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Determination of Perfluoroalkyl Substances (PFAS) in
Sediments by QUEChERS Extraction and HPLC-MS/MS
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Introduction

Perfluoroalkyl substances (PFAS) are a class of highly stable syn-
thetic organic compounds used in a wide variety of industrial and
commercial applications including surface treatment for textiles,
packaging materials, and non-stick cookware. PFAS are character-
ized by a hydrophobic fully fluorinated alkyl chain and a hydrophilic
functional group. They are persistent in the environment due to the
exceptional stability of the C-F bond. Once released in the aquat-
ic environment, these chemicals will partition between the water
phase and the sediment. To better understand the fate and trans-
port of these compounds, it is important to measure both the solid
and liquid environmental fractions.

There are several methods available for the extraction and analysis
of PFAS in aqueous samples. However, very few procedures are
available for extracting these compounds in solid matrices such as
sediments. Typical methods used are mechanical shaker and ultra-
sonic-assisted Solid-Liquid Extractions (SLE)®"®. The extracts are
then subjected to additional cleanup steps, usually by solid phase
extraction. These are generally solvent-intensive and time-consum-
ing processes. In 2003, an extraction procedure called QUEChERS
(Quick-Easy-Cheap-Effective-Rugged-and-Safe) was introduced.
It was originally developed to extract pesticide residues in food ma-
trices but has since found applications in the field of environmental
analytical chemistry.

Our laboratory (LACSD) previously developed and validated a
QUEChERS sediment extraction procedure for emerging contam-
inants including: pharmaceutical and personal care products, ste-
roids, alkylphenol ethoxylates, and pyrethroid pesticides?34. We
have successfully applied the same extraction method to determine
perfluoroalkyl substances in marine and freshwater sediments.

Materials and Methods
Reagents/Chemicals
¢ QUEChERS Extraction — In a 50 mL plastic centrifuge tube
combine 2.0 g of Anhydrous Magnesium Sulfate, and1.5 g
Sodium Acetate or use approximately 3.5 g of
AOAC2007.01 roQ™ extraction packet (part no. AH0-9043)

e QUEChERS dSPE Clean-Up — roQ 15mL dSPE Kit
(part no. KS0-8926)

ﬂ For additional technical notes, visit www.phenomenex.com
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Sample Preparation
QUEChAERS Extraction Protocol

1. Weigh 2.0 g of dried sediment into a polypropylene
container and spike with isotopically-labeled internal standards.
PPCPs, Steroids, and Pyrethroids can be extracted concurrently
with this method by adding the appropriate internal standard and
spiking solutions to the samples and QCs 234,

2. Add 10mL deionized water and vortex. Add 10mL acidified ace-
tonitrile (1% acetic acid) to the slurry and vortex.

3. Add the extraction salts (1.5 g Sodium Acetate and 2 g MgSO,)
to the sample and vortex for 1 minute.

4. Centrifuge the samples for 5 minutes at 4000 rpm.

5. Place the samples in a rack and freeze at -20° for 30-60 minutes.
This freezing step allows for easier extraction of the supernatant.

6. Transfer 8-9mL of the acetonitrile supernatant into a roQ
QUECHhERS PSA/C18 dSPE clean-up tube (Part no. KS0-8926)
and vortex for one minute.

7. Centrifuge the dSPE tubes for 10 minutes at 3000 rpm.

8. Place an aliquot of the extract in a HPLC vial and dilute 1:1 with
deionized water. The sample is now ready for analysis.

HPLC-MS/MS Conditions

Column:  Gemini® 3 ym C18
Dimensions: 100 x 3mm
Part No.:  00D-4439-Y0
Inline Filter:  Phenomenex Krudkatcher™ Ultra
Delay Column:  Luna®5 pm C18 (2) 30 x 2.0mm
Part No.:  00A-4252-B0
Mobile Phase:  A: 20 MM Ammonium acetate in water

B: Methanol
Gradient: Time (min) % B

0.0 10
1.5 65
8.0 95
8.1 99
12.0 99
12.5 10

Injection: 90 pl
Flow Rate:  0.6mL/min
Temperature: 40°C
Detector:  SCIEX 5500 QTRAP®
Detection:  MS/MS ESI Negative (sMRM)

Analytes: 1. pFBA 10. PFOS
2. PFPeA 11. PFNA
3. PFBS 12. PFOSA
4. PFHxA 13. PFNS
5. PFPS 14. PFDA
6. PFHxS 15. PFDS
7. PFHpA 16. PFUdA
8. PFHpS 17. PFDoA
9. PFOA 18. PFTrDA
19. PFTeDA
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Mass Spectrometer Parameters
Table 1.

