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A Never-Ending Story of Per- and 
Polyfluoroalkyl Substances (PFAS)? 

Wang et al. 
2017, ES&T.

PFAS

No longer PFOA and PFOS only

>3000 PFAS
New 

important 
class 



Which PFAS Will Grow Legs? Regulatory and 
Methods Impacting Commercial Labs.

GenX

EEA 
Quant

>40 PFAS

Knappe, et al.

EPA 
537.2

EPA 537 
r1.1

EPA & 
Other 
ones

EEA 
Quant

14 PFAS



Some of the Fluoropolymers Used by 
Manufacturers. GenX is to Replace PFOA.

Wang, et al. 2012



High Resolution Mass Spectrometry for Site 
Specific Emerging Contaminants.

Do we need non 
targeted analysis in 

addition to targeted ? 



Two Important Aspects of High Resolution 
Accurate Mass. (Q Exactive Orbitrap)

Resolution

Mass Accuracy



Q Exactive Analysis Set Up

MS conditions: 
Spray voltage 3800V, Capillary temperature 295°C, sheath gas 32 au, Aux gas 7 au,  S-lens RF level 55

Full MS/data dependent MS2

 full MS:resolution 140,000 FWHM
scan range 100-1500 m/z

 ddMS2:resolution    35,000 FWHM
Inclusion list on
isolation 1 m/z
exclusion   5 s
NCE 10,40,200

List of 146 PFAS target analytes

…
…
…

146



FS-ddMS2 Screening Process

8

PFMOAA



Large Data Files Showing > 83000 
Data Points To Mine Through.

RT

M
W



Some Pre Knowledge is Required to 
Sieve Through the Large Data Points

• Per and poly fluorinated compounds have negative mass defects . 
CH2(14MW, 14.01565MW), CF2(50MW, 49.99681MW).

• Identification and looking for homologues for different class/sub 
class of PFAS. CF2 (49.9968m/z), CF2O (65.9917m/z), etc.

• Retention time shifts to the right as the homologues CF2 chain 
increases.

• Using simplified compound prediction composition based on 
expected compounds compositions can reduce data to be Sieved 
through .

i.e.      C20 H F50 N5 O10 P2 S2

• Having knowledge of recurring Fragments i.e [CF3O]-, 84.989m/z



Using Class Coverage: Capturing MS1 
Precursors from Designated MS2 Fragments  -
Compound Discover Software.
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GenX Gets Reported As HFPO Anion. 

12

F

O
OF

F

F

F

F

F

F

F

F

F
F F

O
OF

F

F

F

F

F

F

F

F

F
O-

F

O
OF

F

F

F

F

F

F

F

F

F
OH

Hexafluoropropylene oxide 
dimer acid 
CAS# 13252--13-6

Hexafluoropropylene oxide 
fluoride
CAS# 2062-98-8

NH4+

GenX
CAS# 62037-80-3

HFPO

MS1:
[M-H]-, [2M-H]-, [2M-2H+Na]-



GenX Continued: Fragments From a Std
are Shown



Suspect – Enolether PFSA C8F15O4S-
Software's Output Needs To Be Checked
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Other Observations: Nafion BP1 
Had Multiple Peaks as Candidates
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     SB-006, #6906, RT=13.688 min, FTMS (-), MS2 (HCD, DDF, 442.93@35.00, z=-1)
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Adjusted Mass Defect Plot: AMD/m/z

Hill notation: CF2
Nominal mass: 50
Monoisotopic mass: 49.99681

1) Kendrick Mass = m/z*50/49.99681

2) Kendrick mass defect = Kendrick mass rounded up to the nearest 
whole number– Kendrick mass

3) Adjusted Mass Defect = Kendrick mass defect

MONOETHER
PFCA

MONOETHER
PFSA



Adjusted Mass Defect Plot
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Showing the Non Target Candidates on 
the Right.
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Principal Component Analysis (PCA)
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Extract A has Distinguishable Higher Area 
Counts for PFAS With Additional Ether PFAS.

