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Screening strategies for the growing list.
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Common household products and industrial uses
PFAS related products

Surfactants and 
lubricants

Grease-proof 
food packaging

Non-stick 
surfaces

Water repellents

Stain guards

Fire-fighting 
foams
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Common laboratory materials
PFAS related products

Pump seals, 
frits, degasser 

materials

Caps on 
samples vials

Solvent caps, 
filters and 

tubing

Sample 
preparation 

consumables

Gloves/Coats

Air conditioning 
filters
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Regulated PFAS monitoring

Compound Formula Abbreviation
Perfluoroalkylcarboxylic acids (PFCAs)
Perfluro-n-butanoic acid C4HF7O2 PFBA
Perfluoro-n-pentanoic acid C5HF9O2 PFPeA
Perfluoro-n-hexanoic acid C6HF11O2 PFHxA
Perfluoro-n-heptanoic acid C7HF13O2 PFHpA
Perfluoro-n-octanoic acid C8HF15O2 PFOA
Perfluoro-n-nonanoic acid C9HF17O2 PFNA
Perfluoro-n-decanoic acid C10HF19O2 PFDA
Perfluoro-n-undecanoic acid C11HF21O2 PFUdA
Perfluoro-n-dodecanoic acid C12HF23O2 PFDoA
Perfluoro-n-tridecanoic acid C13HF25O2 PFTrDA
Perfluoro-n-tetradecanoic acid C14HF27O2 PFTeDA
Perfluoro-n-pentadecanoic acid C15HF29O2 PFPeDA
Perfluorinated sulfonates (PFSAs)
Perfluoro-1-butanesulfonate C4F9SO3

- PFBS
Perfluoro-1-hexanesulfonate C6F13SO3

- PFHxS
Perfluoro-1-octanesulfonate C8F17SO3

- PFOS
Perfluoro-1-decanesulfonate C10F21SO3

- PFDS
Perfluorinated sulfonamides (FOSA)
Perfluoro-1-octansulfonamide C8H2F17NO2S FOSA
N-Methylperfluoro-1-octanesulfonamide C9H4F17NO2S N-MeFOSA
N-Ethylperfluoro-1-octanesulfonamide C10H6F17NO2S N-EtFOSA
Perfluorinated sulfonamidoethanols (FOSE)
2-(N-methylperfluoro-1-octanesulfonamido)-ethanol C11H8F17NO3S N-MeFOSE
2-(N-ethylperfluoro-1-octanesulfonamido)-ethanol C12H10F17NO3S N-EtFOSE
Fluorinated Telomer Sulfonates (FTS)
1H,1H,2H,2H-Perfluorohexanesulfonic acid C6H5F9SO3 4:2 FTS
1H,1H,2H,2H-perfluorooctane sulfonate C8H5F13SO3 6:2 FTS
1H,1H,2H,2H-Perfluorodecanesulfonic acid C10H5F17SO3 8:2 FTS
Perflourinated sulfonamidoacetic acids (FOSAA)
Perfluorooctane sulfonamidoacetic acid C10H4F17NO4S FOSAA
N-methylperfluorooctane sulfonamidoacetic acid C11H6F17NO4S N-MeFOSAA
N-ethylperfluorooctane sulfonamidoacetic acid C12H8F17NO4S N-EtFOSAA

Common target compounds
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https://www.well-labs.com/docs/pfc_reference_handling_guide.pdf Wang, Z et al. (2017). Environ. Sci. Technol. 51, 2508-2518.
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>4000 PFAS compounds in commerce
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Aim
Simplified and simultaneous Target quantitation and Suspect screening

MassHunter Acquisition software with Study Manager

MassHunter Quantitation software

Data acquisition Target Quantitation Targeted screen Report results

NEMC 2019: Moving beyond monitoring legacy PFAS
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Traditional SPE is selective
Sampling for screening  

SPE processes are 
chemically selective
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Move to direct injection to broaden the screen
Sampling for screening

Need to insure the 
sample vessel is 

rinsed with organic 
solvent

Filter 
1mL of 
sample

Vortex 
mix

Add equivalent 
volume of 
methanol rinse

Ready to inject

Pool 500µL into autosampler vial

Pool 500µL 
into 

autosampler 
vial

Discard 
remaining 

sample



High Speed 
Pump 
(G7120A)

Solvent A: 5mM ammonium acetate in water
Solvent B: Neat acetonitril
Flow Rate: 0.4 mL/min
Max Pressure Limit: 1300 bar
Gradient:

Time (min) %B
0.00 3.00
1.00 25.00
9.00 85.00
10.00 97.00
12.00 97.00
14.00 3.00
15.00 3.00

Stop time: 15.00 min

Multisampler 
(G7167B)

Injection Volume: 30 µL
Multiwash: Seat back flush and needle wash with 
5s each of 100% isopropanol, then 100% 
acetonitrile, then 100% water

Multicolumn 
Thermostat 
(G7116B)

Column Temperature: 30°C
Column: Agilent InfinityLab Poroshell HPH-C18 
2.1 × 100 mm, 1.9 μm (p/n 695675-702)
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Agilent 1290 Infinity II UHPLC conditions
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Overlay 
from 60 

injections
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Agilent Jet-
Stream Ion 
Source