MRM Transitions and Compound Dependent Parameters

Table 2.
MS Source Parameters
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Source Parameters Settings
Compound Name Q1 Q3 DP | CE Temperature 400 °C
Perfluorobutanoic acid (PFBA) 213 | 169 | -71 | -14 Gas 1 50
Perfluoropentanoic acid (PFPeA) 263 | 219 | -71 | -12 Gas 2 50
. . Curtain Gas 35
Perfluorohexanoic acid (PFHxA) 313 | 269 -60 | -14
lonization Energies -4500 V
Perfluoroheptanoic acid (PFHpA) 363 | 319 -62 | -15
Collision Gas High
Perfluoroctanoic acid (PFOA) 413 | 369 -91 -12
Perfluorononanoic acid (PFNA) 463 | 419 | 79 | -15 Table 3. _ _
Method Performance Data for Sediments Spiked at 1ng/g of the Target
Perfluorodecanoic acid (PFDA) 513 | 469 | -83 | -17 Analytes (n=4)
Perfluoroundecanoic acid (PFUdA) 563 | 519 | -60 | -17 Compound Average % Recovery % RSD
Perfluorododecanoic acid (PFDoA) 613 | 569 | -50 | -21 PFBA 91.7 0.76
Perfluorotridecanoic acid (PFTrDA) 663 | 619 -49 | -18 PFPeA 86.3 6
Perfluorotetradecanoic acid (PFTeDA) 713 | 669 | 63 | 20 PFHxA 89.4 12
PFHpA 93.1 2.9
Perfluorobutanesulfonate (PFBS) 299 80 -94 | -70
PFOA 98.3 1.5
Perfluoropentantesulfonate (PFPeS) 349 80 -96 | -66 PFNA 93 16
Perfluorohexanesulfonate (PFHxS) 399 | 80 | -92 | -75 PFDA 87.7 4.5
Perfluoroheptanesulfonate (PFHpS) 449 80 -75 | -84 PFUdA 92.3 21
PFDoA 92.5 4.1
Perfluorooctanesulfonate (PFOS) 499 80 -78 | -96
PFTrDA 88.2 2.1
Perflluorooctanesulfonamide (PFOSA 498 78 -60 | -84
( ) PFTeDA 87.6 2.1
Perfluorononanesulfonate (PFNS) 549 80 -87 | -100 PFBS 86.3 21
Perfluorodecanesulfonate (PFDS) 599 80 -55 | -100 PFPeS 96.2 3.9
Perfluoro-n-'3C4-butanoic acid (M4PFBA) 217 | 1719 | -71 | -13 PFHXS 81.3 5
Perfluoro-n-'*C5-pentanoic acid (M5PFPeA) 268 | 222.7 | -71 | -12 PFHpS 92.3 2.6
Perfluoro-n-*C5-hexanoic acid (M5PFHxA) 318 | 2729 | -60 | -13 PFOS 92.1 26
PFOSA 104.5 6.3
Perfluoro-n-*C4-heptanoic acid (M4PFHpA) 367 | 321.8 | -62 | -14
PFNS 89.8 6.8
Perfluoro-n-'*C8-octanoic acid (M8PFOA) 421 | 376 | -91 | -12 PFDS 87.3 6.7
Perfluoro-n-3C9-nonanoic acid (M9PFNA) 472 427 -79 | -17
Perfluoro-n-'3C6-decanoic acid (M6PFDA) 519 | 474 -83 | -21
Perfluoro-n-*C7-undecanoic acid (M7PFUdA) | 570 | 525 -60 | -17
Perfluoro-n-3C2-dodecanoic acid (MV2PFDoA) | 615 | 570 -50 | -24
Perfluor-n-1*C2-tetradecanoic acid (M2PFTeDA)| 715 | 670 -63 | -25
Perfluro-*C3-butanesulfonate (M3PFBS) 302 80 -94 | -55
Perfluoro-'*C3-hexanesulfonate (M3PFHxS) 402 80 -92 | -85
Perfluoro-'*C8-octanesulfonate (M8PFOS) 507 80 -78 | -100

Note: DP = Declustering Potential

CE = Collision Energy
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Figure 1
Extracted ion chromatogram of sediments spiked with 1.0 ng/g of the target analytes
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Results and Discussion

QUECHERS is a vortex-assisted solid-liquid extraction procedure
that uses acetonitrile, salts, and buffering agents for extraction,
phase-separation, and pH adjustment respectively. Extracts are
subsequently transferred to a dispersive solid phase extraction
(dSPE) tube containing a drying agent (MgSO,) and SPE sor-
bents such as C18 or PSA for sample cleanup.