Extract A Extract B

Legacy PFAS
only

Legacy + Other 
PFAS



16 PFECA and PFESA Suspects  Identified. The 
Potential New Ones are Marked. 

1A 2A COMP

Compound Name Chemical Formula Area Area Area

Diether‐uPFSA‐suspect C6 H F11 O5 S 1.E+06
Diether‐uPFSA‐suspect C8 H F15 O5 S 1.E+06 4.E+04

Diether‐uPFSA‐suspect C9 H F17 O5 S 3.E+05
Enolether‐PFSA‐suspect C8 H F15 O4 S TRACE 1.E+06 2.E+04

Mono‐Ether‐PFSA‐suspect C4 H F7 O4 S 2.E+07
Mono Ether‐PFSA‐suspect C5 H F11 O4 S 3.E+05 2.E+04
Mono‐Ether‐PFSA‐suspect C6 H F11 O4 S 1.E+06
Mono Ether‐PFSA‐suspect‐RT1 C7 H F15 O4 S 4.E+04

Mono‐Ether‐PFSA‐suspect‐RT2 C7 H F15 O4 S 4.E+04
PFECA‐DIMER‐suspect C7 H F13 O3 3.E+05 1.E+04
PFECA‐DIMER‐suspect C8 H F15 O3 8.E+05 1.E+04

PFECA‐DIMER‐suspect C10 H F19 O3 3.E+06 1.E+05
PFECAs‐Polyether‐DIMER‐suspect C8 H F15 O8 8.E+06 3.E+04
PFECA‐Polyether‐DIMER‐suspect C9 H F17 O9 TRACE 8.E+05 TRACE

PFECA‐Polyether‐DIMER‐suspect C7 H F13 O7 3.E+07 2.E+05
PFECAs‐DIMER‐suspect C2 H F3 O2 5.E+07



Showing PFAS with Area Counts of 
>2.6E+06 

22
44 Total suspects/hits from a single sample (NC). 

1.00E+06

2.01E+08

4.01E+08

6.01E+08

8.01E+08

1.00E+09

1.20E+09

1.40E+09

As a rough estimated reference: 
GenX has 1-2E+06 area count for a 
200 ng/L concentration for PFECA



1.00E+04

5.10E+05

1.01E+06

1.51E+06

2.01E+06

2.51E+06

3.01E+06

Continued:  Showing
>1E+04<2.6E+06 area Count. 

23
44 Total suspects/hits from a single sample (NC). 

PFAS Included in EPA 537 R1.1



In-house SB Test Results of DW (NC) 
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39 legacy and GenX were quantitated. 

 13 PFAS were detected.

 26 PFAS were not detected.

Four new PFECA and two Nafion BPs were estimated. 

 5 new PFAS were detected.

 1 new PFAS was not detected.



In-House Results of 147 DW Samples 
(NC)
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Compound Highest 
Conc. ng/L

Mean Conc.
ng/L

% of Results ≥ 
MRL

% of Results > 
HA

PFPeA 59 25 95 ---

PFHxA 74 25 90 ---

PFBA 26 14 86 ---

PFHpA 50 13 79 ---

PFOA 24 6 77 0
PFBS 12 2 60 ---

PFOS 52 4 35 0
PFHxS 43 <2 30 ---

PFNA 6 <2 21 ---

PFDA 6 < 2 15 ---

PFPeS 8 <2 0.7 ---

NEtFOSAA 10 < 2 0.1 --- 25



EPA 537 & In-house SB Test Results:
Emerging PFAS (NC)

Compound # of Sample Highest Conc. 
ng/L

Mean Conc.
ng/L

Median Conc.
ng/L

% of Results 
≥ 5 ng/L

GenX (DW) 288 230 14 < 5 43
GenX (GW) 181 179 16 < 5 48

26

Mean sd HPIR Lower PIR Upper PIR
>50% <150%

GenX 4.58 0.334 1.322 65 118

MRL Confirmation Study



In-house SB Test: 6 Non-Target PFAS 
(PFECAs)

Compound Acronym Reference Highest 
Conc. ng/L

% of Results  
≥ 5 ng/L

Perfluoro-2-methoxyacetic acid PFMOAA GenX 5560 98

Perfluoro (3,5-dioxahexanoic) 
acid PFO2HxA GenX 180 80

Perfluoro (3,5,7-trioxaoctanoic) 
acid PFO3OA GenX 109 55

Perfluoro (3,5,7,9-
tetraoxadecanoic) acid PFO4DA GenX 31 33

Nafion Byproduct 1 Nafion
BP1 --- < 5 0

Nafion Byproduct 2 Nafion
BP2

Nafion
BP1 33 35

27



Conclusions

• Q Exactive Orbitrap can be used for identification of site 
specific emerging contaminants.

• New suspects were identified with matching Kendricks
adjusted mass defect plot and MS2 fragmentation.

• PFAS quantitation and estimated concentrations from 
Cape Fear samples were presented.

• New standards are required for confirmation of the 
potentially new found suspects.
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Any Questions?

Ali Haghani: alihaghani@eurofinsus.com
Andy Eaton: andyeaton@eurofinsus.com
Yongtao Li:  yongtaoli@eurofinsus.com

Joshua S. Whitaker: joshuawhitaker@eurofinsus.com
Eurofins Eaton Analytical, LLC

www.eurofinsus.com/eaton


