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PFAS Analytical 
Challenges: Regulations 
and Methods Unravelled

Per- and polyfluorinated alkyl substances (PFAS) are manufactured 
chemicals that have been used in a wide variety of common consumer 
products and industrial activities. Known as “forever chemicals” because 
they do not breakdown and can bioaccumulate, their impact to the 
environment and human health has been under the microscope in recent 
months. PFAS have made their way into public drinking water supplies, 
with estimates that over 200 million Americans have tap water that is 
contaminated. Testing for PFAS is an incredible challenge and laboratories 
must be ready to meet demands for sample throughput, trace detection, 
and complex matrices, all while keeping pace with regulations. By utilizing 
the sensitivity and specificity of liquid chromatography coupled to tandem 
mass spectrometry (LC–MS/MS), analytical chemists can successfully identify 
and measure PFAS and adapt to the evolving regulatory requirements for a 
wide variety of sample matrices.

Jenifer Lewis, Waters Corporation, Milford, Massachusetts, USA

fabrics waterproof, and they are used to 
create highly effective firefighting foams. 
The widespread use of these chemicals 
has resulted in deposition into the 
environment, where they have eventually 
found their way into public drinking water 
and food supplies. This broad category of 

Per- and polyfluorinated alkyl substances 
(PFAS) are manufactured chemicals that 
have been used in a variety of common 
consumer products since the 1940s. 
For example, they keep food from 
sticking to cookware and packaging, 
they make carpets stain-resistant and ru
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chemicals is highly suspected of having 
adverse health impacts, such as immune 
suppression, liver damage, thyroid disease, 
increased cholesterol, and cancer. Because 
of the strength of the carbon-fluorine 
bond, PFAS compounds do not readily 
degrade and are persistent in the 
environment, earning them the nickname 
“forever chemicals”. 

What are these Chemicals and How 
Widespread is the Impact?
There is no specific or universally accepted 
definition of what determines a chemical 
to be categorized as a PFAS moiety. It 
is generally recognized to be a chemical 
that has a carbon-fluorine hydrocarbon 
chain attached to a functional group. 
Examples are carboxylic, sulfonic, and 
phosphinic acids, or ethers, sulphates, 
and phosphates. Early interest in PFAS 
chemicals was traditionally on two 
prevalent compounds: perfluorooctanoic 
acid (PFOA), primarily associated with the 
manufacture of non-stick coatings, and 
perfluorooctanesulfonic acid (PFOS), a  
main component in firefighting foams. 
These compounds have hydrocarbon 
chains that are fully fluorinated, 
meaning all hydrogens are substituted 
by a fluorine, and are referred to as PFCs 
(perfluoro-chemicals). 

As scientists have continued to explore 
where and how fluorochemicals have 
been or are currently used, the family of 
PFAS chemicals that are of interest has 
grown significantly and now includes 
per- and polyfluorinated versions of 
many classes of hydrocarbons. The US 
Environmental Protection Agency (EPA) 
Master List of PFAS Substances includes 
over 5000 chemicals whose structures 
have been defined, and research continues 
to elucidate even more with powerful 
analytical techniques. 

Grass roots efforts to educate 
communities on environmental releases and 
impacts has meant that public awareness 
is high regarding human exposure, and 
communities and environmental groups 
are pressing for the removal of these 
contaminants from their drinking water and 
food supplies. Recent reports estimate there 
are over 2800 water sources contaminated 
with PFAS throughout 50 states in the US, 
affecting 200 million people (1). 

US Regulations at the Federal and 
State Level
Along with many countries around the 
world, the United States are putting in 
place the regulatory framework needed to 
protect the environment and populations 
from exposure to these harmful chemicals.
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The EPA established the PFAS Action 
Plan in early 2019 in response to growing 
public concern. According to the EPA, 
“This Action Plan describes the EPA’s 
approach to identifying and understanding 
PFAS, approaches to addressing 
current PFAS contamination, preventing 
future contamination, and effectively 
communicating with the public about 
PFAS”(2). In October 2021, EPA released 
their PFAS Strategic Roadmap, outlining 
a commitment to actions focused on the 
research, restriction, and remediation of 
PFAS (3). 

While significant progress has been made 
towards understanding the universe of these 

chemicals, and techniques to remediate 
or remove them are improving, there are 
no federal regulations yet established for 
protecting drinking water sources and 
supplies, or other environmental matrices. 
Although the EPA established a health 
advisory level of 70 parts per trillion (ppt) for 
PFOS, PFOA, or a combination of the two 
chemicals in drinking water, as an advisory 
guideline, there is no enforcement or 
monitoring mandate. 

To fill this gap, many US states that 
have known releases of these chemicals 
impacting public and private drinking water 
sources have taken the lead on establishing 
regulations to protect their water supplies 

and provide a legal framework for 
enforcing cleanup. Under the Safe Drinking 
Water Act, individual states can implement 
their own regulations as long as they 
meet or exceed federal standards, and 
this is happening in lieu of federal action. 
Currently, 38 states have policies in place 
for addressing PFAS in the environment, 
nine have established legally enforceable 
maximum contaminant levels (MCLs) for 
PFAS chemicals in drinking water, and 
MCL regulations are in progress in four 
more. Many of these regulations include 
compounds used as replacements for PFOA 
or PFOS, such as hexafluoropropylene 
oxide dimer acid (GenX), and shorter chain 

variations, and are set as low as 6 ppt 
(Michigan) or 13 ppt (New Jersey), for 
example. 

Some states, like Maine, have banned 
PFAS chemicals from use in consumer 
products, with other states considering 
putting a similar ban into law. 

Global Perspective
As in the United States, regulations are 
being driven by growing public awareness 
of sites where these chemicals have been 
released and are now impacting water 
sources, food supplies, and public health. 
Some countries are moving faster than 
others. For example, the European Union, 
Canada, and Australia have all begun 
tightening controls over these chemicals, 
establishing regulations for water, food, 
and food packaging materials, potentially 
banning the use of these chemicals, and 
initiating management plans and further 
studies to respond to the growing evidence 
of health impacts. 

In Asia, research on use and impact is 
ongoing but regulations are lacking. Many 
countries are part of the International 
Pollutants Elimination Network (IPEN), 
however, and this organization provided a 
comprehensive report in 2019 highlighting 
concerns about the prevalence of 
substances in Asia (4).

Table 1: Summary of current PFAS methods

EPA 537.1 EPA 533 EPA 8327 EPA 1633 ASTM  
7979, 8421 ASTM 7968 ISO 25101 ISO 21675

Matrix Drinking water Drinking water
Non- 

potable water
Non-potable 

water

Drinking and 
non-potable 

water
Soils

Drinking and 
non-potable 

water

Drinking and 
non-potable 

water

Prep SPE - PS2 SPE - WAX Dilute, filter
SPE - WAX,  

carbon cleanup
Dilute, filter Dilute, filter SPE - WAX SPE - WAX

Method 
Available?

Yes Yes Yes Yes Yes Yes Yes Yes

Waters 
Collateral

App Note 
720006695en

App Note 
720006808en

App Note 
720006329en

Method 1633
App Note 

720006392en
App Note 

720006764en
App Note 

720006471en
App Note 

720006471en

Column
BEH C18 2.1 × 

100mm
BEH C18 2.1 × 

100mm
BEH C18 2.1 × 

100mm
BEH C18 2.1 × 

100mm

CSH Phenyl 
Hexyl 2.1 × 

100mm

CSH Phenyl 
Hexyl 2.1 × 

100mm

BEH C18 2.1 × 
100mm

BEH C18 2.1 × 
100mm

Number of 
compounds

18 25 24 40 24 or 44 24 2 30
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Testing Methods: A Variety of 
Solutions Using LC–MS/MS (5)
As research continues and regulations 
develop around PFAS, there is an increasing 
need for robust, reliable methods that 
support the detection of these chemicals 
in a wide variety of matrices at ultralow 
concentrations. Liquid chromatography 
coupled to tandem mass spectrometry 
(LC–MS/MS) is the ideal analytical solution 
for delivering high sensitivity and analyte 
specificity for these types of chemicals. 
Tandem MS technology is an uncomplicated 
platform that is easy to operate and 
designed for demanding quantitative 
applications. Not only are chromatographic 
interferences common to environmental 
samples reduced with multiple reaction 
monitoring (MRM), this technology also has 
wide dynamic ranges that can handle high 
concentration samples. 