The modified QUEChERS method presented here is a simple,
efficient, and cost-effective method for determining PFAS levels
in sediments. Accuracy and precision were assessed using four
replicates of sediments spiked with the target analytes. Average
% recoveries are all within the 80-120 % range and % RSDs for
all analytes are below 10 % (Table 3). Reporting limits were set
at 0.05ng/g dry weight based on a 2.0 g initial sample weight.

Conclusion

The sediment extraction using the modified QUEChERS method is
a fast, effective, and efficient way of extracting 19 perfluoroalkyl
substances from marine and river sediment matrices. The pro-
cedure significantly minimizes sample preparation time, solvent
consumption, and overall cost of analysis. Only minor modifica-
tions were made to the well-established QUEChERS method to
accommodate the target analytes. Excellent extraction recoveries
and precision were achieved and method reporting limits are in
the low ng/g range.

W For additional technical notes, visit www.phenomenex.com
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Belgium

+32 (0)2 503 4015 (French)
+32 (0)2 511 8666 (Dutch)
+31 (0)30-2383749
beinfo@phenomenex.com
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oo

13

+91 (0)40-3012 2400
+91 (0)40-3012 2411
indiainfo@phenomenex.com

b

Ireland

+353 (0)1 247 5405

+44 1625-501796
eireinfo@phenomenex.com

o

Italy

+39 051 6327511

+39 051 6327555
italiainfo@phenomenex.com

oot

Gemini® C18  00B-4439-A0  00M-4439-B0

5pm Microbore and Minibore Columns (mm)

oo

o

oo

30 x 2.0
00A-4439-B0

Gemini® HPLC Columns Ordering Information
3pm Microbore, Minibore and MidBore™ Columns (mm)

100 x 2.0
00B-4439-B0

Luna® HPLC Columns Ordering Information

250x1.0 30x 2.0 50 x 2.0

The Netherlands
+31 (0)30-2418700
+31 (0)30-2383749
nlinfo@phenomenex.com

New Zealand

+1(310) 328-7768
info@phenomenex.com

All other countries
Corporate Office USA [@]
+1(310) 212-0555

+1(310) 328-7768
info@phenomenex.com

150 x 2.0

00D-4439-B0  00F-4439-B0

150 x 2.0

2

®

SecurityGuard™ Cartridges (mm)
150 x 3.0
00F-4439-Y0

50 x 3.0
00B-4439-Y0

100 x 3.0
00D-4439-Y0

SecurityGuard™
Cartridges (mm)
4x2.0*

250 x 2.0
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4x2.0"
AJ0-7596

for ID: 2.0-3.0mm

Luna® C18(2) 00B-4252-A0 00F-4252-A0 00G-4252-A0 00A-4252-B0 00B-4252-B0  00F-4252-B0  00G-4252-B0 AJ0-4286
for ID: 2.0-3.0mm
roQ™ Extraction Kits
Extraction Kits contain fifty easy-pour salt packets and fifty 50 mL stand-alone
centrifuge tubes
Description Unit Part No.
Aust(r:)alia ) Lgﬁg)‘??omz'ﬁwoo EN 15662 Method Extraction Kits
t +61 (0)2-9428-6444 t+ - "
161 (0)2.0426.6445 131 (0}30-2383749 40gMgS0,,1.0g NaCl, 1.0 9 SCTD, 05§ SCDS | 50/pk | KS0-8909
auinfo@phenomenex.com nlinfo@phenomenex.com AOAC 2007.01 Method Extraction Kits
Austria Mexico 6.9 g MgS0,, 1.5 g NaOAc . ‘ 50/pk ‘ KS0-8911
t: +43 (0)1-319-1301 t: 01-800-844-5226 Original Non-Buffered Method Extraction Kits
f: +43 (0)1-319-1300 f: ?01 -.310-%8-;768 4.0 g MgS0,, 1.0 g NaCl ‘ 50/pk ‘ KS0-8910
f @ph . echicomx@phenomenex.com
anirage@phenomenex.com 6.0 g MgS0,, 1.5 g NaCl 50/pk KS0-8912

