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PLD+ for PFAS Extended Panel Recovery 
Using Original Workflow
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PLD+ for PFAS Extended Panel Recovery
2nd Extraction Aliquot

2nd extract ACN 2nd extract MeOH 2nd extract IPA 2nd extract acetone
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PLD+ for PFAS Extended Panel Recovery
2nd Extraction Aliquot

2nd extract THF 2nd extract EtAc 2nd extract MtBE 2nd extract DCM
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PLD+ for PFAS Extended Panel Recovery,
2nd Blended Non-Polar Aliquot

MTBE 95:5 MeOH MTBE 90:10 MeOH MTBE 80:20 MeOH MTBE 60:40 MeOH
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PLD+ for PFAS Extended Panel Recovery,
2nd Blended Aliquot Volume

90:10 MTBE/MeOH 500uL 90:10 MTBE/MeOH 600uL 90:10 MTBE/MeOH 700uL 90:10 MTBE/MeOH 800uL
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PLD+ for PFAS Extended Panel,
Evaporation Recovery Varying Keeper Solvent

10 uL DMF recon 70:30 10 uL DMF recon 50:50 10 uL glycol recon 70:30 10 uL glycol recon 50:50
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PLD+ for PFAS Extended Panel Recovery,
Optimized Workflow
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PLD+ for PFAS Extended Panel Recovery,
Single Injection Workflow (Extract 1+2)

extract 2 dry/recon in extract 1
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PLD+ for PFAS Extended Panel Recovery,
2-Injection Workflow

Extract 1 (1:7 ACN) 2nd MTBE 90:10 (10 uL DMF)

Introduction 
PFAS targets are of concern because of their high persistence, 
bioaccumulation and slow elimination with potential impacts on 
human and environmental health. Recently, human exposure has 
been linked with changes in metabolism, increased cholesterol, and 
high incidence of some forms of cancer. This poster presents a novel 
method for the simultaneous determination of long and short chain 
PFAS in human serum at clinically relevant levels. ISOLUTE® PLD+ for 
PFAS, due to its optimised sorbent chemistry and functionality, 
allows a simple solvent crash/filtration-based workflow. With subtle 
modification to allow suitable extraction of challenging longer chain 
PFAS targets we have developed a robust, high-sensitivity method 
for the clean-up of 36 PFAS compounds  from human serum. 

Experimental 
36 PFAS standards were purchased from Wellington Laboratories 
(Guelph, Canada). The suite contains 10 classes of PFAS, varying by 
functionality, including: carboxylic acids, sulfonic acids and 
telomers, sulfonamides, and ethoxy compounds. 

Reagents 
Reagents were purchased from Merck Life Science (Gillingham, UK). 
LC/MS grade solvents were from Rathburn Chemicals Ltd. 
(Walkerburn, UK). Water (18.2 MΩ.cm) was drawn fresh daily from a 
Direct-Q 5 water purifier (Merck Life Science UK, Watford, UK). Serum 
was purchased from Welsh Blood Service (Pontyclun, UK).  

Sample Preparation 
Multifunctional sorbent clean-up: 
ISOLUTE® PLD+ for PFAS 96-well plate, 50 mg (919-0050-P01). Serum 
was spiked with standards and used without pre-treatment. 
Processing conditions: 
96-well plates were processed using a Biotage® PRESSURE+ 96 
positive pressure manifold.  
Table 1. Optimized Extraction Protocols for 100 µL Serum. 

Processing Single Injection 
Workflow 

Dual Injection 
Workflow 

Original Method 
Workflow 

Solvent First 400 (or 700) µL ACN 400 (or 700) µL ACN 700 µL ACN 
PRESSURE+ 96 Mix x3, wait 5 min, 4 psi 5 min, 8 psi to complete 

Extract 1 workup Cap and retain Direct inject 1:4 ACN or dilute 1:1 20 mM NH4AC 
Extract 2 600 µL 90:10 MTBE/MeOH (10 µL DMF or glycol) NA 

PRESSURE+ 96 2 psi 1 min, 4 psi to complete NA 

Extract 2 workup Dry/recon in  
Extract 1 

Dry/recon in  
70% MeOH (400 µL) NA 

LC-MS/MS Inject 1x 5 µL Inject 2x 5 or 10 µL Inject 1x 5 µL 

LC/MS Conditions 

Instrument: Shimadzu Nexera UHPLC using fluoropolymer-free 
tubing and a pre-injector trap column coupled to an AB Sciex 5500 
triple quadrupole MS system. 

Column: Avantor ACE Ultracore SuperC18, 2.5 µm (100 x 2.1 mm) 
Mobile Phase: A: 5 mM ammonium acetate (aq) 
Mobile Phase B: methanol (MeOH) 
Injection volume: 5 µL 
Flow rate: 0.4 mL min-1 
Gradient: 5% B to 95% B (0.05 min to 7.8 min) 

Source parameters (TurboIonspray): 
IS: -3500 V TEM: 500 °C  
CUR: 40 psi GS1: 50 psi  GS2: 50 psi  
MRM transitions: Optimized MRM transitions were selected using the 
most intense precursor ions in negative ionization mode, available 
on request. 

Results 
Original Workflow 
A previously developed protocol was used as a start point for 
method development. 100 µL of serum was precipitated with 
acetonitrile (1:7 ratio) and extracted using PLD+ for PFAS, followed by 
1:1 dilution with 20 mM NH4AC for analysis. Recoveries of carbon 
chains up to PFTeDA (14C) were 78-90%, RSDs were below 10%, but 
PFAS >14C demonstrated minimal recoveries (Figure 1). Matrix factors 
were typically 1.0-1.5 relative to dilute standards. 

