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Perfluorinated compounds as emerging 

contaminants

~3000



Publications shows continued interest in 

PFAS.

From 1995 - 2016
2000

1000



PFAS Occurrence – UCMR 3

2012: Six PFASs added to Unregulated Contaminant Monitoring Rule 3 

(UCMR 3) list, including PFOS and PFOA using EPA 537 method.

October 2015 UCMR 3 data summary
Contaminant

Minimum 

Reporting 

Level

PFOS 0.04 µg/L

PFOA 0.02 µg/L

PFNA 0.02 µg/L

PFHxS 0.03 µg/L

PFHpA 0.01 µg/L

PFBS 0.09 µg/L



EPA 537 Method Used – Summary: 

Extraction

• A 250-mL preserved water sample with Trizma is fortified 

with surrogates and passed through a solid phase 

extraction (SPE) cartridge containing Solex HRPHS in lieu 

of polystyrenedivinylbenzene (SDVB) to extract the method 

analytes and surrogates. The compounds are eluted from 

the solid phase with a small amount of methanol. The 

extract is concentrated to dryness with nitrogen in a heated 

water bath, and then adjusted to a 1-mL volume with 96:4% 

(vol/vol) methanol:water after adding the IS(s). A 5-μL in 

lieu of 10-μL injection is made into an LC equipped with a 

C18 column.
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EPA 537 Method M. Used – Mas Spec

• Q-Exactive hybrid HRAM capable of producing MS/MS 

data in lieu of “low resolution triple” -MS/MS. The analytes 

are separated and identified by comparing the acquired 

mass spectra and retention times to reference spectra and 

retention times for calibration standards acquired under 

identical LC/MS/MS conditions. The concentration of each 

analyte is determined by using the internal standard 

technique. Surrogate analytes are added to all Field and 

QC Samples to monitor the extraction efficiency of the 

method analytes.
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Hybrid HRAM can be used for EPA LC-MS/MS 

Analysis

Serial monitoring

Parallel monitoring

Parallel reaction monitoring for high resolution and high mass accuracy quantitative, targeted proteomics. Peterson et al., MCP 2012, O112.020131

Using Parallel Reaction Monitoring (PRM) - Targeted MS2



Q-Exactive tune page: the setup.  

Targeted 

Targeted + 

Non Targeted 

No need for optimization

Needs RT and specific collision E.



040216-IDOC-PRM-FS-003 04/02/16 01:11:20 ICAL-2
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RT: 4.88

RT: 6.70

RT: 8.56

RT: 8.69

RT: 10.08

RT: 11.33

NL: 2.83E4

Base Peak m/z= 79.95564-79.95644 F: FTMS - p ESI Full ms2 298.94@hcd55.00 
[50.00-325.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 1.43E4

Base Peak m/z= 268.98166-268.98434 F: FTMS - p ESI Full ms2 
312.97@hcd10.00 [50.00-335.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.39E4

Base Peak m/z= 318.97821-318.98139 F: FTMS - p ESI Full ms2 
362.97@hcd10.00 [50.00-390.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.29E4

Base Peak m/z= 79.95564-79.95644 F: FTMS - p ESI Full ms2 398.94@hcd50.00 
[50.00-425.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.29E4

Base Peak m/z= 368.97481-368.97849 F: FTMS - p ESI Full ms2 
412.97@hcd10.00 [50.00-440.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.03E4

Base Peak m/z= 418.97142-418.97560 F: FTMS - p ESI Full ms2 
462.96@hcd10.00 [50.00-490.00]  MS  Genesis 040216-IDOC-PRM-FS-003
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RT: 11.32

RT: 12.41

RT: 13.33

RT: 14.12

NL: 2.04E4

Base Peak m/z= 79.95565-79.95645 F: FTMS - p ESI Full ms2 498.93@hcd55.00 
[50.00-525.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.74E4

Base Peak m/z= 468.96778-468.97246 F: FTMS - p ESI Full ms2 
512.96@hcd10.00 [50.00-540.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 3.13E4

Base Peak m/z= 518.96439-518.96957 F: FTMS - p ESI Full ms2 
562.96@hcd10.00 [50.00-590.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.58E4

Base Peak m/z= 568.96097-568.96665 F: FTMS - p ESI Full ms2 
612.95@hcd10.00 [50.00-645.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.42E4

Base Peak m/z= 618.95754-618.96372 F: FTMS - p ESI Full ms2 
662.95@hcd10.00 [50.00-695.00]  MS  Genesis 040216-IDOC-PRM-FS-003

NL: 2.06E4

Base Peak m/z= 668.95430-668.96098 F: FTMS - p ESI Full ms2 
712.95@hcd10.00 [50.00-745.00]  MS  Genesis 040216-IDOC-PRM-FS-003

EPA 537 – FULL-MS at 70K resolution showing  

good peak shapes, and S/N for a 2.5ppt standard.

PFBS

PFHXA

PFHpA

PFHXS

PFOA

PFNA

PFOS

PFDA

PFuNA

PFDoA

PFTrDA

PFTA



EPA 537M (PRM) – targeted-MS2 for PFOA at the 

lowest cal std 0.5ppt shown with spectra 

confirmation using Trace Finder  4.1

Sample MS2 Spectra

Library MS2 Spectra



By adding Full-Scan to PRM workflow – 0.5ppt 

PFOA shown

Isotpic patternIsotopic pattern match



Determination of Minimum Reporting Limit Using 

LCMRL Using Regressional LOQ Calculation

12



Target & non targeted compounds EPA 

537 plus.

