch

	
Afternoon Session 	 Risk Assessment and Regulatory Policy		  Royal York Hotel, Ontario Room

2:00 � 2:10		  Moderator, Charlie Auer, U.S. EPA
	
2:10 � 2:40		  John Giesy, Michigan State University
			   Toxicological evaluation of per�uorooctane sulfonate (PFOS) in the environment 
	
2:40 � 3:10		  Jennifer Seed, U.S. EPA
			   Overview of US EPA�s assessment activities on PFOA and PFOS 
	
3:10 � 3:40		  John Arseneau, Environment Canada
			   Per�uorinated substances and Environment Canada�s regulatory framework
	
3:40 � 3:50		  Poster Trailers � Preview of Session Posters
3:50 � 5:00		  Poster Session 4 � Ice Cream Social, 3M

	
5:00 � 6:00		  Fluoros Summary and Wrap-up			   Royal York Hotel, Ontario Room



Environmental Fate and Transport

8:50 � 9:20
Scott Mabury, University of Toronto
Chemical personality �uorinated organics

9:20 � 9:50
Tim Wallington, Ford Motor Company
Atmospheric chemistry of long chain �uorinated organic compounds

NOTES



9:50 � 10:20
Jennifer Field, Oregon State University
Fluorochemical fate in natural and engineered systems

Analytical Chemistry and Monitoring 

2:10 � 2:40
Bogdan Szostek, Dupont
Analytical methodology for monitoring of per�uoroalkyl substances (PFAS) in the environment: past, present and future

NOTES



2:40 � 3:10
Nobuyoshi Yamashita, AIST, Japan
Global monitoring and trace analysis of per�uorinated chemicals in the environment

3:10 � 3:40
Derek Muir, National Water Research Institute, Environment Canada
Biomonitoring of per�uoroalkyl acids: An overview of the global and temporal trend data

NOTES



Toxicology

8:50 � 9:20
Wim de Coen,  University of Antwerp
Wildlife toxicology of per�uorooctane sulfonic acid: effects and mechanisms
 

9:20 � 9:50
Joseph W. DePierre, Stockholm University
Nature of the molecular mechanism underlying the biological effects of per�uorooctane sulfonate and per�uorooctanoic acid

NOTES



9:50 � 10:20
John Butenhoff, 3M 
The descriptive toxicology of per�uorooctane sulfonate and per�uorooctanoate

Risk Assessment and Regulatory Policy

2:10 � 2:40
John Giesy, Michigan State University
Toxicological evaluation of per�uorooctane sulfonate (PFOS) in the environment

NOTES



2:40 � 3:10
Jennifer Seed, U.S. Environmental Protection Agency
Overview of US EPA�s assessment activities on PFOA and PFOS

3:10 � 3:40
John Arseneau , Risk Assessment Directorate, Environment Canada
Per�uorinated substances and Environment Canada�s regulatory framework

NOTES
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Contributing to a better understanding of the partition behavior of �uorinated 
alcohols and ole�ns

Kai-Uwe Goss1, Guido Bronner1, Hans Peter Arp1, Christian Niederer1, Torsten Schmidt2, Monika Hertel2

1 Dep. of Environmental Sciences, Swiss Federal Inst. of Technology, Zurich,Switzerland 2 University of Tübingen, Germany

The transport and accumulation of organic chemicals in the environment is governed by their equilibrium 
partitioning between various media such as water, air, soil, plants, etc. Data for saturated air/water partitioning  

and vapor pressure have been published in the literature. From the latter data it has been concluded that the ability for 
hydrogen bonding is strongly reduced for the þuorinated alcohols. This would have wide ranging consequences for 
their environmental partitioning. We have performed various checks on consistency and plausibility of these data and 
conclude that they are not correct. In our own experiments we have measured data for air/water, air/quartz surface and 
air/humic acid partitioning as well the partitioning between air and various organic polymers for þuorinated alcohols 
and oleýns. All our data pass the plausibility and consistency checks that we applied before on the literature data. 
Furthermore, all our data indicate that the þuorinated alcohols engage in strong hydrogen bonds. From our partition 
data for the organic polymers we determined Abrahamôs LSER descriptors of the þuorinated compounds. These LSER 
descriptors comprehensively describe the partition behavior of a compound in any kind of partition system and have 
been shown to be much superior to descriptors such as octanol/water or octanol/air that have been used traditionally 
for the prediction of environmental partitioning. Here we ýnd a good agreement between LSER predictions based on 
our descriptors and our experimental data for air/water and air/quartz partitioning. However, our experimental sorption 
coefýcients from air to humic acid are systematically higher by up to an order of magnitude and more compared to 
those predicted with the respective LSER equation. This came as a surprise because the LSER equation worked well 
for 170 other organic compounds covering a range of 7 orders of magnitude in the partition constants. 
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Tropospheric sink of C2F5OC(O)H through dissolution in clouds and the ocean, estimated from the 
experimentally determined Henry�s law constants of the related �uorinated esters

S. Kutsuna, L. Chen, T. Abe, J. Mizukado, T. Uchimaru, K. Tokuhashi, and A. Sekiya

National Institute of Advanced Industrial Science and Technology (AIST)

C2
F

5
OC(O)H is an atmospheric oxidation product of C

2
F

5
OCH

3
, an HFC substitute, and C

2
F

5
OC(O)H is expected 

to have a relatively long lifetime (3.6 year) through only a gaseous reaction with OH. Since C
2
F

5
OC(O)H is 

known to hydrolyze easily, dissolution in cloud water and/or seawater is expected to act as sinks for tropospheric 
C

2
F

5
OC(O)H and it should be estimated. However, C

2
F

5
OC(O)H is difýcult to make and its solubility data such as 

Henryôs law constants are unknown.In this study, we determined the Henryôs law constants of four þuorinated esters 
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5
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3
] at 278 – 298 K by a column-stripping method, and used 

the solubility and reactivity of the esters determined herein to estimate tropospheric lifetime of C
2
F

5
OC(O)H through 

dissolution in clouds and the ocean.
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3
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3
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sol
 values were small with these substitutions. Sodium chloride salting-

out effects were also examined. 
	 On the basis of the solubility data determined herein and the hydrolysis rate constant reported for 
CF

3
CH

2
OC(O)H with the effects of þuorination on Henryôs law constants of the esters studied, the ocean is expected 

to serve as a tropospheric sink of C
2
F

5
OC(O)H, even if the solubility of C

2
F

5
OC(O)H is one-hundredth that of 

CF
3
CH

2
OC(O)H. Dissolution into clouds may also be a signiýcant sink of C

2
F

5
OC(O)H, only if C

2
F

5
OC(O)H has a 

large hydrolysis rate constant such as 10-1 s-1.

ENV002 Katsuna



The gas phase tropospheric removal of two �uoroaldehydes: C3F7CHO and C4F9CHO
G. Solignac1, A. Mellouki1, G. Le Bras1, Mu Yujing2

1 LCSR/CNRS, 1C Avenue de la Recherche Scienti�que F-45071 OrlØans cedex 02- France

2 Research Center for Eco-Environmental Sciences, Academia Sinica, Beijing, China, 100085

Fluorotelomer alcohols (FTOHs, C
n
F

2n+1
CH

2
CH

2
OH), used in a variety of industrial products, have been suggested 

as a potential source of persistent perþuorinated carboxylic acids (PFCAs, C
n
F

2n+1
C(O)OH) which have been 

detected in the environment. PFCAs may be produced in the gas phase from the aldehydes (PFAs, C
n
F

2n+1
CHO), which 

are likely to be secondary atmospheric oxidation products of FTOHs. 
	 The contribution of perþuorinated aldehydes to the atmospheric production of PFCAs depends largely on 
their degradation mechanisms. In the gas phase, �����������������������������������������������������������������������         the principal degradation processes of ��������������������������������    PFAs ���������������������������   are controlled by reaction 
with OH and photolysis. While the OH-initiated oxidation of PFAs has been suggested to lead ultimately to PFCAs, 
the atmospheric photolysis may not produce these acids. Hence, it is of importance to assess the contribution of each 
process to the atmospheric degradation of the perþuorinated aldehydes in order to evaluate the gas phase atmospheric 
production of PFCAs from PFAs.
	 In this context, we have conducted a study of the photolysis and the OH reaction of two þuoroaldehydes 
(C

3
F

7
CHO and C

4
F

9
CHO). The UV absorption spectra have been determined in a 100 cm long �������j�������������� double-jacketed Pyrex 

cell using a D
2
 lamp as a light source and a detection system based on diode array detector. The absorption cross 

sections were measured in the wavelength range 250-350 nm. �������������������������������������������������         The rate constants for the reactions of OH with C
3
F

7
CHO 

and C
4
F

9
CHO have been determined using the pulsed laser photolysis-laser induced þuorescence (PLP-LIF) system 

in the temperature range 253-373 K. In addition, the European outdoor photoreactor EUPHORE will be used to study 
the photolysis of the two aldehydes under sunlight conditions in June 2005.The data obtained in different systems will 
be presented and discussed in terms of their atmospheric impact.
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Biodegradation potential of a Clariant �uorotelomer-based acrylate polymer � Results from a test 
on inherent biodegradability (OECD 302B)

Willibald Boese1, Catherine Ho2, Wolfgang Knaup3 and Volker Koch4*

1 Clariant GmbH, Analytical Laboratory, 84504 Burgkirchen, Germany
2 Clariant Corp., Corporate Analytical Laboratory, Charlotte, NC, USA
3 Clariant GmbH, R & D Fluoro telomers, 84504 Burgkirchen, Germany
4 Clariant GmbH, Corporate Product Safety Environmental Risk Assessment, 65840 Sulzbach, Germany
   * To whom correspondence should be sent

Fluorotelomer-based acrylic polymers (FBAPs) are speciality chemicals being used for coating of textiles, paper 
and carpet to achieve oil, stain and water repellency properties. The major building block of these high molecular 

polyacrylates is the Fluorotelomer alcohol 2-Perþuorooctylethanol (8-2 OH) which may undergo e.g. biotransformation 
to oxidation products like 2H,2H-Perþuorodecanoic acid (8-2 COOH), 2H-Perþuoro-2-decenoic acid (8-2 U COOH) 
and PFOA (8 COOH). Such biotransformation processes are slow under conditions of ‘ready biodegradability’ and 
therefore a test on‘inherent biodegradability’ was carried out. 

It is known from the scientiýc literature that unpolar high molecular weight (MW) polymers e.g. alkyl polyacrylates 
are not biodegraded in a short time frame (Alexander, M., Biodegradation and Bioremediation, 2nd Ed., p. 400, 
Academic Press, San Diego, 1999). In addition Clariant investigations have shown that FBAPs applied to textiles are 
not hydrolyzed when heated in water at 50 degree C at pH 4, 7 and 9 for one year. Based on these facts the following 
Working hypothesis was established: 1) High MW FBAPs will not be cleaved hydrolytically in a 28d Test on Inherent 
Biodegradability (Zahn-Wellens Test, OECD 302B). As Hydrolase enzymes are polar an enzymatic ester cleavage is 
also not likely as the perþuoro moiety will effectively prevent enzyme docking at the ester function. This is related 
to observed and desired effects on water, oil and stain repellency and 2) If the Clariant FBAP is tested for Inherent 
Biodegradability in a laboratory test any formation of transformation products should be attributable to the residuals 
(low molecular starting materials) only whereas the polymer itself will not be transformed. The Clariant FBAP tested 
has to > 99.9% the 8-2 OH bound as ester in the polymer and << 0.1% is low MW residuals.

