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PFAS “Fingerprinting” 
 
Forensic scientists have used fingerprints in criminal investigations 
as a means of identification for centuries. Fingerprint identification is 
one of the most important criminal investigation tools due to two 
features: their persistence and their uniqueness. A person's 
fingerprints do not change over time. 

 
By Cyrillic at the English language Wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=3335963 

 

Fire-fighting foams were first developed by Aleksandr Loran and he 
invented and patented the first foam extinguisher in 1904.  Since that 
time, chemical foams viz where there is a chemical reaction used to 
produce the foam have been developed and refined.  Fluoroprotein 
foams using a fluorinated surfactant as the active ingredient were 
developed by National Foam, Inc. in the early 1960’s and later the US 
Navy established aqueous film-foaming foams (AFFF) again with 
fluorosurfactants using PFOS (perfluorooctanesulfonic acid) as the 
active ingredient.  In Australia, it has been well documented that these 
AFFF were extensively used for combatting class B fires and also in 
fire-fighting training areas since the 1970’s.  Moreover, PFOS and 
related compounds are currently imported into Australia, mainly for use 
as mist suppressants in the metal plating industry, hydraulic fluid in the 
aviation industry and surfactants in the photography industry.  Gallen 
et al

1
 conducted a study of 27 Australian landfills regularly detecting 

nine PFAS compounds from a variety of different sites whereas Lang 
et al

2
 detected concentrations of 70 PFAS and concluding that carpet 

and clothing are likely sources of PFASs in landfill leachate across the 
USA.  Clearly, the larger the number of PFAS compounds that are able 

                                                           
1 Gallen C., Drage D., Eaglesham G., Grant S., Bowman M. and Mueller J.F. (2017).  

Australia-wide assessment of perfluoroalkyl substance (PFASs) in landfill leachates. J. 
Hazardous Materials. 331: 132-141. 
2 Johnsie R. Lang, B. McKay Allred, Graham F. Peaslee, Jennifer A. Field, and Morton A. 

Barlaz., Release of Per- and Polyfluoroalkyl Substances (PFASs) from Carpet and Clothing 
in Model Anaerobic Landfill Reactors., Environ. Sci. Technol., 2016, 50 (10), pp 5024–
5032 

to be detected the greater probability that they will form a unique 
pattern or fingerprint.  Of note, was the detection of the 5:3 
fluorotelomer carboxylic acid (5:3 FTCA) as the major component in 
the leachates that was not reported in the Australian study. 
 

Liquid Chromatography Quadrupole Time-of-Flight Mass 
Spectrometry (LC-QToF-MS) 

 

 
Eurofins’ LC-QToF-MS instrument may provide useful data when trying 
to fingerprint multiple sources especially considering the extensive 
plumes of PFAS compounds that expand many kilometres within the 
hydrologic system from the point source.  The LC-QToF-MS identifies 
the regular 28 or so Per- and Polyfluoroalkyl Substances (PFAS) as 
well as their precursors as well as common degradation compounds 
such as 5:3 FTCA.  This compound and other unknown unknowns are 
confirmed based upon their accurate mass, isotopic pattern, retention 
time plus accumulated data contained in the PCDL (Personal 
Compound Database & Library) compiled from legacy AFFF products. 
 

 
Adapted from “Aerobic Biotransformation of Fluorotelomer Thioether Amido Sulfonate 

(Lodyne) in AFFF-Amended Microcosms” Katie C. Harding-Marjanovic, Erika F. Houtz, Shan 
Yi, Jennifer A. Field, David L. Sedlak and Lisa Alvarez-Cohen, Environ. Sci. Technol. 2015, 49, 

7666−7674 
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With the greater number of PFAS compounds now being able to be 
determined by LC-QToF-MS, a statistical tool such as principal 
components analysis (PCA) needs to be used in order to reduce the 
large set of variables that arise to a small set that still contains most of 
the information in the large set.  PCA is a mathematical procedure that 
transforms a large number of (possibly) correlated variables into a 
(smaller) number of uncorrelated variables called principal 
components.  The goal being to take a complex dataset with 
multidimensional data and make it simpler using a graphical display to 
apportion any relationships.  The graphical display taken from a 
Charles Darwin University report

3
 below shows some species and site 

specific PFAS levels of the composition of PFAS in both biota and 
sediment in Darwin. 