Agencies like ASTM (American Society for 
Testing and Materials) and ISO (International 
Organization for Standardization), along 
with the EPA, have utilized the sensitivity 
and robustness of tandem quadrupole 
mass spectrometry technology to develop 
methods that can analyze a wide range 
of complex matrices, and that today cover 
upwards of 40 or more PFAS that have been 
identified as being significant for monitoring 
due to known release, use, or toxicity. 

Early methods focused on legacy, longer 
chain PFAS for drinking water matrices 
only. EPA method 537 (6) was published 
in 2009 for testing drinking water for 14 
compounds. Testing demands, however, 
quickly expanded beyond that scope, 
with researchers and laboratories being 
challenged to test more complicated 
matrices (wastewater, soil, landfill 
leachates, biota), for an increasing variety 
of new and emerging PFAS chemicals, and 
to reach ultralow detection limits of 1 ppt 
or less. In response to the evolving science, 
the EPA developed additional, more 
comprehensive methods, acknowledging 
the need to test for emerging PFAS 
chemicals and for workflows to handle a 
wide range of environmental matrices. 

Because monitoring water sources for 
PFAS contamination is vital for ensuring 
communities have access to clean water, 
EPA focused on drinking water testing 
and released method 533 in 2019 (7). It 
is a prescriptive testing protocol for an 
expanded group of PFAS chemicals (25) in 
public drinking water sources. By August 
2021, in collaboration with the Department 
of Defense, EPA released method draft 
1633 (8), a method designed to test for 
40 individual PFAS compounds in a full 
suite of environmental media, including all 
non-potable water sources, soil, sediment, 
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Emerging and Novel PFAS Discovery 
Through Nontarget Screening 
Traditionally, environmental analytical 
workflows have been designed to test 
for a defined list of chemicals or target 
analytes. Once a chemical release or 
exposure has been brought to light, 
methods are set up to test for these 
specific chemicals. Today, researchers and 
environmental scientists working to gain 
a fuller understanding of potential human 
exposure to chemical compounds can utilize 
high resolution mass spectrometry (HRMS) 
tools to proactively search for these yet 
undiscovered chemicals in environmental, 
residential, and biological media. 

Chemical and toxicological information 
pertaining to the newer formulated PFAS 
products is often not widely available, 
therefore, the use of analytical methods 
that can provide data on nontargeted 
analytes as well as targeted analytes is 
beneficial and can help to fully assess 
the environmental distribution of this 
class of compounds. HRMS coupled to 
UHPLC can be used to elucidate novel 
PFAS compounds. Software libraries 
consisting of accurate masses of molecular 
ions, fragment ions, isotope patterns, 
and retention times are continually being 
updated, and are available to begin 
assigning putative identifications to the 

matrices, they involve some complicated 
sample preparation and data handling 
steps that may not be needed for all PFAS 
testing programmes, and may be more 
costly or difficult for some laboratories  
to implement. 

As an alternative, in December 2021, 
ASTM announced they will be publishing 
a new simple, efficient, high-throughput 
method for testing non-potable water 
samples for PFAS, coded ASTM-D8421 
(9). The method builds on earlier work 
published as ASTM-D7979, which covered 
24 legacy PFAS. Now 44 emerging 
plus legacy PFAS chemicals of concern 
can be successfully analyzed with 
ASTM-D8421. Because ultrahigh-pressure 
liquid chromatography (UHPLC)–MS/
MS platforms are exceptionally sensitive, 
co-solvation direct injection of samples 
can be performed, eliminating complicated 
solid-phase extraction with no compromise 
in meeting trace-level detection of 
these chemicals. This method provides 
laboratories with a cost-effective means 
for supporting high-throughput testing of 
water samples in support of investigative 
work assessing, remediating, and 
monitoring water supplies and sources for 
PFAS contamination.

Table 1 provides a quick summary of 
available methods.

landfill leachates, biosolids, and fish 
tissue samples. Both methods employ a 
sample enrichment step as part of the 
sample preparation to achieve ultralow 
level detections—typically concentrating 
250 mL of water into a 1 mL aliquot prior 
to analysis. A weak anion exchange resin 
(WAX) must be used as the solid-phase 
extraction media to fully recover the 
extended list of long- and shorter chain 
analytes of various chemistries. 

Isotope dilution is incorporated into 
these methods as a strategy for increasing 
the accuracy of quantitation in samples 
that have coextracted organics or other 
materials that may interfere with or 
suppress the detection of the target 
compounds. Known amounts of isotopically 
enriched PFAS substances are added to the 
original sample (usually C13 substituted), 
and carried through extraction and 
analysis, where their recovery can then be 
measured and used to correct the parent 
compound for any matrix suppression that 
may have occurred in that specific sample. 

EPA methods are required by regulatory 
programmes, such as the Safe Drinking 
Water Act and the Department of 
Defense for military site investigations, 
and are widely implemented and in use 
today. While they produce reliable results 
for many types of PFAS in a variety of 
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K. Organtini, K. Rosnack, and S. Hird, 

“Approaches to Non-targeted Analyses of 

Per- and Polyfluoroalkyl Substances (PFAS) 

in Environmental Samples” Waters Corp 

Application Note 720007184en.

Jenifer Lewis is Senior Environmental 
Market Development Manager at 
Waters Corporation.

Extraction and Liquid Chromatography-Tandem 

Mass Spectrometry” (USEPA, November 2019).

8. EPA Draft Method 1633, “Analysis of Per- and 

Polyfluoroalkyl Substances (PFAS) in Aqueous, 

Solid, Biosolids, and Tissue Samples by LC-MS/MS” 

(USEPA, August 2021).

9. ASTM D8421, “Standard Test Method for 

Determination of Per- and Polyfluoroalkyl 

Substances (PFAS) in Aqueous Matrices by Co-

solvation followed by Liquid Chromatography 

Tandem Mass Spectrometry (LC/MS/MS)” 

(November 2021).

10. M. Twohig, G. Fujimoto, A. Mohan, 

mixer. This delays the elution of any PFAS 
contaminants coming from the LC system 
or mobile phase, enough to provide 
chromatographic resolution between the 
presumptive PFAS peaks in samples and the 
residual background.
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components detected. Further discovery of 
PFAS not present in such libraries can be 
achieved by automatic searching of external 
databases, aided with additional MS details 
including common fragments, neutral loss, 
and mass defect searching (10). 

PFAS are Everywhere
Background contamination from materials 
in laboratories testing for PFAS is of 
particular concern given that the limits of 
detection are so low. PFAS may be found 
at trace-levels as impurities in a variety of 
products and commonly used laboratory 
items, including any polytetrafluoroethylene 
(PTFE) products or materials (bottles, caps, 
solvent lines), aluminium foil, permanent 
markers, and methanol as just a few 
examples. Laboratories must take care to 
reduce or eliminate sources of background 
PFAS to ensure the accuracy of their results.

UHPLC systems can also be a source 
of background interference and should 
be outfitted with a PFAS kit to reduce or 
remove any background PFAS attributed 
to PTFE components. Mobile phase tubing 
should be PEEK tubing to eliminate this 
as a source. Additionally, since other 
PTFE-coated pieces inside the LC system 
cannot be removed, an isolator column in 
combination with a stainless-steel solvent 
delay coil can be installed after the solvent 

E-mail: Jenifer_Lewis@waters.com
Website: www.waters.com/pfas
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Determination of PFAS 
in Water According to 
EU 2020/2184 and DIN 
38407-42 Using Online 
SPE–LC–MS/MS

The EU Drinking Water Directive (EU 2020/2184) has set a limit of 0.1 µg/L 
for the sum of 20 per- and polyfluoroalkyl substances (PFAS) deemed of 
highest concern. In the work described here, the listed perfluorinated 
carbonic and sulfonic acids were determined by an automated method 
based on solid-phase extraction (SPE) with weak anion exchange sorbent 
combined with liquid chromatography tandem mass spectrometry (LC–MS/
MS). Comprehensive rinse cycles with effluent recovery ensured inclusion 
of surface adsorbed analytes while minimizing sample-to-sample carryover. 
The required quantification limit of 1.5 ng/L was reached for all listed 
analytes and method accuracy was demonstrated based on analysis of 
spiked tap water and surface water samples.