The 28d Zahn-Wellens Test was carried out in a Sturm test setting to allow trapping of volatiles in a reversed 
phase air cartridge as well. Great care was taken to develop speciýc analytical methods for the analytes 8-2 OH, 8-
2 Acrylate, 8-2 COOH, 8-2 U COOH and 8 COOH in air and sludge matrix. Sampling 8-2 OH and 8-2 Acrylate in 
sludge was carried out by SPME, whereas in the air cartridge methanol was used for extraction. Analysis itself was 
done by GC MS (8-2 OH: SLUDGE LOQ 10µg/L, LOD 3.3 µg/L, AIR LOQ 1µg/trap, LOD 0.3 µg/trap; 8-2 Acrylate: 
SLUDGE LOQ 5Õg/L, LOD 1.7 Õg/L, AIR: LOQ 1Õg/trap, LOD 0.3 Õg/trap) . The acids were extracted using 
acetonitrile and analyzed using LC MS/MS (8xx acids: SLUDGE LOQ 3 µg/L, LOD 1 µg/L, AIR LOQ 0.2 µg/trap, 
LOD 0.07 µg/trap).

A detailed and rigorous sampling and analysis scheme was applied to the test (multiple samplings and analysis 
per time point). The statistical evaluation of the test results supports the working hypothesis given above which means 
that the amount of 8xx Acids formed after 28d can be explained by the amount of residuals in the test substance. Ester 
cleavage of the FBAP was not observed under the test conditions using the analytical methods described above.

ENV004 Koch



The atmospheric chemistry of per�uorinated aldehyde hydrates: A source of per�uorinated 
carboxylic acids

Mads P. Sulbaek Andersen1, O. J. Nielsen1, A. Toft2, D.A. Ellis3, J.W. Martin3, S.A. Mabury3, Mike Hurley4, J.C. Ball4 and T. J. 
Wallington4 

1 University of Copenhagen, Department of Chemistry, DK-2100 Copenhagen Ø, Denmark
2 University of Southern Denmark, Department of Chemistry,DK-5230 Odense, Denmark
3 University of Toronto, Department of Chemistry Toronto, Ontario, Canada M5S 3H6
4 Ford Motor Company, Dearborn, MI, 48121-2053, USA

Perþuorinated aldehydes, C
x
F

2x+1
CHO, are formed during the atmospheric oxidation of HFCs, HCFCs, þuorinated 

alcohols and þuorotelomer alcohols (FTOHs). Atmospheric oxidation of perþuorinated aldehydes has previously 
been investigated by this group and offers a possible route to the formation of perþuorinated carboxylic acids (PFCAs). 
It is also well established that C

x
F

2x+1
CHO can form stable hydrates of the formula C

x
F

2x+1
CH(OH)

2
:

C
x
F

2x+1
CHO 

(g)
 +H

2
O 

(l)
  ]

^  C
x
F

2x+1
CH(OH)

2 (l)
 ]

^  C
x
F

2x+1
CH(OH)

2 (g)

Smog chamber/FTIR techniques were used to study the Cl atom and OH radical initiated oxidation of perþuorinated 
aldehyde hydrates, C

x
F

2x+1
CH(OH)

2 
(x=1,3,4) in 700 Torr of Air/N

2
/O

2
 diluent. It was established that reaction of the 

hydrate with OH radicals gives C
x
F

2x+1
C(•)(OH)

2
 radical which reacts with O

2
 to give C

x
F

2x+1
COOH (and HO

2
) in100% 

molar yield. 
Rate constants of k(C

x
F

2x+1
CH(OH)

2 
+Cl

 
) = (5.92 Ñ 0.88) x 10-13 and k(C

x
F

2x+1
CH(OH)

2 
+OH

 
)= (1.26 Ñ 0.16) 

x 10-13 cm3 molecule-1 s-1 were also determined and the IR spectra of  C
x
F

2x+1
CH(OH)

2 
(x=1,3,4) were recorded.To 

investigate the rate of hydration of perþuorinated aldehydes, gas phase triþuoroacetaldehyde, CF
3
CHO, was bubbled 

though liquid water and introduced to the smog chamber. During a period of 2 hours the aldehyde showed a 35% 
conversion to gas phase hydrate through the addition of water. Experimental evidence (infrared and NMR spectroscopy) 
suggests that the process of hydrate formation occurs via a multi-step heterogeneous mechanism involving a) uptake 
of the aldehyde on the water surface, b) chemical formation of the hydrate and c) signiýcant evaporation to the gas 
phase.The results are discussed with regard to the potential for the atmospheric degradation of perþuorinated aldehyde 
hydrates to contribute to the observed environmental burden of PFCAs.
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Potential role of sediments in determining per�uorochemical surfactant fate

Christopher P. Higgins,1 Nicholas Handler,2 Alexandria Boehm,1 Adina Paytan,2 Jennifer A. Field,3 Craig S. Criddle,1 and 
Richard G. Luthy1

1 Department of Civil & Environmental Engineering, Stanford University, Stanford, CA 94305
2 Department of Geological & Environmental Sciences, Stanford University, Stanford, CA 94305
3 Department of Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR 97331

While perþuorochemicals (PFCs) have been detected in many different environmental media such as air, 
water, and biota, data on the presence of PFCs in sediments are scarce.  Quantifying PFCs in sediments 

may provide insight into their sources, distribution, and mobility in the environment.  However, a major limitation 
to obtaining sediment data has been the lack of a sufýciently sensitive and accurate analytical method that accounts 
for the matrix effects typically observed in complex environmental media.  Furthermore, while sorption of PFC 
surfactants onto sediments has been suspected, it remains unclear whether the organic-carbon partitioning paradigm 
for hydrophobic organic contaminants is applicable to PFC surfactants. To investigate the potential role of sediments 
in determining the environmental fate of PFC surfactants, a novel analytical method was developed that is capable 
of detecting PFCs at the sub-ng/g level in urban sediments.  The method includes hot methanol extraction of the 
analytes from the sediment, a reversed phase solid phase extraction (SPE) clean-up procedure, and analysis via 
liquid chromatography tandem mass spectrometry.  Once validated, the method was then applied to sediments 
collected from various locations in the San Francisco Bay Area.  Aqueous concentrations of nutrients such as 
ammonium and ortho-phosphate, as well as the Ö15 N of particulate organic matter were also measured at these 
sites.  Lastly, batch sorption isotherm experiments were conducted using gamma-irradiated sediments with varying 
geochemical compositions and anionic PFC surfactants of varying chain length.

Data from the survey of San Francisco Bay Area sediments suggests widespread occurrence of PFCs at the 
low ng/g to sub-ng/g level.  Furthermore, substances that may be transformed to perþuorooctanesulfonate (PFOS), such 
as 2-(N-ethylperþuorooctanesulfonamido) acetic acid (N-EtFOSAA) are present in sediments at levels comparable to 

PFOS.  Strong correlations were found between × PFOS levels (sum of PFOS and all quantiýed PFOS precursors) 
and other indicators of sewage pollution such as Ö15 N, ortho-phosphate and ammonium (R2 values of 0.67, 0.90, 
and 0.87, respectively), suggesting sewage may be a source of PFCs such as PFOS in urban sediments.  For the 
batch sorption studies, perþuorocarbon chain length was the dominant structural feature inþuencing sorption, with 
signiýcant sorption only occurring for PFCs with chain lengths of eight or greater (i.e., PFOS and perþuorononanoate, 
PFNA). N-EtFOSAA exhibited substantially stronger sorption than PFOS, suggesting that differences in the relative 
abundances of PFOS and these analytes in aqueous systems when compared to sediments may be due to differences in 
sediment-water partition coefýcients.  These interactions are the subject of continuing studies.
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Solubility and sorption of 8:2 �uorotelomer alcohol by surface soils

Jinxia Liu and Linda S. Lee

Department of Agronomy, Purdue University, West Lafayette, IN, USA 47907-2054, Phone: 765.496.2821, Fax: 765.494.2926, 

E-mail: liujx@purdue.edu

Fluorotelomer alcohols are widely used as raw intermediates in the synthesis of þuorinated polymers and surfactants, 
which serve as surface modiýers and protective chemicals. These polymers and surfactants are suspected to 

contain or degrade into þuorotelomer alcohols, and subsequently into perþuorinated acids, thus contributing to the 
global contamination by alky perþuorinated acids. Quantifying sorption and elucidating the sorption mechanisms of 
þuorotelomer alcohols in soils are important towards understanding the fate of these alcohols and related polymers 
particularly in landýlls where products such as polymer-coated carpets and paper utensils are disposed. 
	 The 8:2 þuorotelomer alcohol (CF

3
-(CF

2
)

7
-(CH

2
)

2
-OH), one of the conýrmed precursors of perþuorooctanoic 

acid and the most abundant species among þuorotelomer alcohols of various carbon chain lengths, was selected 
as the probe compound. Sorption from aqueous solutions by ýve soils representing a wide range of properties was 
determined directly and estimated by extrapolation from data measured in acetone/water solutions using a log-linear 
cosolvency model. The log-linear cosolvency model assumes a log-linear relationship between solubility or sorption 
and volume fraction cosolvent (f

c
). The use of cosolvents minimizes volatilization losses, degradation, sorption to 

glassware, and effects of dissolved organic carbon (DOC), which can bias direct aqueous measurements. LC-ESI-
MS/MS was employed to directly analyze the 8:2 þuorotelomer alcohol in soil solutions and soil extracts.
	 Sorption isotherms of 8:2 þuorotelomer alcohols with all ýve surface soils were generally linear regardless 
of f

c
 or soil organic carbon (OC) content.  Aqueous sorption coefýcients extrapolated from data measured in acetone/

water solutions were in good agreement but consistently higher than those measured in aqueous solutions. Sorption 
appeared to be primarily driven by hydrophobic partitioning with a log K

oc
 value (OC-normalized soil-water distribution 

coefýcient, L/kg OC) of 4.13 E 0.16. Sorption by a high clay soil was relatively small suggesting that hydrogen 
bonding and electron donor/acceptor interactions do not play signiýcant role in the sorption process.
	 Experimental variables such as temperature, soil:water ratio and equilibration time were further studied. 
Sorption of 8:2 þuorotelomer alcohol was exothermic, similar to many hydrophobic compounds, as indicated by a 
60% increase in sorption when temperature was decreased from 22 ÜC to 4 ÜC.  Sorption measured from a 1:1 soil:
water slurry was ýve times smaller than that determined at a 1:40 soil:water ratio.  Differences in sorption was 
hypothesized to be due association of the 8:2 þuorotelomer alcohol with DOC. DOC concentrations were 12 and 273 
mg/L for the 1:1 and 1:40 soil:water ratios, respectively, which yielded a DOC binding constant of R 104 L/kg DOC, 
similar to the estimated K

oc
.  Increasing equilibration time from 3 h to 72 h reduced soil extraction efýciency from 

85% to 45% for the high OC soil even when including a NaOH-acetonitrile extraction step suggesting that there is 
a time-dependent irreversible sorption mechanism related to soil OC.  Sorption coefýcients comparable to a 3-ring 
polyaromatic hydrocarbon, irreversible sorption, and the potential for DOC-facilitated transport given the elevated 
DOC levels common to landýlls are important processes to consider in assessing the likely environmental fate of 
þuorotelomer alcohols.

ENV007 Liu



Evaluation of the environmental fate and exposure for per�uorinated telomer B alcohols

Jörg Klasmeier and Michael Matthies

University of Osnabrück, Osnabrück, Germany 

Substance speciýc information to describe environmental partitioning and degradation behavior of four perþuorinated 
Telomer B alcohols (TBA) were collected and adapted for use with two steady-state multimedia fate models, 

namely SimpleBox2.0 and ELPOS1.0.  The compounds’ peculiar sorption behavior to environmental media was 
explicitly considered by using empirical correlations of substance properties with sorption constants from existing 
linear free energy relationships (LFER) and actual measurements of surface adsorption constants.  Model simulations 
suggest that atmospheric deposition is not signiýcantly affected by adsorption onto rain droplets or aerosol particles.  
On the other hand, total distribution constants for partitioning into soil and sediment are much higher than predicted 
by estimated K

oc
-values, especially for the 8:2-TBA and 10:2-TBA congeners.  With the best available data set the 

steady-state mass distribution calculated with SimpleBox shifts from 80% in air (for 4:2-TBA) to approximately 80% 
in soil (for 10:2-TBA).  