Figure 1. PFAS recovery 
profile and RSD from serum 
using original method 
workflow (Table 1), spike 
1.6 ng mL-1. 
 

Multifunctional Sorbent Optimization 
Firstly, the extraction method was modified to incorporate 
additional solvent volumes and aliquots. Addition of a second ACN 
extraction aliquot increased recoveries of PFHxDA (16C) by between 
5-16%. Evaluation of other polar solvents increased recovery by 
between 20-60%, PFODA (18C) remained unrecovered (Figure 2). 

Figure 2. PFAS 
Recovery incorporating 
a 2nd aliqot of a polar 
solvent, 100 ng mL-1 
PFHxDA/PFODA, 
10 ng mL-1 others. 

Using a non-polar solvent as the second extraction aliquot 
increased recovery of PFAS >14C by between 5-82%, with PFODA 
recovery by 5-51% (Figure 3).  

Figure 3. Recovery 
using ISOLUTE® PLD+ 
for PFAS incorporating 
a 2nd aliqot of a non-
polar solvent, 100 
ng mL-1 
PFHxDA/PFODA, 
10 ng mL-1 others. 

MTBE as a second solvent aliquot provided the greatest potential for 
further optimization. MTBE was modified with increasing 
proportions of methanol as a polar solvent (5-40%). These 
modifications demonstrated recoveries between 34-90% for PFAS 
>14C (Figure 4).  

Figure 4. Recovery using 
ISOLUTE® PLD+ for PFAS 
incorporating a 2nd aliqot 
of blended MTBE:MeOH, 
100 ng mL-1 
PFHxDA/PFODA, 10 ng mL-

1 others. 

90:10 MTBE/MeOH demonstrated the best combination of recovery, 
RSD (PFAS >14C 7-15%), and total signal (data not shown). The 
optimum extraction volume of 90:10 MTBE/MeOH was determined to 
be 600 µL (Figure 5), compared to typical 1st aliquot volumes of 500 
to 800 µL. 

Figure 5. Recovery 
using ISOLUTE® PLD+ 
for PFAS varying 2nd 
aliqot volume, 100 
ng mL-1 
PFHxDA/PFODA, 
10 ng mL-1 others. 

Workflow Optimization 
Evaporation and reconstitution conditions were reinvestigated to 
enhance sample repeatability and assay performance. Some >14C 
PFAS RSD were around 15% when evaporating standards from pure 
solvent. Introduction of a keeper solvent to prevent full evaporation 
reduced RSD to below <5%. DMF demonstrated consistent recoveries 
for the greatest number of PFAS classes (Figure 6). Glycol can 
demonstrate lower RSD and higher evaporation recovery for some 
PFAS classes. 

Figure 6. Evaporation 
Recovery from 90:10 
MTBE/MeOH varying 
comparing keeper 
solvent, 100 ng mL-1 
PFHxDA/PFODA, 
10 ng mL-1 others. 

Workflow was compared injecting fractions separately (Figure 7), 
PFODA demonstrates good recovery, however PFHxDA recovery is 
split between fraction 1 and 2. RSD are typically <10%, most matrix 
factors are between 1 and 1.5 (not shown). 

Figure 7. Recovery using 
ISOLUTE® PLD+ for PFAS with 
a dual extract workflow, each 
injected separately, 100 
ng mL-1 PFHxDA/PFODA, 
10 ng mL-1 others. 

To address the split recovery of PHFxDA, a workflow incorporating 
combined extracts was investigated: the 1st extract (ACN) was 
retained and used to reconstitute the 2nd extract (90:10 
MTBE/MeOH) after evaporation (Figure 8). Recoveries for all PFAS in 
the suite were 80-102%, RSD were <8%, matrix factors were typically 
1.0 to 1.5 (not shown). Combining extract 2 in extract 1 effects a 
simple LC-MS workflow with no loss of recovery for PFAS >14C. 

Figure 8. Recovery using 
ISOLUTE® PLD+ for PFAS 
Using a dual extract workflow, 
single injection, 100 ng mL-1 
PFHxDA/PFODA, 10 ng mL-1 
others. 

Using the optimized protocol, extracting 100 µL serum with 400 µL 
acetonitrile followed by MTBE/MeOH analyte recoveries were 
typically 70-90% with RSD <5% (Figure 9). 

Figure 9. Recovery using 
ISOLUTE® PLD+ for PFAS 
Using a dual extract workflow, 
single injection, 100 ng mL-1 
PFHxDA/PFODA, 10 ng mL-1 
others. 

Matrix Removal 
Excellent matrix depletion of phospholipids, lyso-phospholipids, 
and protein was demonstrated (Figure 10). Depletion is enhanced 
extracting 1:7 ACN at the expense of total signal (not shown). 
 
1:4                   Extract 1:                           Extract 2 

 
 
 
 
 

1:7                   Extract 1:                           Extract 2 

 

 
 
Figure 10. Comparative matrix profiles for PFAS extraction (100 μL): 
phospholipids (L) proteins (R). 
 

Conclusion 
» This poster demonstrates enhanced extraction efficiency of long 

chain serum PFAS in a single LC-MS acquisition, through 
optimized solvent selection using a multifunctional sorbent. 

» Methods accommodate various workflows depending on exact 
application needs: dual acquisition for separation performance, 
evaporation/reconstitution for sensitivity.  

» ISOLUTE® PLD+ for PFAS demonstrates enhanced cleanliness 
compared to dilute-and-shoot methodology leading to more 
robust methods. 
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