 

Case Study 
 

A product sample was received that also contained high levels of 
hydrocarbons for analysis of the conventional 28 PFAS using LC-
MS/MS.  Results showed no detectable PFCAs, FTSAs and 
sulfonamide alcohols and acids with PFOS + PFHxS totalling 1.8 µg/L.  
From a targeted LC-MS/MS point-of-view the levels were relatively low 
in this sample.  LC-QToF-MS however revealed a different result with a 
homologous series of peaks each differing by a set amount and 
increasing by 50 m/z viz -CF2-.  NOTE: levels required 1,000 times 
dilution.  Using the data processing structural elucidation tool a 
structure of C15H2F28O2 with a mass difference of 0.03 ppm was 
proposed. 
 

 
 

                                                           
3
 N.C. Munksgaard, D. Lambrinidis, K.S. Gibb, D. Jackson, S. Grant, J. Braeunig 

and J.F. Mueller. Per- and Polyfluoroalkyl Substances (PFAS) testing in 
sediment and aquatic foods from Darwin Harbour. October 2016  

The proposed structure below shows a polyfluorinated carboxylic acid 
with a single C-F while the other structural isomers ranged from C9 to 
C21. 
 

 
 

These compounds provide an easily defined unique profile that can be 
used to define this sample from those normally encountered and 
provide a characteristic “fingerprint”.  Further examination of samples 
normally analysed by LC-MS/MS by using LC-QToF-MS is uncovering 
other distinctive PFAS compounds outside the normal 28 screened.  
Together with PCA this data can be used to conceivably identify 
different inputs if there is an indication of different sources and 
therefore apportion their contribution to the extent of the contamination. 

Emerging PFAS Compounds 

In Australia, both regulators and laboratories have concentrated efforts 
of the traditional PFAS compounds associated with PFOS based AFFF 
products.  There are, however, growing concern with emerging 
compounds such as perfluoroethylcyclohexanesulfonate (PFECHS) 
which is a cyclic perfluorinated acid (PFA) mainly used as an erosion 
inhibitor in aircraft hydraulic fluids. 

 
Another group of compounds that have been used as replacements for 
PFOA in the manufacture of fluoroploymers such as GenX 
(Tetrafluoro-2-(heptafluoropropoxy)propanoic acid) and ADONA 
(Dodecafluoro-3H-4,8-dioxnonanoic acid) are ideal candidates for 
detection by LC-QToF-MS as well as others such as 6:2 fluorotelomer 
sulfonamide alkylbetaine (6:2 FTAB), 6:2 Fluorotelomer Thioether 
Amido Sulfonate (6:2 FTAS), Perfluoropropylsulfonic acid (PFPrS), 
Perfluorononanoic acid (PFNS), GenX (Tetrafluoro-2-
(heptafluoropropoxy)propanoic acid), 9-chloroF53B (9-
chlorohexadecafluoro-3-oxanonane-1-sulfonate), 11-chloroF53B (11-
chlorooctadecafluoro-3-oxanonane-1-sulfonate), (F53B), PFECHS 
(Perfluoroethylcyclohexanesulfonate), 5:5 Fluorotelomercarboxylic acid 
(5:3 FTCA) and 3:3 Fluorotelomercarboxylic acid (3:3 FTCA). 
 

Eurofins | mgt Expertise 

If you would like to discuss logistical details for your upcoming projects 
then please contact your local Analytical Service Manager or one of 
our Business Development team listed below.   
 
Technical support can be provided by contacting Dr Jack Thompson or 
Dr. Bob Symons. 
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