Predicted regional environmental concentrations for Germany were simulated based on a realistic release 
scenario for textile application of perþuorinated polyacrylates containing residual perþuorinated Telomer B alcohols.  
The actual emission scenario was derived from measurements in a pilot textile mill under real application conditions.  
Surface water concentrations were below 1 pg/l for all four congeners and air concentrations ranged from 0.2 pg/m³ 
(4:2-TBA) to 15 ï 20 pg/mĪ (8:2-TBA).  The latter is assumed to account for approximately 55% of total Telomer B 
alcohol emissions.  Soil and sediment concentrations were shown to be highly dependent on the model assumptions 
with regard to the use of sewage sludge as agricultural fertilizer.  The larger congeners tend to strongly partition to the 
sludge leading to higher concentrations in soil.  A worst-case scenario assuming 100% transfer of sewage sludge to 
agricultural soil resulted in concentrations of 1.1-1.5 ng/kg in the soil for the 8:2 and 10:2-TBA congeners.  

Characteristic travel distances in air (CTD) calculated with ELPOS were in the range of 2000ï 4000 km, which 
suggests moderate long-range transport potential (LRTP) in the atmosphere.  The CTDs for the perþuorinated Telomer 
B alcohols are close to the boundary range recently suggested for the LRTP classiýcation of organic substances.  Due 
to the limited knowledge about the environmental degradation behavior of the compounds, there is considerable 
uncertainty with the assumed half-lives in the environment.  Atmospheric OH radical reactions seem to be the major 
removal pathway in the environment with an estimated half-life of 6ï 14 days for all congeners depending on the 
actual OH radical concentration.  Calculated overall persistence (Pov) increases with carbon number from 15 days 
(4:2-TBA) to half a year (10:2-TBA) as a consequence of the enhanced partitioning into soil and sediment, where the 
Telomer B alcohols are fairly persistent. 
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Determining the fate of �uorotelomer alcohol and PFOA in the textile �nishing process

Robert C. Buck1, M. A. Kaiser2,  W. Knaup3, W. Bose3, T. Schafer4, B. Thoma4

1 DuPont Chemical Solutions Enterprise, Wilmington, Delaware, USA
2 DuPont Corporate Center for Analytical Sciences Wilmington, Delaware, USA
3 Clariant GmbH, Burkirchen, Germany 
4 Envirotex GmbH, Augsburg, Germany

Fluorotelomer-based acrylic polymer products are manufactured in batch processes from þuorotelomer alcohol raw 
materials such as 8-2 þuorotelomer alcohol (8-2 FTOH).  While proceeding in high yields (>99%), small amounts, 

e.g. tenths of a percent, of unreacted raw materials remain.  In addition, perþuorooctanoic acid may be present at 
trace levels in þuorotelomer-based products as an unintended reaction by-product.  As part of an overall program to 
better understand the environmental fate of residual unreacted þuorotelomer alcohol and PFOA that may be present 
in products, a study was conducted to determine their disposition in textile ýnishing.  Fluorotelomer-based polymeric 
products are aqueous dispersions which are diluted in water then applied via a foulard to fabrics followed by drying 
whereby the polymer is afýxed to the treated fabric providing oil and water repellency and stain resistance.  The 
study sought to achieve mass balance for 8-2 FTOH and PFOA through the textile ýnishing process using a standard 
textile ýnishing pilot plant facility which fully replicates industrial practice and is outýtted for sampling to capture 
and quantify air emissions through the dryer exhaust.  How the study was conducted and the results of the study are 
the subject of this paper.

Two þuorotelomer-based acrylic polymeric products were prepared according to published literature 
procedures with 8-2 FTOH and PFOA added.  The two test materials contained approximately 1,000 and 10,000 ppm 
8-2 FTOH respectively and both approximately 15ppm PFOA.  These levels are higher than what would be expected in 
commercial products yet served to allow for determinations well above limits of quantitation thereby facilitating mass 
balance throughout the process.  Polyester fabric was treated and processed at a dryer temperature of 190°C.  Samples 
of the application bath solution, wet fabric and dry fabric were taken as well as samples of exhaust air in a charcoal 
air sampling tube.  Overall mass balance was achieved within experimental error.  All 8-2 FTOH was accounted for in 
analyses of the air samples.  The majority (>95%) of the PFOA was also accounted for in analyses of the air samples.  
C

7
F

15
H, a degradation product of PFOA, was observed and quantiýed in the air samples.  No formation of additional 

8-2 FTOH or PFOA through the textile ýnishing process was observed.

ENV009 Buck



Sources of per�uorocarboxylic acids in the environment

Stephen H. Korzeniowski 1, Robert C. Buck 1, Ian T. Cousins 2, and Costas Prevedouros 2

1 DuPont Chemical Solutions Enterprise, Wilmington, DE, USA
2 Stockholm University, Institute of Applied Environmental Research (ITM) Stockholm, Sweden

Perþuorinated carboxylic acids (PFCAs) have been identiýed as an emerging class of persistent environmental 
contaminants.  Perþuorosulfonates (e.g. PFOS) and their potential precursors have been reported generally in 

the largest amounts as well as the widest presence throughout the global environment.  Perþuorocarboxylic acids 
have also been found in a wide array of environmental samples ranging from water to biota.   PFCAs of carbon chain 
lengths from four to ýfteen and varying chemical structure (e.g. branched and unbranched) have been identiýed in 
environmental samples.  PFCAs are generally considered to be persistent substances and potentially bioaccumulative 
for chain lengths >C9.  The sources of PFCAs in the environment are neither well understood nor well documented.  
This paper will describe direct sources of PFCAs produced as industrial chemicals as well as indirect sources arising 
from transformation of potential precursor substances such as þuorotelomer alcohols and oleýns. Direct emission 
sources include the manufacture of Ammonium Perþuorooctanote (APFO) and Ammonium Perþuorononanoate 
(APFN), Fluoropolymer manufacture from the 1950ôs, Fluoropolymer Dispersion manufacture from the 1950ôs, and 
Consumer and Industrial products that directly used PFCAs in their formulation.  Indirect sources include the PFCA 
impurities in the POSF-based products, AFFF formulations, and potential POSF chemicals degradation products as 
well as the PFCA impurities in Fluorotelomer-based products, AFFF agents, and the potential degradation of PFCA 
precursors.   The chain-length composition, release sources, historical and current amounts, and routes of entry to 
the environment will be discussed. The presentation will detail the sources of the historical breakdown of the several 
thousand metric tones of PFCAs released to the environment, most notably APFO and APFN.  Additionally, it has 
been calculated that the global emissions of APFO/PFOA in 2000 alone were on the order of 225 metric tones (MT) 
to air, water, and land dominated by direct sources.  The paper will also describe the many proactive measures taken 
by producers to reduce environmental releases of PFCAs and þuorotelomers.  Programs will be reviewed and data 
presented to show that the various industries will have reduced APFO/PFOA global emissions by over 75% in 2006 
from 225 to approximately 50 MT.
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8-2 Fluorotelomer alcohol microbial biotransformation pathways.  Time for a paradigm shift?

Ning Wang1, B. Szostek2, R. C. Buck.3, P. W. Folsom1, L. M. Sulecki1, C. R. Powley2, and W. R.Berti1

1 DuPont Central Research and Development, Newark, Delaware, USA
2 DuPont Haskell Laboratory, Newark, Delaware, USA
3 DuPont Chemical Solutions Enterprise,  Wilmington, Delaware, USA

8-2 Fluorotelomer Alcohol [CF
3
(CF

2
)

7
CH

2
CH

2
OH; 8-2 FTOH ] is a principal raw material used to manufacture 

þuorotelomer-based products.  If a þuorotelomer-based product were biodegradable in the environment, the 8-2 
FTOH would be an expected initial degradation product, which may be transformed in the environment.  Understanding 
of 8-2 FTOH biotransformation pathways is critical to be able to determine the environmental fate of þuorotelomer-
based products.  We have investigated the biotransformation of [3-14C] 8-2 FTOH [CF

3
(CF

2
)

6
14CF

2
CH

2
CH

2
OH] in soil, 

activated sludge, sediment, and mixed bacterial culture over a period up to 7-months.  Numerous novel transformation 
products have been identiýed that indicate transformation pathways.  Multiple þuorinated carbons have been 
transformed in all cases as indicated by signiýcant formation of perþuorohexanoic acid (PFHA).

120-130mL volume sealed glass bottles were used for the studies. The test substance (in ethanol stock solution) 
was added at 0.2 – 1.0 mg L-1.  An elevated 8-2 FTOH concentration (~20 mg kg-1 soil) was also included to facilitate 
metabolite identiýcation.  Sealed bottles were incubated at room temperature.  The headspace 14C-volatiles were 
monitored over time and the sample bottles were extracted periodically with an organic solvent such as acetontrile to 
recover the parent compound and transformation products.  After extraction, the acetonitrile-extracted solution was 
used to separate and quantify the 14C-labeled 8-2 TBA parent and 14C-labeled transformation products by LC/ARC (on-
line liquid chromatography/accurate radioisotope counting).  The 14C-labeled transformation products were identiýed 
by Q-TOF-MS. We found that the 8-2 FTOH can be strongly adsorbed to activated sludge and soil and subsequently 
transformed to non-volatile þuorinated acids, signiýcantly reducing any potential air emission of 8-2 FTOH.  PFOA 
[CF

3
(CF

2
)

6
14COOH], 7-3 acid (CF

3
(CF

2
)

6
14CH

2
CH

2
COOH), and a þuorinated acid (MW < 416 and eluted before 14C-

PFOA by LC/ARC) are three stable metabolites observed.  The 8-2 þuorotelomer aldehyde [CF
3
(CF

2
)

6
14CF

2
CH

2
CHO] 

was observed in small quantity (~1%) in all studies.   No perþuorononanoic acid (PFNA) is formed, indicating |-
oxidation does not take place.  8-2 acid [CF

3
(CF

2
)

6
14CF

2
CH

2
COOH], 8-2 u acid [CF

3
(CF

2
)

5
CF=14CFCH

2
COOH] 

both are converted to other metabolites after day 28 in soil and activated sludge.  Over 12% of 14CO
2
 was detected 

in the headspace of the bottles containing activated sludge medium and over 2% of PFHA [CF
3
(CF

2
)

4
COOH] was 

observed in soil samples.  The formation of þuoride ion in mixed bacteria culture represents  >10% equivalent of 
8-2 FTOH total mineralization.  These results suggest that alternative metabolic pathways are available to degrade 
8-2 FTOH beyond PFOA, forming metabolites less than 8-carbons long.  In addirion, decarboxylation of 14C-PFOA 
[CF

3
(CF

2
)

6
14COOH; 99.7% radiochemical purity] by activated sludge was also observed at a very slow rate (~0.5% 

over 63 days), suggesting that: 1) PFOA may be degraded very slowly by microorganisms and such degradation won’t 
be detected by conventional LC/MS/MS analysis; and 2) the majority of PFHA observed did not originate from PFOA, 
rather from 8-2 u acid, 7-3 u acid, and/or 7-3 acid via still yet unknown mechanisms.
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A mechanistic study of hydrogen bonding in �uorotelomer alcohol liquids

AndrØ van Roon and Pim de Voogt

Earth Surface Processes and Materials, Institute for Biodiversity and Ecosystem Dynamics, University of Amsterdam, The 
Netherlands

Intramolecular hydrogen (H-) bonding has been proposed as an explanation for the relatively high vapour pressures 
(P) of þuorotelomer alcohols (FTOHs) [1, and references therein]. Other researchers have used both experimental 

and computational methods to illustrate that intramolecular H-bonding is not signiýcant and that the published high P 
values overestimate the actual P [2]. 

