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Per- and polyfluoroalkyl substances (PFAS) are a group of anthropogenic chemi-
cals widely used as additives in consumer products like fire-fighting foam, fiber 
coating, cookware, paper finishing, food packaging (e. g. pizza cartons, paper 
cups), building material (e. g. water resistant lacquer). These persistent and bioac-
cumulative, anthropogenic pollutants are characterized by a linear aliphatic back-
bone, a high degree of fluorination and often feature a carboxylic or sulfonic acid 
functionality. PFAS present entail numerous analytical challenges, including their 
widespread presence in a variety of environmental samples, occurrence of isomers 
for some compounds and precursor transformations that may occur during preser-
vation and storage of the samples. There is also evidence that exposure to PFAS 
can lead to adverse human health effects. This is the reason why authorities in the 
US published variety of laws and regulations to protect public health and the  
environment [1]: 

	n   Safe Drinking Water Act 

	n   Toxic Substances Control Act (TSCA) 

	n   Comprehensive Environmental Response, Compensation and Liability Act 

	n   Clean Air Act 

To protect environment and human health, the environmental protection agen-
cy (EPA) has published an action plan for identifying and for understanding 
PFAS e. g. new approaches to address current PFAS contamination, to pre-
vent future contamination and to effectively communicate with the public 
about PFAS [2]. There is a need for robust and fast analytical methods to 
ensure accurate quantitation of low levels. Therefore, EPA recommends 
two methods to detect PFAS from drinking water by solid phase ext-
raction (SPE) and liquid chromatography/tandem mass spectrometry 
(LC/MS/MS) [3, 4]. This work presents the analysis of PFAS from 
drinking water according to directive EPA method 533. It shows 
high recoveries using a weak anion exchanger based on a polys-
tyrene-divinylbenzene copolymer (PS / ​DVB) in SPE columns for 
the enrichment of PFAS from water samples. These mixed-mo-
de SPE phases successfully combine several interactions like ionic, 
hydrophobic and π–π. The extracts are finally analyzed by HPLC-MS/MS.

Sample pretreatment for solid phase extraction (SPE)
	n   �Samples are preserved, collected and stored as presented in polypropylene bottles.

	n   �Add ammonium acetate (1.0 g/L) to the sample. Ammonium acetate will  
sequester free chlorine to form chloramine. 

	n �  �Verify that the sample containing 1 g/L ammonium acetate has a pH between 6.0 
and 8.0. Acetic acid may be added as needed to adjust the pH. 

	n   �Add 20 µL organic standard solution* (β = 25.0 ng/mL in methanol for each com-
pound) to the 250 mL water sample. 

*Contains native and isotopically labeled per- and polyfluoroalkyl substances. 

Solid phase extraction 
Column: CHROMABOND® HR-XAW, 85 µm, 6 mL, 500 mg, (REF 730745) 
CHROMABOND® HR-XAW, 45 µm, 3 mL, 200 mg, (REF 730748P45) 

Conditioning: Rinse each cartridge with 10 mL methanol, 10 mL of aqueous 0.1 M 
phosphate buffer. Close the valve and add 2–3 mL of phosphate buffer (pH 7.0)* to 
the cartridge reservoir and fill the remaining volume with reagent water. 

*Mix 500 mL of 0.1 M dibasic sodium phosphate with approximately 275 mL of 0.1 M monobasic sodium 
phosphate. Verify that the solution pH is approximately 7.0. 

Sample application: Attach the reservoir cartridges, turn on the vacuum, and begin 
adding the 250 mL water sample with a flow rate of 5 mL/min to the cartridge. Do not 
allow the cartridge to run dry before all the sample has passed through. 

Sample bottle and cartridge rinse: After the entire sample has passed through the 
cartridge, rinse the sample bottles and the transfer cartridges with aliquots of 1 g/L 
ammonium acetate in water and draw each aliquot through the SPE columns. Add 
1 mL of methanol to the sample bottle and draw through the transfer cartridge and 
SPE cartridge. Draw air or nitrogen through the cartridge for 5 min at high vacuum 
(15–20 inches Hg). 
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Figure 1: Recovery rates of PFAS according to EPA 533 method for drinking water using SPE column, 
CHROMABOND® HR-XAW, 45 µm, 3 mL/200 mg (spiked with 0.5 ng for each compound in 0.25 L water, 
n=5).