Drying Gas Temp: 320 °C
Drying Gas Flow: 8 L/min
Nebulizer: 35 psi
Sheath Gas Temp: 350 °C
Sheath Gas Flow: 11 L/min
Capillary Voltage: 3500 V
Nozzle Voltage: 0 V
Fragmentor Voltage: 115 V

Tune mode Ion Polarity: Negative
Mass Range: Low (1700m/z)
Slicer mode: High resolution

Acquisition 
mode

50-1100 m/z 
Rate: 6 spectra/sec
Collision Energy: 0, 10, 20 V

Reference Mass Correction: Enabled using bottle A
119.03632 (M-H)-adduct of purine
980.016375 (M+Ac)- adduct of HP-0921
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Agilent 6546 LC/Q-TOF LC/MS system (G6546A) conditions
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Separation of the target compounds
Quantitative analysis results
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Lower Limit of Detection
Quantitative analysis results

PFBA @ 200 ng/L PFOS @ 5 ng/L PFOA @ 20 ng/L

- ESM (412.9664) Scan STD020.d
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PFOA - 8 Levels, 5 Levels Used, 8 Points, 5 Points Used, 0 QCs

Concentration (ng/ml)
250 500 750 1000 1250 1500 1750

5x10
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3
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y = 182.355852 * x  + 7712.633697
R^2 = 0.99979364
Type:Linear, Origin:Ignore, Weight:1/x

PFOS - 8 Levels, 6 Levels Used, 8 Points, 6 Points Used, 0 QCs

Concentration (ng/ml)
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y = 546.606729 * x  + 22708.269682
R^2 = 0.99709887
Type:Linear, Origin:Ignore, Weight:1/x

PFBA - 8 Levels, 5 Levels Used, 8 Points, 5 Points Used, 0 QCs

Concentration (ng/ml)
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Type:Linear, Origin:Ignore, Weight:1/x
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Dynamic range
Quantitative analysis results

PFBA 200 – 20000 ng/L PFOS 5 – 2000 ng/L PFOA 20 – 2000 ng/L



How to rapidly screen for PFAS with more 
confidence, without standards?

- Focus search criteria:
- on mass accuracy
- on expected retention time 

- Use all data possible to make a 
putative identification
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Monitoring suspect PFAS
PFAS/EPA: ToxCast Chemical Inventory

https://comptox.epa.gov/dashboard/chemical_lists/EPAPFASINV
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Monitoring suspect PFAS
Adding focus through Retention Time (RT) Projection

y = 0.9783x - 0.763
R² = 0.9001

21 measured RT’s

32 projected RT’s

Compound NameRT (min)
Perfluorobutanoic acid 2.13

Perfluoropentanoic acid 2.81
4:2 Fluorotelomer sulfonic acid 3.21

Perfluorohexanoic acid 3.40
Perfluorobutanesulfonic acid 3.50

Perfluoroheptanoic acid 4.00
6:2 Fluorotelomer sulfonic acid 4.34

Perfluorooctanoic acid 4.60
Perfluorohexanesulfonic acid 4.90

Perfluorononanoic acid 5.20
Perfluoroheptanesulfonic acid 5.54
8:2 Fluorotelomer sulfonic acid 5.40

Perfluorodecanoic acid 5.72
Perfluorooctanesulfonic acid 6.10

Perfluoroundecanoic acid 6.20
Perfluorododecanoic acid 6.70
Perfluorotridecanoic acid 7.20

Perfluorotetradecanoic acid 7.70
Perfluorooctanesulfonamide 7.37

2‐(N‐Methylperfluorooctanesulfonamido)acetic acid 7.38
2‐(N‐Ethylperfluorooctanesulfonamido)acetic acid 7.81

4,8‐Dioxa‐3H‐perfluorononanoic acid 4.56
(2E)‐3,4,4,5,5,6,6,7,7,8,8,8‐Dodecafluoro‐2‐octenoic acid 4.44

2‐Perfluorooctyl ethanoic acid 5.66
2‐Perfluorodecyl ethanoic acid 6.83
2H‐Perfluoro‐2‐octenoic acid 4.40
2H‐Perfluoro‐2‐decenoic acid 5.64

2H‐Perfluoro‐2‐dodecenoic acid 6.79
Ethyl heptafluorobutyrate 3.20

2H,2H,3H,3H‐Perfluorooctanoic acid 4.41
3‐Perfluoroheptylpropanoic acid 5.68
Perfluoropentanesulfonic acid 3.83
Perfluorononanesulfonic acid 6.07
Perfluorodecanesulfonic acid 6.60

Perfluorododecanesulfonic acid 7.52
Perfluoro(2‐((6‐chlorohexyl)oxy)ethanesulfonic acid) 5.84

2‐[(8‐Chloro‐1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8‐hexadecafluorooctyl)oxy]‐1,1,2,2‐tetrafluoroethanesulfonic acid 6.92
10:2 Fluorotelomer sulfonic acid 7.11