Thomas Brandsch, Gerstel GmbH & Co. KG, Mülheim an der Ruhr, Germany

properties that make them oil- and 
water-repellant as well as heat-resistant. 
This makes them suited for many household 

Per- and polyfluoroalkyl substances (PFAS) are 
a family of highly fluorinated anthropogenic 
chemicals with special physicochemical ke
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and industrial applications. PFAS have been 
incorporated into commercial products such 
as nonstick cookware, food packaging, 
carpeting, cleaning products, and firefighting 
foams. Unfortunately, PFAS are both soluble 
in water and persistent, helping them to 
spread globally. PFAS are found not only in 
the environment but also in food and animal 
feed, in humans, and in wildlife. 

PFAS are toxic, posing a threat to humans 
and to the environment. Among many other 
precautions, our drinking water must be 
monitored for their presence and the new 
EU Drinking Water Directive (EU 2020/2184) 
(1) includes maximum limits for total PFAS 
of 0.5 µg/L. For the sum of 20 PFAS of most 
concern the maximum limit is 0.1 µg/L, which 
requires a limit of detection (LOD) of 30 ng/L 
for the sum and 1.5 ng/L for individual 
compounds. Environmentally relevant PFAS 
should be determined not only in clean 
drinking water but also in ground-, surface-, 
and wastewater, which means that interfering 
compounds and matrix will need to be 
separated. One technique that can be used 
to meet these requirements is solid-phase 
extraction (SPE), which is used in the DIN 
38407-42 method (2). Due to the anionic 
properties of the analytes to be determined, 
weak anion exchange (WAX) resins are used. 
Following analyte concentration, the SPE 
cartridges must be very efficiently rinsed with 

solvent. The elution is then performed using a 
solution of ammonia in methanol.

Unlike traditional SPE, online SPE relies on 
smaller cartridges inserted into the eluent 
flow path that can be eluted directly onto 
the high performance liquid chromatography 
(HPLC) column. This enables quantitative 
transfer of analytes to the analysis system, 
resulting in improved limits of detection and 
quantitation even when sample volumes are 
significantly reduced. 

Given how widespread PFAS are, it can 
be challenging to reach the required low 
background levels when performing the 
analysis. All glassware and caps must be ultra 
clean and only solvents and reagents of high 
purity used. In addition, PFAS are readily 
adsorbed on surfaces. 

For the method described in this article, the 
sampler performs comprehensive rinse cycles 
of the vials and syringe after the sample has 
been injected to ensure recovery of PFAS 
adsorbed on the sample vial and syringe 
walls. The rinse effluent is injected into 
the system after each cycle for the highest 
possible recovery.

All steps of a typical SPE workflow for this 
method are performed automatically including 
conditioning, loading, rinsing, and eluting 
the cartridge. Following the elution step, the 
cartridge is removed from the HPLC mobile 
phase flow path, freeing the system to prepare 

Brandsch
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the next sample during the ongoing LC–
tandem mass spectrometry (MS/MS) analysis. 

Experimental
The automated system consisted of a 
MultiPurpose Sampler (MPS robotic, Gerstel) 

and an online-SPE system (SPExos, Gerstel) 
coupled to an LC–MS/MS system (1260 
Infinity II LC and Ultivo Triple Quadrupole 
LC–MS, Agilent Technologies). Weak anion 
exchange cartridges were used (SPExos Polymer 
WAX, 25–35 µm, Spark Holland). SPE elution 

was performed using 0.25% ammonia 
in methanol delivered from an additional 
isocratic HPLC pump. The eluate was merged 
with the starting level buffer of the binary 
analytical pump prior to it reaching the 
analytical column (3.0 × 100 mm, 2.7-µm 
Poroshell 120 EC-C18, [Agilent Technologies]). 
For this, a valve fitted with a special T-rotor 
was used in the SPExos system. Between 
the binary pump and MPS, a delay column 
(4.6 × 50 mm, 2.7-µm Poroshell 120 EC-C18 
[Agilent Technologies]) was installed.

One millilitre water samples were mixed 
with 50 µL internal standard solution in 
conical 1.1-mL vials and placed in the 
autosampler. Injection was performed with a 
2.5 mL syringe placed into the injection valve 
on the MPS, fitted with a 1 mL sample loop. 
Prior to this, the automated workflow started 
out with conditioning of the cartridge, first 
using 0.25% ammonia in methanol, then 
methanol, and finally water. These steps were 
performed by the high-pressure dispenser 
(HPD) unit of the SPExos. The sample was then 
loaded with water and the cartridge washed 
with water, a rinse solution (50:50:1 acetone–
acetonitrile–formic acid), and methanol. 
This organic wash was possible because the 
anionic analytes were retained by the anion 
exchange sorbent. A further benefit of using 
the sorbent was that the sample vial could 
be rinsed with methanol to recover adsorbed 

PFAS from the vial and syringe walls and the 
rinse effluent then added to the SPE cartridge 
for analysis. Methanol from a solvent reservoir 
on the MPS was added to the vial and the 
vial contents were then aspirated and injected 
into the sample loop on the injection valve, 
before being transferred to the SPE cartridge.

Finally, the online-SPE system started the 
HPLC pumps, which perform the SPE elution 
and the chromatography. Analytes were 
separated during a 15-min gradient run with 
a flow of 0.6 mL/min, employing water with 
0.1% formic acid and methanol with 0.25% 
ammonia and 0.05% formic acid. Detection 
was made in dynamic multiple reaction 
monitoring mode (dMRM). For each target 
compound and isotope labelled internal 
standard (ISTD), two MRM transitions were 
chosen—one quantifier and one qualifier 
(except PFBA and PFPeA, for which only one 
transition had sufficient intensity).

Results and Discussion
Usually in online-SPE the elution is made 
with the gradient delivered by the analytical 
pump. However, the WAX cartridges are 
eluted with ammonia in methanol and this 
eluate cannot be transferred directly to 
the HPLC column. For this reason, an extra 
(isocratic) HPLC pump for cartridge elution 
was added. Subsequently, the eluate was 
merged with the starting level buffer of the 

MRM (**-> **)211202_std2_pp_vv.d

MRM (**-> **)211202_std3_pp_ov.d

MRM (**-> **)211202_std6_pp_ow.d

3.5 4.54 5.55 6.56 7.57 8.58 9.5
Counts vs. Acquisition Time (min)

9 10.510 11.511 12

Figure 1: Stacked view of PFAS standard chromatogram obtained through direct injection of 1 mL 
into the online SPE–LC–MS/MS system combined with rinsing the vial, syringe, and sample loop 
and injecting the rinse effluent to the system (above, black trace), and comparison chromatograms 
obtained through direct injection of the same solution rinsing, and injecting the effluent from, the 
syringe and sample loop (middle, red trace), and without rinsing (below, green trace).
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binary analytical mobile phase. This takes 
place in the SPE system using a valve fitted 
with a special rotor. The result was a reduced 
methanol–water ratio and a lowered pH 
value, leading to analyte focusing at the 
beginning of the column.

Long-chain perfluorinated acids tend to 
be adsorbed on surfaces. The DIN method 
therefore recommends solutions with at least 
40% methanol to avoid loss. If samples with 
such high methanol content are injected 

onto an SPE cartridge, short-chain PFAS are 
not retained. In the system used here, the 
sample vial, injection syringe, sample loop, 
and associated tubing can all be rinsed and 
the adsorbed analytes released, recovered, 
and transferred to the SPE cartridge. The 
effect of this can be seen in Figure 1, in which 
a standard chromatogram obtained using 
this procedure (black trace) is compared to 
chromatograms of the same standard obtained 
rinsing, and injecting the effluent from, only 

Figure 2: Quantifier traces of the first calibration point (1 ng/L) and the corresponding internal 
standard (left) and calibration curves over the range of 1–1000 ng/L in water (right) for PFBA (above) 
and PFTrDS (below).
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the syringe and sample loop (red trace), and 
completely without rinsing (green trace).

Calibration was made with pure water 
spiked with a solution containing all 20 PFAS 

(carboxylic and sulfonic acids from C4 to C13) 
in the range of 1–1000 ng/L. A mix of mass 
labelled internal standards was added to each 
reference solution and sample. All calibration 

curves were linear in this range, with 
R2 > 0.998. To illustrate this, curves for the first 
and last eluting compounds (PFBA and PFTrDS) 
are shown in Figure 2, together with the mass 

traces of the first calibration point (1 ng/L) and 
the corresponding internal standard.