The discussion on FTOH Ps would beneýt from further computational work. The aim of this computational 
study was to obtain mechanistic insight into H-bonding in FTOH liquids by molecular mechanics force ýeld (FF) 
simulations.The compounds included are n-alcohols (C6, 7, 8 and 10), and X:1 (X = 6, 7, 8 or 9) and X:2 (X = 4, 6 or 
8) FTOHs. [For example, 6:1 FTOH and 6:2 FTOH consists of a methanoic moiety and ethanoic moiety, respectively, 
connected to a perþuorinated hexane tail.] The n-alcohols and X:1 FTOHs were included because they are structurally 
similar to the X:2 FTOHs but cannot (n-alcohols) or are less likely (X:1 FTOHs) to form intramolecular H-bonds.
Liquids of the compounds were constructed by ýlling (periodic) boxes with an appropriate number of molecules. 
The AMBER FF [3] with additional parameters from [4] was used. The liquids were subjected to 500 ps molecular 
dynamics (MD) simulations. ��������������������������������������������������        For an intramolecular H-bond to be present the O-C -C -C torsional angle should be in 
the gauche conformation and the hydroxylic proton directed to the þuorine atoms. During the simulation these angles 

and distances were monitored.
The structural data obtained from the simulations are summarized in Table 1. Although n-alcohols cannot 

form intramolecular H-bonds, the gauche conformation is observed more frequently in the n-alcohol liquid simulations 
than in the FTOH liquid simulations. For the gauche conformations, the average distances for the n-alcohols and 
FTOHs are not signiýcantly different. The simulation results suggest that intramolecular H-bonding is not signiýcant 
in FTOH liquids. Therefore we conclude that intramolecular H-bonding cannot explain the relatively high P values of 
FTOHs. The current results will be improved by calibrating the FF using experimental heats of vapourization and by 
ýne tuning the criteria for H-bonding.

References [1] Van Roon, A., De Voogt, P. ó��������������������������������������������������������������������������������������           Vapour pressures of þuorotelomer alcoholsô Poster at Fluoros 2005. ������������������  [2] Krusic, P.J., 
Marchione, A.A., Davidson, F., Kaiser, M.A., Kao, C-P. C., Richardson, R.E., Botelho, M., Waterland, R.L., Buck, R.C. Paper 
accepted in J. Phys. Chem.. [3] Cornell, W.D. et al. (1995) J. Am. Chem. Soc. 117, 5179-5197. [4] Watkins, E.K. Jorgensen, W.L. 
(2001) J. Phys. Chem. A. 105, 4118-4125.
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Vapour pressures of �uorotelomer alcohols

AndrØ van Roon and Pim de Voogt

Earth Surface Processes and Materials, Institute for Biodiversity and Ecosystem Dynamics, University of Amsterdam, The 
Netherlands

The presence of perþuorocarboxylates in remote areas has been explained partly by the atmospheric transport 
and oxidation of þuorotelomer alcohols (FTOHs). The vapour pressure (P) is a key parameter for atmospheric 

transport of chemicals. The P values reported for the FTOHs differ by two orders of magnitude [2-4]. The higher 
P values have been explained by the presence of an intramolecular hydrogen (H-) bond in FTOH liquids. Other 
researchers have used both experimental and computational methods to illustrate that intramolecular H-bonding is not 
signiýcant and that the higher P values published overestimate the actual P [4].

The discussion on FTOH Ps would beneýt from further experimental work. The aim of this experimental study 
was to measure P values for FTOHs and related compounds using a method (GC-VAP [1]) based on gas chromatography 
(GC), still different from the methods used by others. The GC-VAP method has been applied successfully to several 
classes of compounds, including volatile and polar ones [1, and references therein].

The compounds included are X:1 (X = 6, 7, 8 or 9) and X:2 (X = 4, 6 or 8) FTOHs. [For example, 6:1 FTOH 
and 6:2 FTOH consist of a methanoic moiety and ethanoic moiety, respectively, connected to a perþuorinated hexane 
tail.] The X:1 FTOHs were included because they are structurally similar to the X:2 FTOHs but cannot form the same 
intramolecular H-bond. The GC-VAP method is based on the equilibrium fugacity model and the use of n-alkanes as 
reference compounds. In addition to n-alkanes, we have used n-alcohols as reference compounds because they are 

structurally similar to the FTOHs.
GC-VAP and literature P values are summarised in Table 1. The GC-VAP P values of the X:2 FTOH are at 

the lower range of the reported P values. The P values for 6:2 and 8:2 FTOH are similar to the P values for 7:1 and 
9:1 FTOH, respectively. Because intramolecular H-bonding is probably less favourable in X:1 FTOHs, these results 
indicate that intramolecular H-bonding does not signiýcantly affect P for X:2 FTOHs.  It should be emphasised that, 
although the GC-VAP P values are at the lower range of reported P values, these values are still relatively high and do 
not exclude long range atmospheric transport of FTOHs as an important fate process.

The results of GC based methods for P depend on the choice of reference compounds. The current results will 
be improved by using perþuorinated n-alkanes as reference compounds (in addition to n-alkanes and n-alcohols). In 
addition, perþuorinated oleýnes will be included in the study.
References [1] van Roon, A., Parsons, J.R., Govers, H.A.J. (2002) J. Chrom. A. 955, 105-115. [2] Lei, Y.D., Wania, F., Mathers, 
D., Mabury, S.A. (2004) J. Chem. Eng. Data 49, 1013-1022.  [3] Stock, N.L., Ellis, D.A., Deleebeeck, L., Muir, D.C.G., Mabury, 
S.A. (2004) Env. Sci. Technol. 38, 1693-1699. [4] Krusic, P.J., Marchione, A.A., Davidson, F., Kaiser, M.A., Kao, C-P. C., 
Richardson, R.E., Botelho, M., Waterland, R.L., Buck, R.C. Paper accepted in J. Phys. Chem..

ENV013 van Roon 



Behavior of �uorochemicals during wastewater treatment

Melissa M. Schultz1,�, Christopher P. Higgins2, Richard G. Luthy2, Douglas F. Barofsky1, and Jennifer A. Field1,3,*

1 Department of Chemistry, Oregon State University, Corvallis, OR 97331
2 Department of Civil and Environmental Engineering, Stanford University, Stanford, CA 94305
3 Department of Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR 97331
� Author�s current address: Methods Research & Development, National Water Quality Laboratory, U.S. Geological Survey, 
Denver, CO 80225
* Corresponding author, phone 541/737-2265, FAX 541/737-0497; jennifer.�eld@oregonstate.edu

Fluorochemicals have widespread applications, and as a result of extensive consumer use, þuorochemicals may be 
released to municipal wastewater treatment plants via domestic wastewater.  Wastewater efþuent is a potential 

environmental point source of þuorochemicals.  A high-volume-injection liquid chromatography with electrospray 
ionization tandem mass spectrometry (LC ESI-MS/MS) quantitative method was developed for the determination of 
trace levels of þuorochemicals in municipal wastewater inþuents and efþuents.  Recoveries from ýeld spiked standard 
addition experiments ranged from 77.0% - 95.1% (Ñ 2.4%) and 85.3% - 95.5% (Ñ 2.3%) in the raw inþuent and ýnal 
efþuent, respectively.  The limit of quantitation for the þuorinated alkyl substances was 0.5 ng/L.  The method was 
applied to 24 h composites of raw inþuent and ýnal efþuent samples collected from 10 wastewater treatment plants 
(WWTPs) nationwide.   Fluorochemicals were observed in wastewater at all treatment plants sampled, and each 
plant exhibited a unique ýngerprint of þuorochemicals, despite similar treatment processes.  In 9 out of the 10 plants 
sampled, at least one class of þuorochemicals exhibited increased concentrations in the efþuent as compared to the 
inþuent concentrations.  Detection of these analytes in ýnal efþuents at the ng/L level indicates that treated wastewater 
is a point source of þuorochemicals.  

To better understand the behavior of þuorochemicals through a wastewater treatment plant, a ýeld study was 
conducted at a full-scale municipal wastewater treatment plant to determine the mass þows of selected perþuoroalkyl 
sulfonates, perþuoroalkyl carboxylates, þuorotelomer sulfonates, and perþuoroalkyl sulfonamides in wastewater 
and sludge.  Samples of wastewater (raw inþuent, primary efþuent, trickling ýlter efþuent, secondary efþuent, and 
ýnal efþuent) and sludge (primary, thickened, activated, anaerobically digested, and storage lagoon) were collected 
over a duration of 10 days and were analyzed by LC ESI-MS/MS.  Both removals and increases of þuorochemical 
concentrations in wastewater treatment plants were observed.  Perþuoroalkyl sulfonates were found to increase 
signiýcantly (~200%) in the plant mass balance (30 days).  Fluoroalkyl sulfonamide acetic acids were also found 
to increase by at least 300% throughout the sludge treatment process with a residence time of a year.  In this study, 
perþuoroalkyl carboxylates were overall removed by the wastewater treatment plant.  When the assumption is made 
that the monitored plant is representative of wastewater treatment plants nationwide, þuorochemicals are discharged 
in wastewater efþuents at a rate of 3180 kg/year and are introduced to terrestrial environments via biosolids at a rate of 
7080 kg/year.  If this assumption is valid, wastewater treatment plants are point sources of þuorochemicals and cannot 
be overlooked when determining origins and fate of þuorochemicals in the environment.
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Microbial transformation of N-Ethyl-N-(2-Hydroxyethyl)Per�uorooctanesulfonamide

Kurt R. Rhoads, Q. Shiang Fu, Christopher P. Higgins, Richard G. Luthy, Craig S. Criddle

Environmental Engineering and Science, Department of Civil and Environmental Engineering, Stanford University, Stanford, CA 
94305-4020

Phosphate esters of N-Ethyl-N-(2-hydroxyethyl)perþuorooctanesulfonamide (N-EtFOSE) have been used in oil- and 
water-repellent coatings for paper and packaging products [1].  Hydrolysis of these phosphate esters presumably 

yields N-EtFOSE, which likely ends up in wastewater treatment plants and landýlls.  A study by Lange[2] indicated 
that N-EtFOSE is degraded in the presence of aerobic activated sludge to products including perþuorooctanesulfonate 
(PFOS).  PFOS causes liver damage in monkeys and has been found in marine mammals and human blood [3,4,5].  
The goal of this study was to determine the microbial degradation pathway and product distribution of N-EtFOSE in 
conditions approximating a wastewater treatment plant.  The identiýcation of N-EtFOSE metabolites may partially 
explain their occurrence in the environment.

N-EtFOSE was incubated in sealed serum vials with dilute activated sludge (~600 mg/L VSS) at 30ÜC along 
with abiotic and autoclaved sludge controls.  To gain further understanding degradation pathway, several detected 
metabolites were later incubated in the same fashion as N-EtFOSE.  All samples were processed using solid phase 
extraction and analyzed by liquid chromatography with tandem electrospray mass spectrometry (LC/MS/MS).