*AOAC and EN Extraction Kits also available in traditional non-collared 50 mL centrifuge tubes,

Part No.: KS0-8911-NC and KS0-8909-NC

roQ dSPE Kits

dSPE Kits contain pre-weighed sorbents/salts inside 2 mL or 15mL centrifuge tubes

Canada t: +64 (0)9-4780951 Description Unit Part No.
+] g?g; ggg-i’:eg; f: +64 (0)9-4780952 2mL dSPE Kits
+ -77 i
info@phenomenex.com nzinfo@phenomenex.com 150mg MgS0,, 25mg PSA, 25mg C18-E 100/pk KS0-8913
Norway 150mg MgS0,, 25 mg PSA, 2.5 mg GCB 100/pk KS0-8914
cgemfo 0-606.8099 t: +i7 2; ?00220605 150mg, MgS0,, 25mg PSA, 7.5mg GCB 100/pk KS0-8915
+ -606- f. +45 5
+86 (0)22 2532-1033 nordicinfo@phenomenex.com 150mg MgSO,, 25mg PSA 100/pk s
phen@agela.com 150mg MgS0,, 50 mg PSA, 50 mg C18-E, 50 mg GCB 100/pk KS0-8917
Puerto Rico 150mg MgS0,, 50mg PSA, 50mg C18-E 100/pk KS0-8918
Denmark t: +1(800) 541-HPLC 150mg MgS0,, 50 mg PSA, 50 mg GCB 100/pk KS0-8919
+45 4824 8048 f: +1 (310) 328-7768 150 mg MgSOA 50 mg PSA o 100/sk KS0-8920
- +45 4810 6265 info@phenomenex.com b
nordicinfo@phenomenex.com 15mL dSPE Kits
Spain 900 mg MgS0,, 150mg PSA, 150mg C18-E 50/pk KS0-8921
Finland t +34 91-413-8613 900mg MgSO0,, 150 mg PSA, 15mg GCB 50/pk KS0-8922
+358 (09 4789 0063 f: +34 91-413-2290 900 . Mgsdv 150 . PSA, 45 : GCB 50/pk KS0-8923
+45 4810 6265 espinfo@phenomenex.com mg Mgs,, 159 mg PSR, 49mg P -
nordicinfo@phenomenex.com 900 mg MgS0,, 150 mg PSA 50/pk KS0-8924
Sweden 1200 mg MgS0,, 400mg PSA, 400 mg C18-E, 400 mg GCB 50/pk KS0-8925
France t: +46 (0)8 611 6950 1200 mg MgSO0,, 400 mg PSA, 400 mg C18-E 50/pk KS0-8926
+33(0)130092110 f: +45 4810 6265 1200 0 Mgsow 400 . PSA, 400 . GCB 50/pk KS0-8927
+33(0)130 09 21 11 nordicinfo@phenomenex.com mg Mgs?,, 409 mg FSA, 290mg P :
franceinfo@phenomenex.com 1200 mg MgS0,, 400 mg PSA 50/pk KS0-8928
United Kingdom
G:gr%?&)yz 1.58830.0 t: +44 (0)1625-501367 Bulk roQ QUEChERS Sorbents
+ - - f: +44 (0)1625-501796 Phases 10 100
+49 (0)6021-58830-11 ukinfo@phenomenex.com C18-E — 04G 448
anfrage@phenomenex.com 3 -
USA GCB (Graphitized Carbon Black) 04D-4615 04G-4615
India t: +1 (310) 212-0555 PSA - 04G-4610

If Phenomenex products in this technical note do not provide
M n'tee at least an equivalent separation as compared to other prod-
ucts of the same phase and dimensions, return the product

with comparative data within 45 days for a FULL REFUND.

Terms and Conditions

Subject to Phenomenex Standard Terms and Conditions which may be viewed at

www.phenomenex.com/TermsAndConditions.

Trademarks

Luna and Gemini are registered trademarks, Krudkatcher, roQ, MidBore and Securi-

www.phenomenex.com

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com

tyGuard are trademarks of Phenomenex. QTRAP is a registered trademark of AB SCIEX
Pte. Ltd. AB SCIEX™ is being used under license. SecurityGuard is patented.

© 2017 Phenomenex, Inc. All rights reserved.
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