Method detection limits are not just 
determined by the sensitivity of the 

The Column    www.chromatographyonline.com

Table 1: Limits of determination (LOD) and limits of quantitation (LOQ) obtained in 
accordance with DIN 32645 by sixfold injection of 1 mL zero blank water sample into the 
online-SPE–LC–MS/MS system

Substance Abbreviation Molecular 
Formula CAS No. LOD 

(ng/L)
LOQ 

(ng/L)

Perfluorobutanoic acid PFBA C
4
HO

2
F

7
375-22-4 0.4 1.2

Perfluoropentanoic acid PFPeA C
5
HO

2
F

9
2706-90-3 0.1 0.3

Perfluorohexanoic acid PFHxA C
6
HO

2
F

11
307-24-4 0.3 0.8

Perfluoroheptanoic acid PFHpA C
7
HO

2
F

13
375-85-9 0.2 0.5

Perfluorooctanoic acid PFOA C
8
HO

2
F

15
335-67-1 0.4 1.2

Perfluorononanoic acid PFNA C
9
HO

2
F

17
375-95-1 0.2 0.5

Perfluorodecanoic acid PFDA C
10

HO
2
F

19
335-76-2 0.2 0.5

Perfluoroundecanoic acid PFUnDA C
11
HO

2
F

21
2058-94-8 0.3 0.8

Perfluorododecanoic acid PFDoDA C
12
HO

2
F

23
206-203-2 0.3 0.9

Perfluorotridecanoic acid PFTrDA C
13
HO

2
F

25
72629-94-8 0.4 1.1

Perfluorobutanesulfonic acid PFBS C
4
HO

3
F

9
S 375-73-5 0.2 0.5

Perfluoropentanesulfonic acid PFPeS C
5
HO

3
F

11
S 630402-22-1 0.1 0.4

Perfluorohexanesulfonic acid PFHxS C
6
HO

3
F

13
S 355-46-4 0.2 0.5

Perfluoroheptanesulfonic acid PFHpS C
6
HO

3
F

15
S 357-92-8 0.1 0.3

Perfluorooctanesulfonic acid PFOS C
8
HO

3
F

17
S 1763-23-1 0.2 0.5

Perfluorononanesulfonic acid PFNS C
8
HO

3
F

19
S 98789-57-2 0.2 0.5

Perfluorodecanesulfonic acid PFDS C
8
HO

3
F

21
S 335-77-3 0.4 1.3

Perfluoroundecanesulfonic acid PFUnS C
8
HO

3
F

23
S 749786-16-1 0.3 1.0

Perfluorododecanesulfonic acid PFDoS C
8
HO

3
F

25
S 79780-39-5 0.5 1.4

Perfluorotridecanesulfonic acid PFTrS C
8
HO

3
F

27
S 791563-89-8 0.3 0.9

Table 2: Results from fivefold determination of tap water measured directly and spiked with  
5 ng/L and 100 ng/L of each compound, respectively

Tap Water Spiked with 5 ng/L Spiked with 100 ng/L

Average 
(ng/L)

RSD (%)
Average 

(ng/L)
RSD (%)

Trueness 
(%)

Average 
(ng/L) RSD (%) Trueness 

(%)

PFBA <1.5 - 5.3 14 107 102.3 2.5 102

PFPeA 2.3 13 6.0 5.3 73 76.8 5.8 74

PFHxA 7.9 5.7 13.0 4.2 102 107.8 3.1 100

PFHpA 3.2 13 8.6 8.5 109 114.1 4.1 111

PFOA <1.5 - 6.3 8.6 126 104.5 0.8 104

PFNA <1.5 - 5.0 6.5 100 103.6 0.5 104

PFDA <1.5 - 4.9 4.6 97 102.4 0.7 102

PFUnDA <1.5 - 4.8 4.0 96 101.2 2.3 101

PFDoDA <1.5 - 4.6 4.9 92 99.3 3.7 99

PFTrDA <1.5 - 4.7 6.5 95 104.1 4.4 104

PFBS 2.4 9.9 6.9 6.5 91 92.7 1.2 90

PFPeS <1.5 - 4.9 4.6 97 97.3 2.6 97

PFHxS <1.5 - 5.0 5.6 100 101.6 2.2 102

PFHpS <1.5 - 5.4 8.4 109 101.4 2.6 101

PFOS <1.5 - 4.1 8.7 82 103.6 0.9 104

PFNS <1.5 - 5.6 6.6 113 110.1 3.3 110

PFDS <1.5 - 6.1 11.3 121 116.0 5.6 116

PFUnDS <1.5 - 6.3 12.8 126 119.6 5.8 120

PFDoDS <1.5 - 6.8 12.9 135 125.5 5.6 126

PFTrS <1.5 - 6.8 14.5 136 126.3 7.3 126
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and quantification limits according to DIN 
32645. The sixfold determination of blank 
water with the online-SPE system resulted in 
the quantification limits given in Table 1.  

instrument but also very much by the 
unavoidable blank values at sub ng/L level. 
The statistical evaluation of repeated blank 
injections allowed the calculation of detection 

Table 3: Results from fivefold determination of surface water measured directly and spiked 
with 5 ng/L and 100 ng/L of each compound, respectively

Surface Water Spiked with 5 ng/L Spiked with 100 ng/L

Average 
(ng/L)

RSD (%)
Average 

(ng/L)
RSD (%)

Trueness 
(%)

Average 
(ng/L) RSD (%) Trueness 

(%)

PFBA <1.5 - 4.9 17.6 98 98.8 2.3 99

PFPeA 1.7 0.3 5.1 12.9 69 71.7 3.5 70

PFHxA 8.8 0.5 13.3 5.2 90 104.9 1.4 96

PFHpA 2.0 0.3 7.5 10.1 110 109.7 1.8 108

PFOA 2.9 1.0 8.0 10.1 102 101.6 3.1 99

PFNA <1.5 - 5.4 3.2 109 100.4 2.7 100

PFDA <1.5 - 5.5 5.7 109 99.4 2.7 99

PFUnDA <1.5 - 5.0 1.4 100 99.7 1.2 100

PFDoDA <1.5 - 4.8 1.5 95 98.6 1.0 99

PFTrDA <1.5 - 4.8 3.0 97 101.3 2.3 101

PFBS 5.2 0.1 9.8 7.2 90 91.0 3.4 86

PFPeS <1.5 - 5.0 6.3 100 93.1 1.7 93

PFHxS <1.5 - 5.5 5.5 110 98.3 1.8 98

PFHpS <1.5 - 5.5 2.8 110 97.0 2.5 97

PFOS <1.5 - 6.2 7.1 123 100.4 2.1 100

PFNS <1.5 - 6.0 7.7 121 106.4 3.3 106

PFDS <1.5 - 6.4 9.9 128 112.7 6.2 113

PFUnDS <1.5 - 6.9 8.6 138 114.2 8.1 114

PFDoDS <1.5 - 6.8 11.9 137 117.6 8.6 118

PFTrDS <1.5 - 6.9 11.9 138 113.2 8.4 113
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performance liquid chromatography and mass 

spectrometric detection (HPLC/MS–MS) after 

solid-liquid extraction (F42). 2011 Edition, March 

2011.

Thomas Brandsch works as an 
application scientist in the Innovation 
and Technology Department at Gerstel 
in the field of automated sample 
preparation for LC–MS. After receiving 
his Ph.D. from the Ruhr University 
Bochum, Germany, in 2003, Thomas 
worked in positions of increasing 
responsibility for over 15 years in an 
environmental contract laboratory, 
before joining Gerstel in early 2020.

described in DIN 38407-42. The main 
benefits were simple sample handling, 
very low solvent consumption, and good 
reproducibility. There was also no need to 
filter water samples prior to analysis. The 
SPE system retained particles, keeping them 
out of the analysis system while enabling 
the release of particle-adsorbed PFAS for 
improved overall recovery. 

References
1. DIRECTIVE (EU) 2020/2184 OF THE EUROPEAN 

PARLIAMENT AND OF THE COUNCIL of 16 

December 2020 on the quality of water intended 

for human consumption (recast). 

2. DIN 38407-42 German standard methods for the 

examination of water, waste water and sludge - 

Jointly determinable substances (group F) - Part 

42: Determination of selected polyfluorinated 

compounds (PFC) in water - Method using high 

properties of this compound, for example,  
in terms of water solubility, differ from  
those of the two internal standards used 
for this region of the chromatogram (mass 
labelled PFBA and PFHxA). Analysis of 
the high-level spiked samples resulted 
in a trueness between 70% and 130% 
for all compounds, and relative standard 
deviations with a median of 2.6% and 
a maximum of 8.6%, demonstrating 
the good performance of the presented 
online-SPE method.