PRM Full Scan
EPA 537 PFCA’s, 

and PFSA’S target 

list

Critical level DL LCMRL Critical level DL LCMRL

PFBS 0.077 0.12 <0.5 PFBS 0.15 0.2 <0.5

PFDA 0.18 <0.5 <0.5 PFDA 0.15 0.26 <0.5

PFDoA 0.14 0.29 <0.5 PFDoA 0.47 0.73

PFHpA 0.35 0.97 PFHpA 0.09 0.15 <0.5

PFHxA 0.16 0.27 <0.5 PFHxA 0.13 0.19 <0.5

PFHxS 0.52 0.77 PFHxS 1.7 2.4

PFNA 0.14 0.26 <0.5 PFNA 0.11 0.17 <0.5

PFOA 0.36 0.5 PFOA 0.22 0.5

PFOS 0.14 0.21 <0.5 PFOS 0.26 0.5

PFTA 0.48 0.71 PFTA 0.15 0.2 <0.5

PFTrDA 0.18 0.32 <0.5 PFTrDA 0.31 0.55

PFuNA 0.31 0.72 PFuNA 0.38 1

PFBA 0.19 0.64

PFODA 0.55 1

PFDS 0.13 0.19 <0.5

PFHxDA 0.12 0.5

PFPA 0.18 0.19 <0.5

Stock standard contained other compounds 

not part of EPA 537 target list which were 

identified and quantified using Full-MS

LCMRL equal or better than high end - mid range triple 

quads – background contamination is the limiting factor.



A 2.5ppt standard of PFOA. Excellent quantitation 

and  sensitivity is obtained with HRAM in comparison 

to QQQ analysis.

b) HRAM Full Scana) SRM Analysis-QQQ c) HRAM PRM



PFOS quantification is challenging: 

Showing a technical grade standard
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1) CF3CF2CF2CF2CF2CF2CF2CF2SO3   2) CF3CF2CF2CF2CF2CF2CF2SO3    3) CF3CF2CF2CF2CF2CF2CF2SO3    4)  CF3CF2CF2CF2CF2CF2CF2SO3 

                                                                                                 CF3                                                                     CF3                                                             CF3 

 

 5) CF3CF2CF2CF2CF2CF2CF2SO3            6) CF3CF2CF2CF2CF2CF2CF2SO3      7) CF3CF2CF2CF2CF2CF2CF2SO3    8)  (CF3)3CF2CF2CF2CF2CF2CF2SO3 

                                   CF3                                                                             CF3                                                                    CF3 

                          CF3                                                                              

9) CF3CF2CF2CF2CF2CF2SO3            10 ) CF3CF2CF2CF2CF2CF2SO3      11 ) CF3CF2CF2CF2CF2CF2SO3     

                         CF3                                                                         CF3CF3                                                                   CF3         CF3  

Isomer 1 2 3 4 5 6 7 8 9 10 11

MS/MS relative response factors

m/z 499   m/z 99 100 117 97 49 39 43 78 10 0 0 19
m/z 499   m/z 80 100 0 78 135 241 142 123 113 118 220 90

Nicole Riddell etal 2009

EEA



Samples from different locations 

can have different branch ratios

16

Std PFOS BranchedField Sample



Fs scan covers all of the branches and looks 

to be more reliable for PFOS quantitation.
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Linear PFOS used for calibration

10 samples - conc. 4 - 30ppt
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Till around 1970 PFOA was also produced by Electrochemical fluorination (ECF) process creating branched 

isomers which can still be detected occasionally so it is important to also integrate the branch isomers.



Full Scan 70000 resolution

PFNA PFHpA PFOA



FS and 413/369 compares well in real field 

samples having branched PFOA - ppt
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Including branched isomers when present 

about 20% difference in a technical grade



A UCMR3 sample shown having a trace hit 

for non-targeted known compound: PFDS

80 ppt STDSample



Looking for Unknowns : Contaminated GW 

in a AFFF site:

On-line SPE UHPLC / Fs-ddms2, top 5
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Data mining software using 

“Compound Discoverer”
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Refining data to explore known 

classes of compounds

C90 H100 F100 S10 O10 P5 I3 C90 H F100 S10 O3 P5 I3

• RDB

• Isotopic pattern

• Possible formula

• Mass defect

• Mass range

• Etc.

Pattern MW vs RT



At higher resolutions more trace isotopic 

patterns can be used for MS scans.
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Ms2 Data Shows CmF2m+1- “9 series” and 

CnF2nSO3- radical “0 series” as expected.
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The structure of the selected compound can be 

drawn in “Custom Explanation” using Mass Frontier 

to check against  MS and MS2 collected data



Summary of all PFAS’s found for the 

studied group.
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C2 TO C8  PFSA’s

C2HF5O3S
F

S
OH

O

O

F

F

F

F

Less studied. No commercial std’s available

Std column / areaStudy sample / area



A few identified suspects using prescribed workflow which 

were missing from the built in library. Some need 

additional confirmations.
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Conclusions

• Q-Exactive HRAM instrumentation in the PRM scan mode can be used 

for quantitation with performance like a triple quadrupole in SRM mode 

with added specificity, selectivity and comparable sensitivity.

• Full scan HRAM can likely produce more accurate quantitative data for 

compounds that contain branched isomers such as PFOS.

• Routine quantitative workflows and non-target analysis can be 

performed in a single analysis.  

• HRAM data processing using Thermo Fisher Scientific Compound 

Discoverer software can simplify complex data reduction/save time.

• Other techniques may be necessary for further confirmation of 

suspects/unknowns structures such as MSn, 13C and 19F NMR, when  

standards are not commercially available.
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