N-EtFOSE was degraded to 34% of its initial concentration after 28 days in active cultures.  Of the initial 
N-EtFOSE added, 63% can be accounted for in unreacted parent compound and products at the termination of the 
experiment.  The major products detected were 2-(N-ethylperþuorooctanesulfonamido) acetic acid (N-EtFOSAA) and 
perþuorooctanesulýnate (PFOSI), which account for 60% and 15% of the metabolites, respectively.  The proposed 
end product, PFOS, accounted for 7% of the metabolites at 28 days.  Another potential end product, perþuorooctanoic 
acid (PFOA), accounted for 2% of the metabolites.  PFOS and PFOA have both been shown to be stable in microbial 
cultures [6, 7].  The other detected metabolites (and relative amounts at 28 days) were perþuooctanesulfonamidoacetate 
(FOSAA, 9%), perþuorooctanesulfonamide (FOSA, 3%), and N-Ethylperþuorooctanesulfonamide (N-EtFOSA, 4%).  

The incubation of N-EtFOSA in separate experiments yielded the formation of FOSA, indicating possible 
oxygenase activity followed by loss of a two-carbon unit either as ethylene glycol or acetate.  The incubation of FOSA 
yielded the deaminated product PFOSI, a reaction likely mediated by an amonialyase.

We propose a pathway for the aerobic biotransformation of N-EtFOSE involving initial oxidation to N-EtFOSAA.  
N-EtFOSA is formed by hydrolysis of N-EtFOSE or N-EtFOSAA.  Further oxidation of N-EtFOSA yields FOSAA, 
which can hydrolyze to FOSA.  The stable aerobic end products of N-EtFOSE transformation are PFOS and PFOA.

References: [1] Kissa, E. Fluorinated Surfactants and Repellents; 2nd ed.; Marcel Dekker: New York, 2001. [2]Lange, C.C. 3M Environmental Laboratory.  The Aerobic 
Biodegradation of N-EtFOSE Alcohol by the Microbial Activity Present in Municipal Wastewater Treatment Sludge.  Report CA058; U.S. Environmental Protection 
Agency Docket AR 226-1030a078, 2000. [3]Seacat, A.M.; Thomford, P.J.; Hansen, K.J.; Olsen, G.W.; Case, M.T. and Butenhoff, J.L.  Subchronic Toxicity Studies on 
Perþuorooctanesulfonate Potassium Salt in Cynomolgus Monkeys.  Toxicol. Sci. 2002, 68, 249-264. [4]Martin, J.W.; Smithwick, M.M.; Braune, B.M.; Hoekstra, PF.; Muir, 
D.C.G.; and Mabury, S.A.  Identiýcation of Long-Chain Perþuorinated Acids in Biota from the Canadian Arctic.  Environ. Sci. Technol. 2004, 38, 373-380. ����������������  [5] Kannan, K.; 
Corsolini, S.; Falandysz, J.; Fillmann, G.; Kumar, K.S.; Loganathan, B.G.; Mohd, M.A.; Olivero, J.; van Wouwe, N.; Yang, J.H.; and Aldous, K.M.  Perþuorooctanesulfonate 
and Related Fluorochemicals in Human Blood from Several Countries. Environ. Sci. Technol. 2004, 38, 4489-4495. [6]Key, B.D.; Howell, R.D.; and Criddle, C.S.  
Deþuorination of Organoþuorine Sulfur Compounds by Pseudomonas Sp. Strain D2.  Environ. Sci. Technol. 1998, 32, 2283-2287. [7]Dinglasan, M.J.A.; Ye, Y.; Edwards, 
E.A., and Mabury, S.A.  Fluorotelomer Alcohol Biodegradation Yields Poly-and Perþuorinated Acids.  Environ. Sci. Technol. 2004, 38, 2857-2864.
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Global transport of biogenic and anthropogenic surfactants on marine aerosols

R.  L. Waterland1, J. Gannon1, M. A. Kaiser2, M. A. Botelho2, T. W. Harding3, G. B. Ellison4, V. Vaida4,  A. F. Tuck5 and D. M. 
Murphy5

1 DuPont Central R & D, Wilmington DE, USA
2 DuPont Corporate Center for Analytical Sciences, Wilmington DE, USA
3 DuPont Engineering Technologies, Wilmington DE, USA
4 Department of Chemistry and Biochemistry, University of Colorado, Boulder CO, USA
5 NOAA Aeronomy Laboratory, Boulder CO, USA

Direct mass spectrometric composition measurements of individual aerosol particles show that about 10% of 
the lower tropospheric marine aerosol is organic in nature.  This organic fraction increases with altitude and 

reaches 50% or more in the upper troposphere[1].  Bulk solubility arguments cannot account for such high organic 
compositions.  In addition, Tervahattu et al. have shown that individual aerosol particles from a variety of marine and 
continental sources have organic surface ýlms[2]. Surfactants are expected to concentrate at the water-air interface and 
subsequent wave action can produce marine aerosols enriched with these surfactants.  Ellison et al. [3] have proposed 
an ñinverted micelleò structure for the organic marine aerosol in which a biological surfactant monolayer encapsulates 
an aqueous core.  In this poster, we propose that such inverted micelles may represent an important environmental 
transport pathway for anthropogenic þuorinated surfactants such as perþuorocarboxylic acids over large distances 
on the time scales of synoptic meteorology.  This pathway may contribute to the observed widespread distribution of 
these materials.

References: [1]������������������������������������������������������������������������������������������������������������                  Middlebrook, A. M., D. M. Murphy and D. S. Thomson, J. Geophys. Res., 103, 16475 (1998), [2] Tervahattu, H, 
J. Juhanoja, V. Vaida, A. F. Tuck, J. V. Niemi, K. Kupiainan, M. Kulmala and H. Vehkamaki, J. Geophys. Res., 110, D06207/1 
(2005) and references therein., [3]  Ellison, G. B., A. F. Tuck and V. Vaida, J. Geophys. Res., 104, 11633 (1999)
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Atmospheric lifetime and oxidation products of N-Ethyl per�uorobutylsulfonamide 
(C4F9SO2N(H)CH2CH3)

Jonathan W Martin1*, David A Ellis1, Scott A Mabury1, Michael D Hurley2, and Timothy J Wallington2
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A novel c�������������������������������������   lass of perþuorooctylsulfonamides (C
8
F

17
SO

2
N(R1)(R2)) was previously detected in the atmosphere, and 

we hypothesized that these may serve as ñPFOS precursorsò - which through atmospheric transport and oxidation 
would lead to the deposition of PFOS at remote global locations.  Here we present results of relative rate and product studies 
performed in the Ford Motor Company Smog Chamber with the model compound N-ethyl perþuorobutylsulfonamide 
(NEtFBSA; C

4
F

9
SO

2
N(H)CH

2
CH

3
), but results are discussed by extrapolation to the environmentally relevant species, N-

ethyl perþuorooctylsulfonamide (NEtFOSA; C
8
F

17
SO

2
N(H)CH

2
CH

3
).  Kinetic experiments were analyzed using in situ 

FTIR while product studies were analyzed by both in situ FTIR and off-line LC/MS(/MS). The ýrst-order rate constant for 
reaction of NEtFBSA with chlorine atoms was k

Cl
 = (8.68±1.76)×10-12 cm3 molecule-1 s-1.  However, the fate of NEtFBSA 

in the gas-phase of the troposphere  will be controlled by reaction with OH radical (k
OH

 = (3.74±0.7)×10-13 cm3 molecule-1 

s-1), and by scaling to the empirically observed lifetime of CH
3
CCl

3
, NEtFBSA will have an estimated lifetime of 59 d in the 

atmosphere; thus allowing for substantial long-range atmospheric transport.  
COF

2
 and SO

2  
were the sole products that could be conýrmed in product studies analyzed by FTIR, but these 

two species shared very similar temporal proýles, such that they were formed only in small quantities until the majority 
of NEtFBSA was consumed, followed by a dramatic increase thereafter.  The ñresidual productsò were more persistent 
than NEtFBSA, and secondary reactions, including unzipping of the þuorinated chain to yield COF

2
, proceeded only after 

NEtFBSA was largely consumed.  LC/MS/MS analysis of smog chamber air, collected during the product studies using 
XAD cartridges, identiýed several products distinguishable by their retention times, product ion scans, and/or accurate mass 
determination.  The primary products of chlorine atom initiated oxidation were a ketone: C

4
F

9
SO

2
N(H)COCH

3
, aldehyde 

#1: C
4
F

9
SO

2
N(H)CH

2
CHO, and a product identiýed as C

4
F

9
SO

2
N(C

2
H

5
O)- by high resolution MS – but whose structure 

remains tentative.  Another reaction product, aldehyde #2: C
4
F

9
SO

2
N(H)CHO, was also observed and was presumed to 

be a secondary oxidation product of the ketone and aldehyde #1.  LC/MS/MS also indicated that a major product in all 
samples was the perþuorobutylsulfonamide (i.e. C

4
F

9
SO

2
NH

2
), however this product was later synthesized and the spectrum 

collected by FTIR did not conýrm its formation in situ until very late in the experiments.  Therefore, its detection by LC/
MS/MS was perhaps an artefact of the analytical conditions.  Perþuorobutanesulfonate was not detected above the level of 
the blank in any sample, however, three perþuoroalkyl carboxylates (PFCAs) were detected above the level of the blank 
in Sample 1, 2, and 3; perþuorobutanoic acid, perþuoropropionic acid, and triþuoroacetic acid.  Taken together, results 
suggest a plausible route by which perþuorooctylsulfonamides may serve as atmospheric sources of PFCAs (including 
PFOA), but not as a direct source of perþuoroalkylsulfonates, such as PFOS.  The observed intermediate products may, 
however, be deposited by wet or dry deposition to the biosphere where they may be further processed to PFOS and/or 
perþuoroocanesulfonamide, which are both ubiquitous environmental contaminants.  To better estimate the environmental 
fate of perþuoroalkylsulfonamides, the wide range of existing physical property determinations must be reconciled and the 
gas-particle partitioning determined. 
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Biodegradation studies of �uorotelomer-based polymers to assess their potential to contribute to 
per�uorinated carboxylic acids in the environment
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Gannon1 
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Biodegradation of þuorotelomer-based polymers has been postulated as a potential source of perþuorinated 
carboxylic acids (PFCAs) to the environment. Studies are underway to determine if the þuorinated moieties 

covalently bonded to a urethane and an acrylate polymer can be liberated from the polymer and transformed to PFCAs. 
The studies include four soils and two sediments that represent a range of chemical, physical, and mineralogical 
characteristics. The studies are being conducted under both aerobic and anaerobic conditions. 

Treatments for the soil studies include an untreated control soil, live (non-sterilize) soil containing the test 
substance (i.e., commercially-sold polymer product emulsion) added at 200 mg polymer kg-1 soil (soil dry wt.), 
sterilized soil containing the test substance, and sterilized soil containing 8-2 Telomer B Alcohol (8-2 TBA), two 
telomer acids, and 8, 9, 10, and 11 carbon-containing PFCAs to assess recoveries over the year-long experiment. The 
test vessels being used are glass serum bottles with aluminum foil-lined closures that are incubated statically at 20°C. 
Soil moisture content is assessed regularly by weighing each bottle and adding water as needed to maintain a level of 
40 to 60% water-holding capacity. Anaerobic conditions are imposed by þushing the test vessels with anaerobic mixed 
gas and then sealing them. A headspace sample from each vessel is passed through a C18 cartridge. The entire contents 
of the test vessel are then extracted using acetonitrile and an aliquot of a 200 mM NaOH solution.  

Treatments and methods for the sediment studies are similar to those of the soil studies. Sediment and water 
are added to each test vessel so the resulting water:sediment volume ratio is between 3:1 and 4:1 and the minimum 
sediment layer is approximately 2 cm.  The headspace gases within each of the aerobic test vessels are continuously 
purged with air at a low þow rate and passed through a C18 cartridge. Anaerobic test vessel conditions are imposed 
as in the soil test. In addition to headspace and sediment extract samples, separate aqueous samples are collected and 
analyzed. 