Conclusions
The online-SPE–LC–MS/MS system combined 
with the presented method enabled fully 
automated determination of the PFAS 
compounds listed in the EU Drinking Water 
Directive in the low ng/L range, as well 
as determination following the method 

They were all below 1.5 ng/L, enabling 
monitoring at or below the 0.1 µg/L limit for 
the sum of PFAS compounds as stipulated by 
the drinking water directive.

To show the applicability of the method 
and the trueness of determination, tap  
water (from our laboratory) and surface 
water (from the River Ruhr) were 
measured in replicate and spiked with 
two concentration levels (5 and 100 ng/L). 
The results from the fivefold determination 
of these samples are summarized in 
Tables 2 and 3. Both samples showed 
only low levels of some short-chain PFAS 
(below 10 ng/L). These findings were also 
confirmed by the concentrations measured 
in the low-level spiked samples, for which 
the trueness was between 90% and 110%, 
except for PFPeA, which was around 70%. 
This can be explained by the fact that the 

E-mail: Thomas_Brandsch@gerstel.de 
Website: www.gerstel.com 
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The Evolving 
Developments in Sample 
Preparation for PFAS in 
Environmental Samples

The ever-increasing knowledge concerning the toxicity, global scope, 
broad usage, and indestructible nature of per- and polyfluorinated alkyl 
substances (PFAS) has created a demand for extracting these compounds 
from many different matrices. In many cases, extraction is insufficient and 
additional matrix cleanup steps are required. This overview covers sample 
preparation primarily for water samples. 

Richard Jack, Phenomenex, Torrance, California, USA

making these chemicals a unique chemical 
composition. The wide variety and complexity 
of PFAS compounds has resulted in many PFAS 
groups, including carboxylic acids, sulfonic acids, 
ethers, chlorinated, sulfonamides, alcohols, 
and telomers. What these all have in common 
is the fluorination and varying degrees of 
hydrophobicity/hydrophilicity.

Separation and Detection
The most common method for detecting 
the presence of PFAS in a sample uses a 

The description and properties of per- and 
polyfluorinated substances (PFAS) have recently 
become a widely researched topic with many 
intricacies. PFAS owe their persistence to the 
carbon-fluorine bond, which is one of the 
shortest and strongest chemical bonds and 
makes these chemicals highly resistant to 
breakdown in the environment, earning them the 
nickname “forever chemicals”. The fluorinated 
carbon chains varying in length for C1 to C18 
instill hydrophobic properties, while the acidic 
end groups impart a hydrophilic character, ib
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reversed-phase liquid chromatography 
(LC) separation followed by tandem mass 
spectrometry (MS/MS) detection. Gas 
chromatography (GC)–MS/MS methods have 
also been published, and some methods even 
recommend ion chromatography (IC). Using mass 
spectrometry combines the need for quantitation, 
confirmation, and sensitivity that is required 
for low detection and matrix interferences. 
LC column phases that are often used include 
C8, C18, phenyl-hexyl, and F5; in addition to 
many peer-reviewed articles, the US. Dept. Of 
Agriculture, EPA Office of Ground Water and 
Drinking Water, the EPA Office of Water, the 
Department of Defense, US FDA, and ISO have all 
published methods using a combination of these 

columns. To date, most have migrated towards a 
C18 approach for good resolution and reliability. 
While analysis may be relatively straightforward 
for PFAS detection, the cleanup using sample 
preparation has evolved and continues to be 
an area of optimization for environmental 
laboratories. 

The Evolving Sample Preparation for 
PFAS Compounds
There are several methods developed by 
government agencies that utilize solid-phase 
extraction (SPE) followed by LC–MS/MS 
detection. EPA Method 537, originally drafted 
in 2009 and updated to EPA 537.1 in 2020 (1), 
involves preconcentration of a water sample on 
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Figure 1: Perfluorooctance sulfonic acid with the SDVB functionalized polymeric resin at a pK
a
 of 

0.14, while carboxylic acid has a pK
a
 of 2.4. Thus, at neutral pH, the charge states are neutralized.
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a polystyrenedivinylbenzene (SDVB) cartridge 
followed by methanol extraction. These methods 
rely on the hydrophobicity of PFAS to interact 
with the SDVB by cartridge conditioning and 
extraction with methanol. 

As can be seen in Figure 1, an SPE strategy 
that relies on a hydrophobic approach alone 
does not take into account the complete 
chemical structure of the majority of PFAS 
compounds. In addition, scientists that 
tried to identify shorter chain PFAS, such 
as perfluorobutanoic acid (C4) and PFAS 
precursors, such as hexafluoropropylene 
oxide dimer acid (HFPO-DA), met with poor 
recoveries, which is not surprising since these 

shorter length compounds would have a lower 
affinity for a hydrophobic interaction. For this 
reason, the EPA Office of Ground Water and 
Drinking developed EPA Method 533 (2,3), 
which states in the disclaimer: “This analytical 
method may support a variety of monitoring 
applications, which include the analysis of 
multiple short-chain per- and polyfluoroalkyl 
substances (PFAS) that cannot be measured by 
Method 537.1.”

However, this method is virtually identical 
to EPA 537.1: “The sample is passed through 
an SPE cartridge containing polystyrene 
divinylbenzene with a positively charged 
diamino ligand to extract the method analytes 

and isotope dilution analogues. The cartridge 
is rinsed with sequential washes of aqueous 
ammonium acetate followed by methanol, then 
the compounds are eluted from the solid phase 
sorbent with methanol containing ammonium 
hydroxide”. Figure 2 shows the functionality for 
a WAX SPE. The diamino cation has a selective 
affinity for anionic compounds such as PFAS 
required for short-chain extraction efficiency. 
This format also has a hydrophobic interaction 
that when combined is similar to the structure 
of the PFAS molecules.

Combined, EPA methods 537.1 and 533 allow 
29 PFAS compounds to be measured in drinking 
water. The data concerning the requirements 
for quality control and method performance 
are documented in the methods and not a part 
of the scope here. The precision and accuracy 
shown are within 10% for the majority of the 
analytes at the lower spike, 10 ppt levels, except 
for the short-chain (C4) PFBS. 

PFAS Methods and Sample Preparation 
for Non-Drinking Water Matrices
Simultaneously, while these methods were 
being developed and validated, additional 
testing needs arose for non-drinking water 
matrices and the continued increase in PFAS 
compounds being identified. In order to address 
these issues, many laboratories turned to the 
Department of Defense Quality Systems Manual 
(QSM) as a starting point (4). This document 
realizes the utility of weak anion exchange 
(WAX), not SDVB, for the SPE material, and 
addresses several issues, including the baseline 
requirements for dirtier matrices along with 
many of the traditional method aspects such as 
quality assurance/quality control (QA/QC) criteria. 
The EPA’s Office of Water, in partnership with 
the Department of Defense’s (DoD) Strategic 
Environmental Research and Development 
Program, published a single-laboratory validated 
method in August 2021 (5). This method targets 
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Figure 2: Diagrams of a Strata-X-AW showing the functionalities that allow both hydrophobic and 
weak anion exchange capabilities, equivalent to the structure of a typical PFAS compound, PFOS.

Developed for
short chain PFAS Clean up

200 mg WAX
50 mg GCB
6 mL formatGCBWAX

Figure 3: Examples of a dual cartridges and single column for SPE and sample cleanup.  
The left shows the dual approach while the right shows a dual WAX/GCB configuration for  
a 6 mL cartridge.
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40 PFAS compounds for wastewater, surface 
water, groundwater, soil, biosolids, sediment, 
landfill leachate, and fish tissue. It can be 
incorporated into various applications, including 
National Pollutant Discharge Elimination System 
(NPDES) permits. Both the DOD QSM and EPA 
1633 (6) mention a requirement for the use of 
graphitized carbon black (GCB) in a dispersive 
(powder) or cartridge format prior to injection 
into the LC–MS/MS system. Each sample and 
associated QC sample require a cleanup, thus 
requiring a two-step SPE process that adds time, 
cost, and chances for error. The purpose of the 

additional SPE cleanup step is to eliminate matrix 
that can cause interference and reduce bias. GCB 
has been shown to remove organic acids (such 
as humic and cholic acids), which can suppress 
ionization (TDCA and PFOS). However there is 
an issue with GCB and as stated in the Draft EPA 
Method 1633, “…It is important to minimize 
the time the sample extract is in contact with 
the carbon.” The draft EPA Method 1633 was 
developed in a joint collaborative effort between 
the US Department of Defense and the US EPA. 