Figure 2: Recovery rates of PFAS according to EPA 533 method for drinking water using SPE column, 
CHROMABOND® HR-XAW, 85 µm, 6 mL/500 mg (spiked with 0.5 ng for each compound in 0.25 L water, 
n=5).
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Figure 3: Recovery rates of further PFAS* according to EPA 533 method for drinking water using SPE column, 
CHROMABOND® HR-XAW, 45 µm, 3 mL/200 mg (spiked with 0.5 ng for each compound in 0.25 L water, n=5). 
* not specified in EPA method 533

Figure 4: Recovery rates of further PFAS* according to EPA 533 method for drinking water using SPE column, 
CHROMABOND® HR-XAW, 85 µm, 6 mL/500 mg (spiked with 0.5 ng for each compound in 0.25 L water, n=5). 
* not specified in EPA method 533

Sample bottle and cartridge elution: Rinse the sample bottles and the transfer cartrid-
ge with 5 mL of methanol with 2 % ammonium hydroxide (v/v) and elute the analytes 
from the cartridges by pulling the 5 mL of methanol with 2 % ammonium hydroxide 
(v/v) through the SPE column. Use a low vacuum such that the solvent exits the car-
tridge in a dropwise fashion. Repeat sample bottle rinse and cartridge elution with a 
second 5 mL aliquot of methanol with 2 % ammonium hydroxide (v/v). 

Eluent exchange: Evaporate eluate to dryness at 40 °C under a stream of nitrogen 
and dissolve residue in 0.5 mL methanol.

Analysis by HPLC-MS / ​MS

Chromatographic conditions

Delay column EC 50/2 NUCLEODUR® PFAS Delay , 5 µm (REF 760673.20)

Analytical column EC 100/2 NUCLEODUR® PFAS, 3 µm (REF 760666.20) 

Eluent A 5 mM ammonium acetate in water

Eluent B 5 mM ammonium acetate in methanol 

Gradient Hold 40 % B for 1.0 min, in 8 min from 40 % B to 95 % B, hold 
95 % B for 3.0 min, in 0.1 min to 40 % B, hold 40 % B for 2.9 min 

Sample solution Mixture of PFAS in methanol, concentration 1 ng/mL for each 
compound

Flow rate 0.3 mL/min

Temperature 40 °C

Injection volume 2 μL

Conclusion
This application note presents the reliable and successful determination of per- and 
polyfluoroalkyl substances (PFAS) from drinking water according to EPA method 
533. By using CHROMABOND® HR-XAW SPE columns, it was possible to 
achieve high recovery rates for PFAS from drinking water with good  
reproducibility. The used SPE phase, a weak anion exchanger 
based on a polystyrene-divinylbenzene copolymer (PS / ​
DVB), is excellently suited for the enrichment of PFAS 
from water samples. This mixed-mode SPE phase  
successfully combines the required retention  
modes, ion exchange and reversed  
phase. The work shows that both 
tested SPE column dimensions, 
CHROMABOND® HR-XAW, 45 µm, 
3 mL/200 mg and CHROMABOND®  
HR-XAW, 85 µm, 6 mL/500 mg, ful-
fill the analytical requirements of EPA  
method 533. Most of the PFAS show  
recovery rates between 80 % and 
120 %. Further tests showed that 
good results could also be obtained for  
several other analytes with the  
before-mentioned SPE products. 

The chromatographic separation of PFAS 
was performed by using NUCLEODUR® 
PFAS HPLC column. This phase is  
specially suitable for the analysis of PFAS  
compounds. It shows high retention for  
polar PFAS, high MS intensity and excel-
lent batch-to-batch reproducibility. Contami-
nants from an LC system, especially PFOA, are 
separated from sample analytes by implementing an iso-
lator column, NUCLEODUR® PFAS Delay. In summary, the  
presented application shows that the utilized SPE and HPLC products  
allow a reliable and successful determination of per- and polyfluoroalkyl substan-
ces (PFAS) from drinking water according to EPA method 533.

sss

To see complete application note,  
please scan the following QR-code:

Product information 
The following MACHEREY‑NAGEL products have been used in this application note: 
REF 760673.20 EC 50/2 NUCLEODUR® PFAS Delay 

REF 760666.20 EC 100/2 NUCLEODUR® PFAS  
REF 730748P45 CHROMABOND® HR-XAW, 45µm, 3 mL, 200 mg  
REF 730745 CHROMABOND® HR- XAW 85 µm, 6 mL, 500 mg  
REF 730382 Reservoir columns, 70 mL with adaptor for 1, 3, 6 mL 
CHROMABOND® SPE PP columns  

REF 702402 Screw closure, N 9, PP, blue, c. hole, Sili. w. / ​Polyimide oran-
ge,1.0 mm, flourine-free  

REF 702009 Screw neck vial, N 9, 11.6 x 32.0 mm, 0.3 mL, 
inner cone, PP tr.

MACHEREY‑NAGEL shall not be liable for errors 
contained herein or for incidental or consequen-

tial damages in connection with the furnishing, 
performance, or use of this material. Informa-

tion, descriptions, and specifications in this 
publication are subject to change without 
notice.
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Visit our PFAS landing page to find MN related products for  
PFAS analysis: https://www.mn-net.com/pfas
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Robust determination of PFAS substances in drinking water 
using SPE and HPLC-MS/MS according to EPA 533
MACHEREY‑NAGEL application department · Dr. H. R. Wollseifen, T. Kretschmer, L. Emmerich
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