The analyte 8-2 TBA was not found in the head space of any samples, including sterile soils to which it had 
been fortiýed at 0.54 Õmole kg-1 (250 Õg kg-1, LOQ < 0.0125 Õg mL-1 headspace gas). Results from the soil studies 
after a maximum duration of four weeks indicate that the concentrations measured of 8-2 TBA, two telomer acids, 
and 8 to 11 carbon-containing PFCAs extracted from soils can be accounted for by the concentrations of þuorinated 
residuals in the polymer products. Fluorinated residuals are low molecular weight intermediates, which did not react 
to form a covalent bond with the polymer, and their degradation products. These residuals include, but are not limited 
to, the 6-2 TBA, 8-2 TBA, and 10-2 TBA that are found in the polymer products at low concentrations. 
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Retrospective modeling of potential residential exposure to per�uorooctanic acid (PFOA) releases 
from a manufacturing facility

Dennis J. Paustenbach1, Julie M. Panko1, Paul Scott2, and Kenneth Unice2

1 ChemRisk, Inc. San Francisco CA
2 ChemRisk, Inc. Pittsburgh, PA

A retrospective exposure analysis using various environmental models was conducted to estimate potential intake 
of perþuorooctanoic acid (PFOA) over the past 53 years by persons residing in parts of Ohio and West Virginia.  

PFOA has been detected in the public water supplies of water districts near Washington, WV and has been attributed 
to emissions from a local þuoropolymer manufacturing facility which has operated since 1951.  A processing aid, 
ammonium perþuorooctanoate (APFO), was used in the manufacture of the þuoropolymers and released to the 
environment in air, water and solid waste emissions.  In the environment, APFO disassociates to its anion form which 
is referred to as PFOA.  Following considerable analyses, it was concluded that particulate deposition from facility 
air emissions to soil and the subsequent transfer of the chemical through the soil was the most likely source of the 
PFOA detected in the groundwater.  For some water districts, releases to the Ohio River also served as a partial source 
of PFOA to the groundwater.  A mass balance analysis of APFO used and released by the facility for each year of 
operation from 1951-2003 was the foundation of this analysis.   Air emissions and deposition rates were modeled using 
EPA’s ISCST3 model.  Air deposition rates were then used as continuous input into the PRZM-3 model to estimate the 
PFOA concentrations in surface soil and the movement of the chemical to the groundwater.  Estimates of the intake 
of PFOA by residents were model estimated for each water district for all relevant routes of exposure.  Exposures 
were modeled for a 185 square mile area surrounding the facility.  The highest off-site environmental concentrations 
were predicted to occur about 1 mile away.  For this 1 square mile area, during the time period 1951 -2003, the model 
estimated air concentration was 0.2 µg/m3 (range =0.00007 to 0.4 Õg/m3), the estimated surface soil concentration 
was 11 Õg/kg (range =0.001 to 30 Õg/kg), and the estimated drinking water concentration was 3 Õg/L (range =0 to 14 
µg/L).   Similar data were generated for each of the other 18 areas around the facility.  Comparison of the data on the 
actual concentrations of PFOA in groundwater in the various water districts indicated that the models over predicted 
recent groundwater concentrations by factor of 3 to 5.  The predicted historical lifetime and average daily estimates of 
PFOA intake by persons who lived within 5 miles of the plant over the past ýfty years (since the plant began operation) 
were about 10,000 fold less than the doses that were considered acceptable by a science advisory panel which was 
convened to identify public health risk criteria.  To our knowledge, this is the ýrst case study where air deposition 
of an organic chemical from an industrial facility impacted groundwater which served as a source of public drinking 
water. The methodology for exposure assessment used here may well be applicable to other water soluble, persistent 
chemicals emitted to the air.
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The degradation of �uorotelomer alcohols in the troposphere

David A. Ellis1, Jonathan W. Martin1, Scott A. Mabury1, Michael D. Hurley2, Mads P. Sulbaek Andersen2,3 and Timothy J. 
Wallington2
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Oxidation of þuorotelomer alcohols in the atmosphere by OH leads quantitatively to the production of the 
corresponding polyþuorinated aldehyde.  Both the alcohol and the aldehyde have atmospheric lifetimes on the 

order of 20 days due to this process, e.g. (k(OH + F(CF
2
CF

2
)

n
CH

2
CH

2
OH = 1.07 Ñ 0.22 x 10-12 cm3 molecule-1 s-1.  

Wet and dry depositions are expected to be negligible for these species in comparison to their OH chemistry.  The 
predominant oxidative pathway of the ýrst formed aldehyde with OH is the production of a further aldehyhde which is 
perþuorinated.  In the absence of NO

x
, this perþuorinated aldehyde undergoes further oxidation by OH to produce the 

corresponding perþuorocarboxylic acids (PFCA) via the hydrolysis of a ýrst formed acid þuoride.  A second pathway 
available to the perþuorinated aldehyde is the production shorter chain PFCAs.  Production of PFCAs by this second 
route is minor in comparison to the production of carbonyl þuoride, although environmentally still deemed to be 
signiýcant.  Questions still remain to be answered concerning the degree to which wet deposition plays a role in the 
atmospheric fate of the perþuorinated aldehyde and how signiýcant these pathways are to the environmental burden 
of PFACs which contains varying amounts of NO

x
.
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Atmospheric fate of N-Methyl per�uorobutane sulfonamidoethanol 
(N-MeFBSE, C4F9SO2N(CH3)(CH2CH2OH))

Jessica C. D�eon,1 Scott A. Mabury,1 Michael D. Hurley,2 and Timothy J. Wallington2

1 Department of Chemistry, University of Toronto, Toronto, ON, CA
2 Ford Motor Company, Dearborn, MI, USA

In 2000 3M announced the discontinuation of its perþuorooctane sulfonamido chemistries due to environmental 
concerns.  Recently 3M returned to the market with a product containing only four perþuorinated carbons, N-methyl 

perþuorobutane sulfonamidoethanol (N-MeFBSE), under its standard trade name Scotchgard.  The atmospheric fate 
of this newly introduced industrial compound is the subject of this investigation.  Considering little monitoring data 
is available for the recently introduced N-MeFBSE, the results of this study will be compared with considerable 
data regarding the environmental distribution and prevalence of its perþuorooctane counterparts N-MeFOSE and N-

EtFOSE and their degradation products.
Atmospheric degradation was simulated using a 120 L pyrex smog chamber.  OH radicals were produced 

by photolysis of CH
3
NO with UV irradiation in the presence of NO.  The OH initiated reaction was monitored using 

the relative rate technique, with acetylene and ethylene as competitors.  The ýrst order rate constant for the reaction 
of N-MeFBSE with OH radicals was found to be k

OH
 = 5.6 x 10-12 cm3 molecule-1 s-1.  Using the empirically observed 

lifetime of CH
3
Cl

3
, N-MeFBSE was calculated to have an atmospheric lifetime of approximately 4 days.  Estimating 

an average global wind speed of 4 m s-1, N-MeFBSE will travel 1400 Km downwind from a point source.  
Product analysis was carried out by sampling the smog chamber at appropriate intervals.  Major products 

include carbonyl products from the oxidation of the ethanol chain, perþuorobutanoic acid (PFBA), perþuoropropanoic 
acid (PFPA), triþuoroacetic acid (TFA), perþuorobutane sulfonic acid (PFBS), and N-methyl perþuorobutane 
sulfonamine (N-MeFBSA).
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Biodegradation of 8:2 telomer alcohol and 8:2 telomer acids under aerobic conditions  

Dinglasan, M. J., Edwards E. and Mabury S. 

University of Toronto, Toronto, ON 

Telomer alcohols are polyþuorinated compounds primarily used as an intermediate in the production of þuorinated 
surfactants and polymers used widely in textile, paper and carpet industries.  They have been recently identiýed 

as potential precursor compounds to the environmentally ubiquitous perþuorinated acids.  The biodegradation of the 
8:2 telomer alcohol under aerobic conditions in a mixed microbial culture known to degrade ethanol was investigated.  
The cultures were spiked with approximately 50ug/L of the 8:2 telomer alcohol (8:2 FTOH) and its degradation was 
monitored using solid phase microextraction (SPME) coupled with gas chromatograph equipped with an electron 
capture detector (GC/ECD) The initial measured half-life of the 8:2 FTOH was ~0.2 days mg-1 of initial biomass protein. 
Telomer acids (8:2 FTCA, CF

3
(CF

2
)

7
CH

2
COOH; 8:2 FTUCA, CF

3
(CF

2
)

6
CF=CHCOOH  ) and PFOA were identiýed 

as metabolites during the degradation, the unsaturated telomer acid being the predominant metabolite measured. The 
overall mechanism involves the oxidation of the 8:2 FTOH to the telomer acid via the transient telomer aldehyde.  
The telomer acid was further transformed via a mechanism similar to ß-oxidation, leading to the unsaturated acid and 
ultimately producing the highly stable PFOA.

Degradation experiments of the observed intermediate compounds were also conducted.  Both 8:2 telomer 
acids (8:2 FTCA and 8:2 FTUCA) were degraded under similar conditions providing further evidence to the degradation 
pathway. The production of the 8:2 FTUCA and PFOA was observed in vessels spiked only with the 8:2 FTCA, while 
low levels of PFOA were detected in vessels spiked with 8:2 FTUCA only.  Complete mass balance was not achieved 
in the experiments; however this may be due to metabolites found associated with biomass that was routinely removed 
from samples prior to analysis. These studies demonstrate that telomer alcohols are potential sources of PFCAs as a 
consequence of biotic degradation.  Biological transformation may be a signiýcant degradation pathway for þuorinated 
telomer alcohols in aquatic systems.  
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Evidence of 8:2 FTOH production from the biodegradation of 8:2 telomer methacrylate under 
aerobic conditions
 
Dinglasan, M. J., and Mabury S. 