Figure 3 shows the SPE cleanup cartridges 
applicable to EPA 1633 that require a WAX 

Table 1: PFAS spike water recoveries from several water matrices using the Strata PFAS 
stacked SPE column. For details please see reference 7. Data courtesy of Babcock Laboratories, 
Riverside, California, USA.

Average MS/MSD Spike Recovery of all Analytes (Spiked at 2 ng/L)

WW Effluent 1 WW Effluent 2 WW Discharge Pond
Storm 
Water 
Runoff

Reagent Water 
Comparison

102% 111% 101% 102% 111%

Average MS/MSD Spike Recovery for 5 Long-Chain PFAS (2 ng/L)

Analyte
WW 

Effluent 1
WW 

Effluent 2

WW 
Discharge 

Pond

Storm 
Water 
Runoff

Analyte 
Average

Reagent Water 
Comparison

PFDoDA (C12) 105% 121% 86% 112% 196% 98%

PFTrDA (C13) 94% 96% 73% 89% 88% 94%

PFTeDA (C14) 101% 123% 67% 112% 101% 100%

PFHxDA (C16) 107% 122% 53% 102% 96% 97%

PFOcDA (C18) 96% 99% 55% 64% 79% 87%

Analyte Avg. 101% 112% 67% 96% 94% 95%

www.pss-polymer.com

PERFECT  
SEPARATION SOLUTIONS

When Standard means Superior

GPC/SEC ReadyCal 
Calibration Kits 

www.pss-shop.com

Dextran

PEG

PEO

PMMA

Polystyrene

Protein

Pullulan

Jack
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California, USA). 

10. APPROVAL TO EXTEND DEADLINES FOR SAMPLING 

AND REPORTING OF PERAND POLYFLUOROALKYL 

SUBSTANCES (PFAS) AT PUBLICLY OWNED 

TREATMENT WORKS SUBJECT TO THE JULY 9, 2020 

STATE WATER RESOURCES CONTROL BOARD ORDER 

# WQ 2020-0015-DWQ, 24 November 2020: https://

www.waterboards.ca.gov/pfas/docs/11242020_

signed_es_pfas_potw_scap_extension_lt.pdf

Richard Jack is Global Market Development 
Manager for the food, cannabis, and 
environmental markets with Phenomenex 
Corporation. Richard has been in the 
analytical industry for many years as 
a product manager, and in market 
development with several companies. 
He has been active in global regulatory 
involvement and participated in several 
method validation projects. His participation 
with the US EPA Office of Ground Water 
and Drinking Water resulted in coauthoring 
EPA methods 557; 557.1. Richard is the 
second vice-chair for the ASTM D19 water 
committee and drafted several ASTM 
methods including D4327 and D6919. 
Richard has an M.S. in ecology and a Ph.D.  
in biochemistry.

2. EPA Method 533, Determination of Per- and 

Polyfluoroalkyl Substances in Drinking Water 

by Isotope Dilution Anion Exchange Solid Phase 

Extraction and Liquid Chromatography/Tandem 

Mass Spectrometry: https://www.epa.gov/

dwanalyticalmethods/approved-drinking-water-

analytical-methods

3. Phenomenex Technote 0141, EPA Method 533, PFAS 

in Drinking Water (Torrance, California, USA). 

4. Department of Defense (DoD) Department of Energy 

(DOE) Consolidated Quality Systems Manual (QSM) 

for Environmental Laboratories, DoD Quality Systems 

Manual Version 5.4, 2021.

5. EPA Announces First Validated Laboratory Method 

to Test for PFAS in Wastewater, Surface Water, 

Groundwater, Soils, 2 September 2011: https://www.

epa.gov/newsreleases/epa-announces-first-validated-

laboratory-method-test-pfas-wastewater-surface-water 

6. Draft Method EPA 1633, Analysis of Per- and 

Polyfluoroalkyl Substances (PFAS) in Aqueous, Solid, 

Biosolids, and Tissue Samples by LC-MS/MS. 

7. Phenomenex Technote TN-0144, Method Validation 

of a C4-C18 PFAS Panel from Water Extracts Using 

DualMode SPE followed by LC-MS/MS (Torrance, 

California, USA).

8. Phenomenex Technote, TN74410520_W Per- and 

Polyfluoroalkyl Substances (PFAS) Extraction by LC-MS/

MS Using Strata® PFAS for a Stacked Solid Phase 

Extraction (SPE) Solution (Torrance, California, USA). 

9. Phenomenex Technote 0145, Comparison of PFAS 

Recoveries Between Cartridge Format WAX/GCB 

vs. Dispersive GCB for DoD Compliance (Torrance, 

of the presence of per- and polyfluoroalkyl 
substances at publicly owned treatment 
works order WQ 2020-0015-DWQ“ (10). This 
announcement specified the requirement for 
public-owned treatment works (POTWs) to 
monitor an extended list of PFAS compounds 
in wastewater discharges. Excellent recoveries 
of over 40 PFAS compounds, ranging in length 
from C4 to C18, from over four different water 
matrices, including wastewater influents, 
holding ponds, and discharge waters, have been 
demonstrated (6).

Conclusion
Strategies for sample preparation have evolved to 
address the increased number of PFAS that need 
to be analyzed from a wide variety of matrices. 
They have taken into account the analyte of 
interest, interfering matrices, as well as the need 
for simple, less costly steps to achieve accurate 
quantitation. This brief outline also highlights 
that these strategies can be incorporated into 
validated methods for compliance monitoring.

References
1. EPA Method 537.1, Determination of Selected 

Per- and Polyfluorinated Alkyl Substances in 

Drinking Water by Solid Phase Extraction and Liquid 

Chromatography/Tandem Mass Spectrometry (LC/

MS/MS) Version 2.0 March 2020: https://www.epa.

gov/dwanalyticalmethods/approved-drinking-water-

analytical-methods

and a GCB cleaning step. A dual cartridge has 
been developed to simplify the extraction and 
cleanup in one step. Several laboratories have 
demonstrated that instead of a two-step SPE 
method, a single cartridge containing WAX/
GCB in a stacked format is more than sufficient 
and achieves similar recoveries than a costly 
two-step process (7,8,9). Table 1 shows the 
average spike recoveries of 42 PFAS analytes 
at 2 ng/L for five water matrices after using a 
WAX/GCB stacked cartridge. The recoveries 
are excellent, from the short- (C4) to the long-
chain (C18) PFAS compounds. If we look at the 
more long-chain compounds in isolation, there 
are still excellent recoveries. The dual WAX-
hydrophobic interaction on the resin backbone 
was sufficient for optimal retention and the 
GCB did not interfere with recovery. Results 
showed that there was no difference in the 
spike recoveries between the dual and single 
SPE approaches, yet the dual cartridge saved 
significant time and cost. PFAS accuracy and 
precision results obtained using the single tube 
sample preparation procedure were equivalent 
to those obtained using the two-step WAX + a 
dispersive or cartridge GCB clean-up step. 

WAX/GCB Single Cartridge SPE for 
Longer Chain PFAS Compounds? 
In July 2021 the California Water Resources 
Control Board announced the order for “Sections 
13267 and 13383 order for the determination 

E-mail: richardj@phenomenex.com
Website: www.phenomenex.com/pfas
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Nontargeted Analysis of 
Per- and Polyfluoroalkyl 
Substances in Surface 
Water Using Fragment 
Ion Flagging
The Column spoke to Stefan Van Leeuwen and Bjorn Berendsen from 
Wageningen Food Safety Research, The Netherlands, about a novel 
nontargeted approach to analyze per- and polyfluoroalkyl substances 
(PFAS) using liquid chromatography high-resolution mass spectrometry 
(LC–HRMS) with fragment ion flagging (FIF).