N‐Methylperfluorooctanesulfonamide 8.15
8:2 Fluorotelomer sulfonamide 8.52

N‐[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8‐Heptadecafluorooctyl)sulfonyl]glycine 6.14
N‐Methyl‐N‐(2‐hydroxyethyl)perfluorooctanesulfonamide 8.17
N‐Ethyl‐N‐(2‐hydroxyethyl)perfluorooctanesulfonamide 8.51

Phosphonic acid, (tridecafluorohexyl)‐ 3.22
PFOPA 4.35

Perfluorodecylphosphonic acid 5.57
6:2 Fluorotelomer phosphate diester 7.92

6:2/8:2 Fluorotelomer phosphate diester 8.48
8:2 Fluorotelomer phosphate diester 8.90

Bis(tridecafluorohexyl)phosphinic acid 7.39
(Heptadecafluorooctyl)(tridecafluorohexyl)phosphinic acid 8.07

Bis(heptadecafluorooctyl)phosphinic acid 8.60
Ammonium bis(N‐ethyl‐2‐perfluorooctylsulfonaminoethyl)phosphate 9.35
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Adding focus through Retention Time (RT) Prediction
Monitoring suspect PFAS

y = 0.4676x + 2.0573
R² = 0.6971
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y = 1.3623x - 2.1741
R² = 0.7045
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Monitoring suspect PFAS
Adding focus through Retention Time (RT) Prediction

29 physiochemical properties in addition to the 
count of -CF2- used to create prediction model
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Monitoring suspect PFAS
Simultaneous Quantitation and Screening

MassHunter Quantitative  
‘Batch-at-a-glance’ view

New Screener Tool

Filter Targets and Suspects

Filter compounds that are 
Verified, Needs Review, Not 

Detected 

Review Isotope pattern match

Review Fragments

Set outliers flags according to 
SANTE guidelines
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Monitoring suspect PFAS
Simultaneous Quantitation and Screening

PFAS Suspect

Predicted RT

Measured RT
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Screening summary PDF report 
Monitoring suspect PFAS

Flagging 
RT outlier

Flagging 
number of 

verified ions
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Targeted Suspect Screening

Custom PFAS database with >150 compounds
MS/MS spectra and retention time data available for a 
subset of compounds
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Targeted Suspect Screening Results

WWTP1 Final Effluent

Standard

6:2 FTS
Mass: 427.97458
Mass diff: -1.41 ppm
Score: 98.11

6:2 FTS ID’d in 
all samples of 

WWTP
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Additional PFAS identified with LC-Q/TOF
Targeted Suspect Screening Results
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• Targeted: Only captured ~6% of 
compounds

• Suspects: 10-16% of fluorinated 
compounds

• Unknowns: 66-81% of fluorinated 
compounds

• Large portion of fluorinated anionic 
compounds in sample unknowns
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Targeted Suspect Screening Results

60-70% of fluorine containing molecules in these samples is ‘unknown’

Influent Effluent



Complete Workflow
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Known knowns
Expanded targeted 
list (~50 compounds)

Known unknowns
Expanded PFAS database

6:2 FTS
Mass: 427.97458
Mass diff: ‐1.41 ppm
Score: 98.11

Continually refining 
targeted method

Unknown unknowns
Adding identified 
compounds to database list

27



“Rapid Assessment of Isomeric Diversity in PFAS by Ion 
Mobility Spectrometry-Mass Spectrometry (IMS-MS)”
James Dodds & Erin Baker , NC State
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Measuring PFAS by LC-IM-Q/TOF
The ultimate tool for PFAS identification
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Ion path design
Agilent 6560 IM-Q/TOF

29



Detector
Analyte

Ions

Gating
Optics

Ion Mobility CellVH VL

Electric Field

Stacked ring ion guide gives linear field
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Basic operational principle of Ion Mobility for conventional DC uniform field IMS
Agilent 6560 IM-Q/TOF

𝑣 ൌ 𝐾 𝐸 ∝
𝑒 𝐸

𝑃 𝑇 Ω

30
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An additional dimension of separation
Measuring PFAS by LC-IM-Q/TOF

Combining the Power of 
Accurate Mass and Structural Characterization

With Current UHPLC (and GC) Separations

Second
peaks

Millisecond peaks

Nanosecond
peaksMass Spectrum

Signal Response

m/z

31



Synquest

Wellington
Labs
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Mass Spectrometry data
Measuring PFAS by LC-IM-Q/TOF
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PFOS Conformations resolved by IM
Measuring PFAS by LC-IM-Q/TOF



• TQQTOFIM/QTOF resolving PFAS 
reveals complexity of the problem

• Simultaneous target quantitation and 
suspect screening workflow

• Need for direct injection methods for broad 
screening

• Adding confidence to putative 
identifications using RT projection and 
prediction
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Summary

NEMC 2019: Moving beyond monitoring legacy PFAS



Acknowledgements

Timothy Coggan and Bradley Clarke 
RMIT University, VIC Australia

James Dodds and Erin Baker 
North Carolina State University, NC USA

August 11, 2019 NEMC 2019: Moving beyond monitoring legacy PFAS35