University of Toronto, Toronto, ON 

Telomer alcohols have recently been identiýed as precursor compounds to poly- and perþuorinated acids through 
aerobic microbial degradation.  These alcohols however are not typically marketed as industrial scale products 

but are used as intermediates in the production of telomer-based surfactants and polymers.  The 8:2 methacrylate 
(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-Heptadecaþuorodecyl methacrylate), a þuorinated monomeric acrylate produced 
from a typical synthetic reaction involving the transesteriýcation of the 8:2 FTOH along with ethyl pyruvate, is an 
example of an unpolymerized compound presumed to be similar to intermediates used in the manufacture of telomer 
based polymers.  In this study, evidence of 8:2 FTOH production from the biodegradation of this monomeric compound 
using inoculum obtained from a local sewage treatment plant (Ashbridges Bay, Toronto, ON Canada) was observed.  
Biodegradation experiments were conducted in purge and trap vessels equipped with XAD cartridges designed to trap 
the volatile metabolites.  Residual alcohols were ýrst stripped prior to addition of inoculum. 8:2 FTOH production was 
measured using a gas chromatographic system coupled with a mass selective detector (GCMS). A closed degradation 
experiment was also performed due to the volatility of the compound. In a closed system, telomer acids such 6:2 
FTCA, 6:2 FTUCA, 8:2 FTCA and 8:2 FTUCA were detected as metabolites using electrospray LCMSMS.  The 
observed lower chain telomer acids may be attributed to the degradation of residual 6:2 FTOH known to also be 
present in the 8:2 methacrylate. The total measured telomer acids at day 48 of the experiment make up approximately 
3% of the initial spike of 8:2 methacrylate.  This amount is higher than what can be attributed to degradation of 
residual telomer alcohols known to be present. Telomer alcohols have already been shown to biodegrade to both poly 
and perþuorinated acids while this study presents evidence of a þuorinated monomer producing similar metabolites, 
the important question that remains is whether biodegradation of polymeric material will also lead to perþuorinated 

acids that are found widespread in the environment.
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Per�uoroalkyl contaminants in lake trout from the Great Lakes
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The goal of this study was to determine the spatial distribution of some selected perþuorinated surfactants in ýsh 
from the Great Lakes. Results were determined for perþuorinated carboxylic acids (heptanoic PFHpA, octanoic 

PFOA, nonanoic PFNA, decanoic PFDA, undecanoic PFUnA, dodecanoic PFDoA and tetradecanoic PFTeA), 
sulfonates (octa PFOS, deca PFDS and octane sulfonamide PFOSA) and unsaturated þuorotelomer acids (6:2, 8:2 
and 10:2 FTUA). Individual whole ýsh homogenates were analyzed from 46 identically aged lake trout sampled in 
2001 from each of the Great Lakes. Duplicates were analyzed from 20% of the samples. The analytes of interest were 
extracted using an ion-pairing agent and analyzed by LC/MS/MS, using an Agilent 1100 Series liquid chromatograph 
coupled with a 4000 QTRAP triple quadrupole mass spectrometer. Quantitation was performed using the relative 
response of each analyte (triple injections) to 13C mass-labeled internal standards (13C

2
-PFOA, 13C

2
-PFDA and 13C

2
-8:2 

FTUA).
The major contaminant was PFOS. The highest level was determined in samples from Lake Erie (280 - 510 

ng/g), followed by samples from Lake Ontario (80 - 200 ng/g), Lake Huron (20 - 240 ng/g), Lake Michigan (25 - 85 
ng/g) and Lake Superior (7 - 22 ng/g). PFDS was determined in all samples from Lake Erie (5 - 18 ng/g), Lake Ontario 
(3 - 9 ng/g) and some samples from Lake Michigan (0 - 3 ng/g), Lake Huron (0 - 0.8 ng/g), Lake Superior (0.4 - 1.2 
ng/g). 
The perþuorinated carboxylic acids were detected at 0 - 10 ng/g. For PFOA the highest level was observed for samples 
from Lake Michigan (average of 3.1 ng/g), followed by samples from Lake Ontario (1 ng/g), Lake Erie (0.7 ng/g), 
Lake Huron (0.7 ng/g) and Lake Superior (0.6 ng/g). The other acids detected were PFNA (1 – 10 ng/g), PFDA (0.2 
ï 5.5 ng/g), PFUnA (0.2 ï 4.8 ng/g), PFDoA (0.2 - 2 ng/g) and PFTeA (0 ï 1.5 ng/g).

From the þuorotelomer acids series the 8:2 FTUA was detected in 52% of the samples from each of the Great 
Lakes, at concentrations ranging between 0.1 and 0.5 ng/g. The occurrence of the 8:2 FTUA varied between 17% for 
samples from Lake Erie and 90% for samples from Lake Michigan. The 10:2 FTUA was detected only in four samples 
from Lake Ontario and Superior at an average concentration of 40 pg/g.
The lowest level of perþuoroalkyl contaminants was determined in samples from Lake Superior. Samples from 
Lake Erie had the highest level of PFOS, PFDA, PFUnA and PFDoA, while samples from Lake Michigan had the 
highest level of PFOA and 8:2 FTUA. Although comparable the levels determined in this study for perþuorinated 
carboxylic acids and sulfonates are slightly lower than the levels determined in an earlier study for samples from Lake 
Ontario(1).

1. Martin, J.W.; Whittle, D.M.; Muir, D.C.G.; Mabury, S.A. Environ. Sci. Technol. 2004, 38, 5379-5385.
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Atmospheric lifetime and global warming potential of a per�uoropolyether
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Hydroþuoroethers (HFEs) and perþuoropolyethers (PFPEs) are commonly used industrial heat transfer þuids for 
which little is known about their environmental occurrence and fate.  HFEs and PFPEs have been marketed as 

replacements for the stratospheric ozone-depleting chloroþuorocarbons, yet they may be equally hazardous to the 
environment.  C-F bonds absorb IR radiation within the atmospheric window and disrupt the energy balance of the 
earth, in a phenomenon known as radiative forcing.  Both PFPEs and HFEs contain an unprecedented number of C-F 
bonds, which suggests that they would have a high radiative forcing.  Some HFEs have been shown to have extremely 
high instantaneous forcing, of up to 1.37Wm-2ppb-1.  It has been demonstrated that HFEs degrade in the atmosphere via 
hydrogen abstraction by OH, while it is unlikely that PFPEs will be oxidized.  Consequently, it is expected that they will 

have a much higher global warming potential (GWP), due to longer lifetimes and similar radiative forcing values.
A distilled fraction of a PFPE found in the commercial mixture Galden HT70 was added to a 140 L pyrex 

chamber interfaced to an FTIR spectrometer.  Competition kinetics was used to determine an upper limit of reactivity 
with both OH and Cl.  The IR spectrum was recorded in 700 Torr of diluent air at 296K.  The UV/vis spectrum in 
the liquid phase was used to assess photolysis lifetime.  The reactivity of the PFPE with Cl was greater than 2 x 
10-17cm3molecule-1s-1, while the reactivity of OH was greater than 2.2 x 10-16cm3molecule-1s-1.  Given the unreactive 
nature of this compound, the minimum lifetime was assumed to be 1000 years.  Using IR measurements, instantaneous 
forcings of the PFPE and CFC-11 were calculated as 0.64 and 0.26, respectively.  Assuming a lifetime of 1000 years 
for the PFPE, a GWP can be calculated.  Over a 100 year horizon, the GWP of the PFPE was calculated as 8400.  
Relative to the GWP of CFC-11, this corresponds to a value of 1.84.  The low radiative forcing of this PFPE compared 
to some HFEs, H-Galden 1040x in particular, is surprising.  An examination of the IR spectra of these compounds will 
provide insight into this observation.
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Atmospheric �ux of per�uorinated acids into the High Arctic
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Perþuorinated acids have been found ubiquitously in water and biota.  Of special interest is the contamination of 
biota in the High Arctic, as these compounds have low volatility and are poor candidates for long range transport.  

A possible source of contamination of perþuorocarboxylic acids (PFCAs) to remote regions is the atmospheric 
oxidation of þuorotelomer alcohols (FTOHs).   PFCAs were shown to be an oxidation product of FTOHs under low 
NOx conditions.  Thus, in low NOx environments, such as the Arctic, it is possible that FTOHs provide a source 
of PFCAs.  By measuring þuxes of selected PFCAs into the Arctic, it is possible to assess whether this mechanism 
provides the primary source of these compounds.  Analogously, it is possible that perþuorooctane sulfate (PFOS) and 
related chemicals could be delivered to the Arctic via oxidation of polyþuorosulfamido-alcohols.  Calculating a þux 

of PFOS would provide insight into this suggestion.
Surface samples were collected in spring of 2005 on Melville Ice Cap (Melville Island, NWT) and Agassiz 

Ice Cap (Ellesmere Island, NU).  Surface and depth samples were collected during the same time period on Devon 
Ice Cap (Devon Island, NU).  These locations are far from water bodies and any contamination should be principally 
atmospherically derived.  Samples were injected into a SciEx 4000 LC-MS-MS for analysis.  Perþuorinated acids were 
observed in the snow.  Quantiýcation was done using isotopically labeled perþuorooctanoic acid, perþuorononanoic 
acid, perþuorodecanoic acid and PFOS.  Standard additions were used to verify the results.  Data was corrected for 
precipitation and area to give the þux into the Arctic.
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Spatial and temporal trends of per�uorinated alkyl substances in ringed seals and seabirds 
(Northern Fulmar and Thick-Billed Murre) from the Canadian Arctic

Butt, C.M.1, Stock, N.L.1, Mabury, S.A.1, Muir, D.C.G.2, Braune, B.M.3
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It is now widely accepted that perþuorinated alkyl substances (PFASs) are globally distributed contaminants in both 
humans and biota.  Further, several recent studies have shown that Arctic foodwebs, including trophic levels from 

zooplankton to polar bears, contain concentrations of C8-C15 perþuorinated carboxylic acids (PFCAs), perþuorooctane 
sulfonate (PFOS) and perþuorooctane sulfonamide (PFOSA).  However, the spatial variation of PFAS concentrations 
and proýles between populations of Arctic biota has not been well characterized.  This study examined the geographic 
variation of PFASs in two species of biota from the Canadian Arctic; ringed seals (Phoca hispida) (5 locations x 10 
individuals) and seabirds (northern fulmars, 2 locations x 10 individuals).  Further, the main producer of PFOS-related 
chemistry voluntarily ceased production in 2001.  However, the response of animal populations to this production 
termination is not known.  Thus, this study also examined temporal trends (~1970s-20004) of PFASs in ringed seals 

and two species of seabirds (northern fulmars and thick-billed murres). 
Liver samples were homogenized and extracted with methyl tert-butyl ether (MTBE) and the ion-pairing agent, 

tetrabutylammonium hydrogen sulphate (TBAS).  In addition, a protein precipitation clean-up step using a þuorinated 
solvent was included.  Target analytes included C7-C15 PFCAs, 4-, 6-, 8-, 10-carbon perþuorosulfonates, PFOSA.  In 
addition, suspected degradation compounds of the þuorotelomer alcohols, 8:2 þuorotelomer acid (8:2 FTCA), and 8:2 
and 10:2 þuorotelomer unsaturated acids (8:2 and 10:2 FTUCA) were monitored.  Chemical analysis was performed 
using liquid chromatography coupled with tandem mass spectrometry.  Analytes were quantiýed by normalizing analyte 
response to stable isotope labelled standards (13C

2
-PFOA, 13C

2
-PFDA and 13C

2
-8:2 and 10:2 FTUCA).  

Results indicated that PFAC concentrations varied between ringed seal populations with the most southern 
site, Inukjuaq, showing the highest concentrations.  Within seal populations, PFOS was the major PFAS analyzed.  
Among PFCAs, proýles were dominated by C8-C11 acids with PFUnA dominant at eastern Arctic sites and PFNA 
dominant at central-western Arctic sites.  Differences in PFCA proýles may indicate different sources of perþuorinated 
compounds to these regions.  Examining northern fulmars, PFAS concentrations and proýles were similar between 
Cape Vera and Prince Leopold Island.  In general, the major PFAS detected was the long-chained C11-C15 PFACs 
(2.5-11 ng/g), as compared to lower concentrations of PFOS (mean=0.7 ng/g).     

Temporal trends of ringed seal and seabirds showed an increase in PFCAs and perþuorosulfonates from 
~1970s-2004.  Examining ringed seals (1972, 1993, 2000, 2004), PFOS was the only PFAS detected in the 1972 
samples.  However, concentrations of C8-C14 PFCAs increased from 1993-2004 with doubling times of 4-10 
years.  Surprisingly, PFOS concentrations in ringed seals declined from 2000-2004.  Within seabird samples, PFAS 
concentrations increased rapidly between 1993-2004 in thick-billed murre samples, however, only a modest increase 
was observed in northern fulmars over this time period.       
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Development of a new NCI GCMS method for the determination of environmental exposure to 
per�uorooctanoic acid and per�uorononanoic acid

H.W. Hoppe, H.D.Köster

Medical Laboratory  Bremen, Haferwende 12, D-28357 Bremen

While occupational exposure to perþuorinated compounds (PFC) can easily be assessed by analyzing PFC 
in plasma by LC-MSMS, the respective determination of plasma PFC levels resulting from environmental 

exposure is often complicated by contaminations from various sources such as Teþon plastics. 
To overcome this analytical problem, we developed a new method for the trace level determination of 

perþuorooctanoic acid (PFOA) and perþuorononanoic acid (PFNA). Analyses of these two PFC are most frequently 
requested at our lab. Moreover, we present tentative reference values for PFOA and PFNA in plasma derived from the 
analysis of samples obtained from randomly selected German children.