—Interview by Alasdair Matheson

of products and processes. PFAS are used 
as surfactants for water and dirt repellency 
of clothing and furniture, as surfactants in 
aqueous fire‑fighting foams, for grease‑ and 
water‑proofing food contact materials, and in 
many other applications. Unfortunately, their 
persistency and toxicity has become a major 
concern for society. The European Food Safety 
Authority (EFSA) recently evaluated that some 

Q. Why are per- and polyfluoroalkyl 
substances (PFAS) gaining so much 
attention at the moment and why is the 
analysis of these analytes important?
Stefan Van Leeuwen: PFAS are a class 
of chemicals that are extremely stable and 
resistant to degradation. Their surfactant 
properties give these chemicals unique 
characteristics for application in a wide array 
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specific PFAS show adverse effects on the 
immune system at low levels (1).
Bjorn Berendsen: Several pollution incidents 
in the USA, Europe, and Asia involving 
PFAS manufacturing plants polluting river 
water and drinking water, among other 
incidents, has brought the PFAS problem to 
the surface. Policy makers are now putting 
regulatory measures in place to regulate PFAS 
in products, the environment, food, and 
drinking water, and to stimulate the search for 
alternative chemicals.

Q. What techniques have been used to 
analyze these compounds historically, and 
do they have any limitations?
BB: Attention for these compounds started 
in the early 2000s, with the targeted analysis 
of perfluorooctane sulfonic acid (PFOS) and 
perfluorooctanoic acid (PFOA). Laboratories, 
including Wageningen Food Safety Research 
(WFSR), mainly used liquid chromatography 
(LC) with triple quadrupole (QqQ) tandem 
mass spectrometry (MS/MS) to achieve the 
desired selectivity and sensitivity (2,3). Gas 
chromatography (GC)–MS/MS methods 
were used for the highly fluorinated volatile 
PFAS. Over the years other PFAS were 
added, and today some 20–40 compounds 
are analyzed routinely. 
SVL: In the meantime, it became clear that PFAS 
are a very diverse group of chemicals, covering 

very different chemical families (4). Today, more 
than 4700 PFAS have been registered in an 
Organisation for Economic Co‑operation and 
Development (OECD) database (5), and several 
of these lead to environmental and human 
exposure through food and drinking water. 
Moreover, several PFAS can actually degrade 
abiotically and biotically through pathways, 
yielding unknown intermediates. With these 
developments, the need for identification of 
unknowns became more apparent.

Q. Your team recently developed a method 
for the nontargeted analysis of per- and 
polyfluoroalkyl substances in surface 
water using liquid chromatography 
high-resolution mass spectrometry (LC–
HRMS) with fragment ion flagging (FIF)?
SVL: That’s right. Together with a student, Thijs 
Hensema, we have developed this approach, as 
we felt that current approaches for nontarget 
identification of unknown PFAS had some 
drawbacks that we wanted to get around.  
We called the approach fragment ion flagging 
(FIF) (6).

Q. What is fragment ion flagging and what 
benefits does it offer the analyst for this 
particular application?
BB: FIF is a method for the identification of 
unknown PFAS; it works by looking at the 
fragmentation patterns of these substances. 

Specific characteristic fragments of PFAS will 
then be used as a lead towards structural 
elucidation of the parent PFAS. We have 
developed and tested this FIF workflow, and the 
analyst can easily follow this stepwise procedure 
for identification of unknown PFAS. FIF can be 
used in any HRMS system (coupled to GC or LC) 
that allows the use of all ion fragmentation (AIF) 
and data independent acquisition (DIA).

Q. What sample preparation technique did 
you use?
SVL: Most studies so far were conducted on 
samples with relatively high levels of PFAS, for 
example, downstream from a manufacturing 
plant. We wanted to investigate the samples 
with background contamination that were likely 
to have lower contamination levels. To do so, 
we used solid‑phase extraction (SPE)—in our 
case a weak anion exchange SPE column—to 
isolate and concentrate anionic PFAS. This 
provided us with a 1000‑fold concentration 
factor. In the future, we will expand this further 
to other isolation modes, such as cationic and 
mixed‑mode isolation.

Q. What is novel about your approach and 
what benefits does it offer the analyst 
for this application compared to other 
techniques?
SVL: The methods applied so far for 
identification of unknown PFAS were based on 

full‑scan feature selection, such as homologue 
series detection, mass defect filtering, and 
intensity threshold filtering. Although these 
approaches have proven benefits, they come 
with some drawbacks. Homologue series 
detection only works in cases where the 
unknown PFAS are part of a homologue series. 
PFAS that do not fit in that definition may be 
missed out from the identification. Mass defect 
detection works well for highly fluorinated 
PFAS, but the mass defect will be counteracted 
if multiple hydrogens are present in a molecule. 
Threshold filtering is a way to reduce the 
number of signals; however, one may overlook 
small but relevant signals.
BB: After some brainstorming, we realized 
that we should make use of the typical 
fragments that originate from the ionization and 
fragmentation of several PFAS. This overcomes 
some of the drawbacks of the previously 
mentioned approaches. We have developed the 
FIF workflow and this includes five steps. First, 
we performed all ion fragmentation (AIF) and 
a full scan with the system we used. Second, 
we assessed the data screening for the typical 
fragments C
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O or neutral loss. The third step 

was to select the corresponding precursor ion 
in the full‑scan data, followed by step four—
recording of the product ion mass spectrum 
of the precursor ion. Finally, we performed the 
structure elucidation.
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Q. What were the main obstacles you 
had to overcome and how did you 
overcome them?
BB: We challenged ourselves by searching for 
PFAS in surface waters that were suspected to 
contain relatively low levels of PFAS. As a result, 
we observed many interfering background 
signals and selection of relevant signals for 
PFAS was hampered. By applying selective 
sample preparation to clean and concentrate 
the sample, we were able to increase the 
signal intensity. By comparing sample extracts 
with different dilution factors, we were able to 
eliminate background signals that originated 
from the instrument and solvents used. 
Altogether, we must also acknowledge that FIF 
does not guarantee that all PFAS present in a 
sample will be detected, but we were able to 
detect and identify several PFAS in the tested 
samples, of which some have never been 
reported before.

Q. What were your main findings?
SVL: With the FIF methodology we detected 
40 structures in Dutch surface water, and 
we tentatively identified four new structures 
that were not reported before. Next, we 
identified fragments of what we believe 
are the larger molecular analogues of 
GenX (hexafluoropropylene oxide‑dimer 
acid [HFPO‑DA]). These are heavier 
analogues (hexafluoropropylene oxide‑timer 

acid [HFPO‑TrA], hexafluoropropylene 
oxide‑tetramer acid [HFPO‑TeA], and so 
on) that we have not previously detected 
in the regular targeted analysis. To me, this 
shows the strength of the FIF identification 
approach.
BB: For some of the PFAS structures, the 
final step of unambiguous identification by 
comparing with a reference standard could 
not be achieved due to the lack of such a 
reference standard. This problem is faced more 
generally by nontarget identification methods 
for pollutants, metabolites, and so on. Ideally, 
this will be solved by the synthesis of many 
new reference standards, but that is a very 
resource‑demanding task.

Q. Are you planning to develop this 
research further?
SVL: Yes, we want to develop this process 
further, as there are still some challenges 
ahead. The process of data handling is quite 
labour‑intensive and could benefit from 
automation, which will stimulate a broader 
application. Furthermore, for many of the 4700 
PFAS compounds, no reference standards are 
available, which hampers quantification. This 
is not a unique situation for PFAS, but broadly 
for nontarget analysis, and we will investigate 
how to perform approximate quantification of 
these compounds where we don’t have access 
to reference standards.

BB: Also, we are aiming to apply FIF to food 
samples, which introduces an additional 
challenge, as such samples are much more 
diverse and require more intensive sample 
clean‑up.

Q. Could FIF be useful for other 
environmental (or food) applications?
SVL: We demonstrated FIF on surface water, 
and I’m confident that FIF will also work on 
other environmental matrices. Our next step is 
to apply it to foods—particularly those where 
foods were derived from animals exposed to 
PFAS, such as fish from Dutch rivers. Moreover, 
one can think of packaged foods where they are 
wrapped in food contact materials (FCMs) that 
have been treated with a wide range of PFAS in 
the past to make them water‑ and greaseproof.

Q. Will FIF become an important technique 
in PFAS analysis?
BB: PFAS contaminants will stay with us for 
a long time and the need for identification 
tools will therefore remain. With FIF, a valuable 
identification approach is added to the 
nontarget identification toolbox, which will also 
be applicable to other food and environmental 
contaminant fields.