PFC were extracted from plasma as ion pairs in TBME and subsequently derivatized with benzylbromide. 
The derivatives were quantiýed by NCI-GCMS using 13C

2
-PFOA as internal standard. The applicability of the GCMS 

method was examined by analyzing plasma samples of 174 children and young adults (age range 0-24 years). The 
specimens were randomly selected from patients’s samples of the Medical Lab Bremen. 

The GCMS method permitted the quantiýcation of 1 Õg PFOA/l and of 0.1 Õg PFNA/l. The reagent blank 
values were usually below 0.4 and 0.03 Õg/l, respectively. The method was validated for concentrations from 1 to 
100 µg/l. Comparative measurements by ESI-LC-MSMS and NCI-GCMS yielded highly corresponding results . 
In children, PFOA and PFNA were found in 95 % and 85 % of the analyzed samples. PFOA plasma concentrations 
ranged from less than the LOQ to 18 Õg/l (mean 5.2 Õg/l; median 4.7 Õg/l) and the respective PFNA concentrations 
from less than LOQ to 2,9 µg/l (mean 0.7 µg/l; median 0.6 µg/l). No gender- and age-dependend associations were 
observed. PFOA levels correlated only weakly with the concentrations of PFNA (R2 = 0.352). Tentative reference 
values for PFOA and PFNA, derived from the 95th percentile, were 11 and 1.8 µg/l, respectively. 

The new GCMS method for the analysis of PFC is highly selective and resistant to interferences. Moreover, 
the cross-validation results obtained from the PFOA analyses conýrm the accuracy of the method. The ýnding that 
PFOA and PFNA can be quantiýed in almost all children plasma samples indicates that the method is suitable for the 
monitoring of environmental exposure to PFC. The tentative reference values derived for PFOA and PFNA give an 
idea to which extent German children are exposed to PFC.
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Recent environmental surveys have depicted the widespread occurrence of perþuorinated alkyl substances (PFASs) 
in tissues of wildlife inhabiting various regions of the Arctic. In the present study, we investigated the distribution 

of a suite of PFASs in plasma, liver, brain, and egg samples from a scavenger-predator seabird species breeding in 
Svalbard (Arctic Norway), the glaucous gull (Larus hyperboreus). Chemical analyses of glaucous gull samples were 
carried out by two laboratories using different extraction, cleanup, and instrumental quantiýcation methods, i.e. using 
high-performance liquid chromatographs (HPLC) with electrospray ionization in the negative ion mode (ESI) tandem 
mass spectrometer (MS) (HPLC/MS/MS ESI) or time-of-þight MS (HPLC/ToF-MS ESI). An inter-laboratory test 
based on the determination of a suite of PFASs in glaucous gull liver samples demonstrated moderate analytical 
variation (range 6 - 77%), thus validating the quantitative comparisons of PFASs between matrices. Quality assurance 
and quality control included laboratory blanks, matrix spikes, and standard material injections for each block of 5 
– 10 samples to monitor changes in instrument sensitivity and effects of matrix on ESI suppression/enhancement. 
The perþuorooctane sulfonate (PFOS) was consistently the most frequent PFAS detected in the samples, and at 
concentrations that are thus far the highest reported in any arctic seabird species. Among the body compartment/tissue 
samples analyzed, PFOS levels in plasma (range: 48.1 - 349 ng/g wet wt) was highest, followed by liver å egg > brain. 
Other perþuorosulfonic acids, i.e. perþuorobutane and perþuorohexane sulfonate (PFBS and PFHxS, respectively), 
and perþuorooctane sulfonamide (PFOSA) and four þuorotelomer acids (8:2 FTA, 8:2 FTUA, 10:2 FTA, and 10:2 
FTUA), were either very minor or not detected in samples. The perþuorocarboxylic acids (PFCAs) with 9 to 14 carbon-
chain length were found in samples (sum (�����������������������������������������������������������������������              ×����������������������������������������������������������������������              ) PFCA range in plasma: 41.8 ï 262 ng/g wet wt) whereas a minority or 
no samples contained detectable amounts of 5- to 8C-, and 15C-PFCAs. The accumulation proýles of PFCAs were 
characterized by high proportions of long- and odd-chain length compounds, namely perþuoroundecanoic (PFUnA) 
and perþuorotridecanoic (PFTriA) acids, although their individual contribution to ����������������������������������     × ��������������������������������    PFCA differed largely among the 
body compartments/tissues. The ������������������������������������������������������������������������������         × ����������������������������������������������������������������������������        PFCA-to-PFOS concentration ratios in samples revealed plasma, in comparison 
with tissues and eggs, retained substantially higher burdens of �����������������������������������������������      × ���������������������������������������������     PFCA proportionally to PFOS, suggesting body 
compartment/tissue-speciýc carrier protein afýnity may play a primary role in the bioaccumulation dynamics of 
PFCAs versus PFOS in glaucous gulls. Current concentrations of PFOS and other accumulated þuorochemicals in 
this vulnerable top-predator from the Norwegian arctic marine food web are predicted to behave as part of a broad 
organohalogen contaminant cocktail with potential for mediating biological processes. Further studies are warranted 
to assess the toxicological potential of these persistent substances in adult glaucous gulls and developing embryos.
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Exposure to per�uorinated acids in 108 Swedish women in relation to methylmercury and �sh 
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Perþuorinated acids have been found in human blood samples worldwide. They have a long half-life in humans, 
and have shown a potential for reproductory interference and carcinogenity in animal experiments.To reduce 

human exposure to potentially hazardous chemicals it is important to identify the main sources of exposure. But 
despite their ubiquitous presence little is known on exposure to perþuorinated acids in the general population. Food 
is one possible source of exposure and in wildlife the highest concentrations of perþuorinated acids can be found in 
piscivouros animals. This study aims at describing the exposure level of perþuorooctane sulfonic acid (PFOS) and 
perþuorooctanoic acid (PFOA) in Swedish women in relation to their level of ýsh consumption.

Women with a moderate to high proportion of ýsh in their diet were recruited for the study. The volunteers 
answered a detailed questionnaire regarding their diet, in particular their ýsh intake, and provided blood samples for 
analysis. The samples were analyzed for PFOS and PFOA using HPLC coupled to ESI-MS/MS. The samples were 
also analysed for methylmercury (MeHg), using an automated multiple injection analysis system and CV-AFS. The 
concentrations found were evaluated in relation to the volunteersô stated ýsh intake. A total of 108 women participated 
in the study.

The mean concentration of PFOS in the blood samples was 18 ng/ml (sd=11), and mean PFOA concentration 
was 2.0 ng/ml (sd=0.8). No correlation between concentrations of PFOS or PFOA and total stated ýsh intake was 
found in the study. However PFOS (rs =0.27; p=0.004), and PFOA (rs =0.22; p=0.02) were signiýcantly positively 
correlated to MeHg in blood, and to increasing intake of ýsh species that generally contain high levels of MeHg 
(rs=0.24; p=0.01), such as pike, perch and pikeperch. PFOS was also correlated to intake of shellýsh (rs=0.25; p=0.01). 
Concentrations of PFOS and PFOA were not correlated to intake of fat ýsh, such as salmon and herring. No correlation 
was found to other types of food contained in the survey.

The results indicate that predatory ýsh species can be a source of exposure to perþuorinated acids. The weak 
correlations, however, suggest that other sources also are of importance for human exposure to perþuorinated acids. 
The lack of correlation between PFOS or PFOA and the intake of fat ýsh, which generally contain high concentrations 
of organic contaminants, also implies that available risk models developed for organic contaminants may not apply to 
perþuorinated acids.
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Determination of airborne poly�uorinated organic compounds in northern Germany
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Polyþuorinated organic compounds (PFCs) represent a diverse class of chemicals which has been produced in large 
amounts since the 1950ies. Due to their unique properties to repel both water and oil, PFCs are used in various 

products like spray-on treatments for clothing, leather, carpets and upholstery, non-stick cooking pans, and food 
wraps. PFCs combine persistence, bioaccumulation and toxicity to an extraordinary degree.

The ultimate breakdown products of PFCs include perþuorooctane sulfonate (PFOS) and perþuorooctanoic 
acid (PFOA). Both substances are weakly volatile and moderately water-soluble, making them poor candidates for 
long-range atmospheric transport (LRAT). Nevertheless, they have been determined in species from remote areas like 
Alaskan polar bears. Perþuorooctane sulfonamides and þuorotelomer alcohols (FTOHs) are possible precursors of 
PFOS and PFOA, being neutral and volatile, therefore having the potential for LRAT.

An analytical method for those volatile precursors using high-volume air samplers and determination by 
GC-CI-MS has been developed, based on [1,2], in order to investigate the atmospheric occurrence of PFCs. A full 
method validation has been performed covering the evaluation of the calibration procedure, within-day and between-
day precision, solvent and column blanks, the application of adequate internal standards, the determination of limits 
of detection (LODs) and limits of quantiýcation (LOQs) and several recovery experiments. Based on this, results from 
metropolitan Hamburg and Waldhof, a rural location in Northern Germany, will be presented.
  The analytes determined in this study were 4:2 FTOH, 6:2 FTOH, 8:2 FTOH, 10:2 FTOH, 6:2 Perþuorooctane 
acrylate (6:2 PFOAc), NMeFOSA, NEtFOSA, NMeFOSE, NEtFOSE and PFOSA. Five mass-labelled IS have been 
applied: 6:2 FTOH M+4, 8:2 FTOH M+4, 10:2 FTOH M+4, NMeFOSA M+3 and NEtFOSA M+5. The recovery IS 
(RIS) added prior to GC-MS analyses were 7:1 and 11:1 þuorinated alcohol.
 For most analytes, no blank problems were found. Solvent blanks were not detected at all, while column blanks could 
be detected for 10:2 FTOH and NEtFOSA (<LOQ). Only for 8:2 FTOH, a column blank could be determined: 2.6 Ñ 0.5 pg/
ÕL.Within-day (100 pg/ÕL) and between-day precision (200 pg/ÕL) ranged from 4.2% (4:2 FTOH) to 7.4% (10:2 FTOH) and 
5.5% (NMeFOSE) to 9.7% (PFOSA), respectively. Several recovery experiments at two concentration levels (100 and 400 pg/
ÕL) showed IS-corrected solvent recoveries between 44% (PFOSA) and 164% (NMeFOSE). IS-corrected column recoveries 
ranged from 56% (4:2 FTOH) to 151% (NMeFOSA). Only for two analytes where mass-labelled analogues were not available 
(NMeFOSE, NEtFOSE), column recoveries were very high: 311-319%.Instrumental LODs and LOQs (PCI) were estimated 
from standard analyses at very low concentrations at a signal-to-noise-ratio (S/N) of 3:1 and 10:1, respectively. Typical LODs 
were 0.2 (NEtFOSA, NMeFOSA) to 1.1 pg (PFOSA) while LOQs were 0.6 (NEtFOSA) to 3.7 pg (PFOSA).
 Air samples of 900-1500 m3 have been taken in parallel in metropolitan Hamburg (n = 14) and a rural area (Waldhof, n 
= 8) in Northern Germany. Results will be shown and discussed.
References: [1] J.W. Martin et al. (2002): Anal. Chem., 74, 584-590, ������������������������������������������������������������������������           [2] N.L. Stock et al. ��������������������������������������������������      (2004): Environ. Sci. Technol., 38 (4), 991-996.		
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