References
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Sartorius Acquires Novasep’s Chromatography 
Equipment Division
Novasep (Lyon, France) and Sartorius (Göttingen, Germany) 
have announced the completion of the sale of Novasep’s 
chromatography equipment division to Sartorius.

Novasep’s chromatography equipment division comprises 
resin‑based batch and intensified chromatography systems and 
focuses on low and high pressure for small and large molecules 
such as monoclonal antibodies, oligonucleotides, peptides, and 
insulin. The division generated sales of around 40 million euros 
in 2020, with the majority of the approximately 100 employees 
working at Novasep’s Pompey site in eastern France and some in 
the USA, China, and India.

Since 2018, Novasep and Sartorius have been collaborating 
in the joint development of an optimized membrane‑based, 
low‑pressure chromatography system that processes larger 
molecules more productively.

“This achievement strengthens our relationship with the 
Sartorius team and represents a great opportunity for the 
chromatography equipment business to fully deliver its potential 
and accelerate its growth under this new ownership,” said Michel 
Spagnol, President and CEO of Novasep. 

Novasep will continue to offer CDMO development 
and manufacturing services for the pharmaceutical and 
biopharmaceutical markets, based on chromatography, which 
remains a core technology.

For more information, please visit: www.novasep.com

Portable GC Coffee Analysis
Researchers have performed a volatile organic compound (VOC) analysis of coffee beans using a person‑portable gas 
chromatography–toroidal ion‑trap mass spectrometry (ppGC–TMS), and then compared it to a benchtop GC system (1).

Coffea canephora and Coffea arabica beans are amongst the most highly traded global agricultural commodities, with 
the beverages created from those beans incredibly popular. On top of the stimulating effects of caffeine, coffee offers a 
wide variety of aromas and taste profiles, with an entire sub‑culture emerging to revere this plant product. A roasted coffee 
bean will have a complex composition from a combination of VOCs, including alcohols, esters, acids, pyrazines, phenols, 
and furans, amongst other compounds. All of these are a result of the many variables present in the life cycle of the 
food product, from plant to final brewed product. Coffee variety, growing conditions, fermentation, processing, roasting 
conditions, and brewing all contribute to the emergence of these unique VOC profiles. The assurance and consistency of 
that unique VOC profile is one of the key challenges for coffee producers. Currently, benchtop GC–MS is used for quality 
control and provides the gold standard for nontargeted, qualitative detection and identification of complex mixtures of 
VOCs. However, the separation and identification of compounds is only one half of the battle, with suitability, cost, time, 
and ease‑of‑use of the technique for implementation during the roasting process all requiring consideration.

As such, researchers investigated ppGC–TMS as an alternative solution. Theoretically, ppGC–TMS should be able to 
provide fast GC analysis, adequate sensitivity, and adequate selectivity, as well as the ability to be implemented at near to 
real‑time over the duration of a coffee roasting process without the need for additional infrastructure. The researchers then 
compared the capabilities of ppGC–TMS to conventional GC–quadrupole time‑of‑flight MS (GC–QTOF‑MS) and  
GC–quadrupole MS (GC–QMS) to contextualize the capabilities of the portable instrumentation and how associated design 
features alter the separation and detection of analytes.

The results of the study indicated that ppGC–TMS with headspace solid‑phase microextraction (SPME) sampling provided 
a suitable compromise of reduced analytical capabilities for rapid and on‑site analysis that could be used for VOC formation 
monitoring during the coffee roasting process.—L.B.

Reference
1. R. Herron et al., Int. J. Mass Spectrom. 473, 116797 (2022).
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Agilent Technologies Inc. (Santa Clara, 
California, USA) and the University of 
Vermont (UVM) (Vermont, USA) have 
announced the establishment of the 
Agilent Laboratory for Chemical Analysis 
(ALCA). The facility will feature advanced 
instrumentation allowing students, 
institutional colleagues, industrial partners, 
and regional high‑tech start‑ups to 
study the composition and structure of 
chemical samples. The site will act as a 
shared educational and research space for 
educational purposes while also serving as 
a valuable technology resource to local and 
regional businesses.

“Agilent is extremely pleased to support 
UVM in the development of this innovative 
research facility,” said Mike McMullen, 
Agilent President and CEO. “It’s another 
example of Agilent’s commitment to 
advancing scientific understanding and at 
the same time supporting UVM and the 
local community.” 

The fast pace of technological 
advancement can be a challenge for 
educational facilities such as universities 
or research facilities. However, the suite of 
Agilent instrumentation housed in the ALCA 

facility will advance long‑term technical 
and scientific goals in the state of Vermont 
and support economic and technological 
sustainability throughout the region.

“This new state‑of‑the‑art instrumentation 
laboratory will fulfill a primary need in 
academia, where we have an obligation to 
ensure the next generation of scientists have 
the technical skills required to meet modern 
challenges,” said Dr. Giuseppe Petrucci, 
Professor of Chemistry at the University of 
Vermont. “Beyond that, the fact that this 
lab will also be available to faculty members 
for research projects, as well as to start‑up 
companies in the area, offers tremendous 
opportunities to advance scientific discovery 
and validation.”

The University of Vermont is hopeful the 
ALCA facility will establish an “incubator” 
environment where users can develop and 
share ideas and tackle challenging analytical 
problems in a dynamic and scientifically driven 
environment. The laboratory will also serve as 
a regional hub for Agilent representatives to 
showcase and demonstrate instrumentation 
functions and capabilities.

For more information please visit: www.
agilent.com or www.uvm.edu

Agilent and University of Vermont 
Announce Collaboration

Thermo Fisher Scientific Expands 
Pennsylvania Facilities
Thermo Fisher Scientific (Waltham, 
Massachusetts, USA) has announced a 
$40 million dollar upgrade of its single‑use 
technology manufacturing facility in 
Millersburg, Pennsylvania, USA. The 
expansion comes as part of a long‑term, 
$650 million investment plan unveiled in 
2021 to improve bioprocessing production 
capacity for critical materials used in 
developing new and existing biologics  
and vaccines.

The investment will create a new 
47,000‑square‑foot warehouse at the 
site, with an additional 100 new hires as 
Thermo Fisher cites its belief that the site 
will employ more than 1000 workers once 
it is fully renovated by 2023.

Single‑use technologies are essential in 
the development of a growing number 
of biological drugs and vaccines, and has 
created unprecedented demand for these 
products. The Millersburg site expansion 
will add significant capacity to continue 
providing the biopharma industry with 
the technology and materials needed to 
assist in developing new vaccines, cancer 
treatments, and breakthrough therapies 
for other conditions.

For more information, please visit: 
https://corporate.thermofisher.com

Biotage Awarded Gold Sustainability 
Medal by EcoVadis
EcoVadis, a sustainability ratings agency, 
has recently recognized the commitment 
of Biotage (Uppsala, Sweden) to be 
greener and create more efficient 
solutions by awarding the company 
the Gold Medal in Sustainability, after 
a thorough audit with respect to the 
Environment, Labour and Human Rights, 
Ethics, and Sustainable Procurement.

“We have put sustainability at the 
heart of what we do,” said Tomas 
Blomquist, CEO and President of 
Biotage.

“We are incredibly proud to have 
achieved the Gold standard, which 
demonstrates our commitment and 
allows customers to partner with us 
in confidence. The Gold Medal rating 
places Biotage in the top 5% of global 
suppliers across all industries. Our work 
in sustainability is never complete, and 
although we celebrate this recognition, 
it marks the start of a journey to 
maintaining the upmost standards in 
our operations. Our next goal is to push 
towards the platinum rating!”

Read more about EcoVadis here: 
 https://ecovadis.com

Read more about Biotage here:  
www.biotage.com

News
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News In Brief
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•  The LCGC Blog: Critical Evaluation of Chromatography Methods (II)—Evaluating Gas 
Chromatography Methods—The ability to predict issues and highlight unusual method parameters, 
before ever entering the laboratory, allows you to be alert for potential issues with a separation, or 
to change the method (where applicable) prior to initiating any experimentation. These detective 
skills, when applied in retrospect, are also invaluable for troubleshooting problems with the 
chromatographic separation or quantitative results. Read Here>>

•   Hydrophilic-Phase Extraction: A New Avenue of Solid-Phase Extraction for Oligonucleotide 
Bioanalysis—A novel approach using hydrophilic‑phase extraction (HPE) for the analysis of 
oligonucleotides in bioanalysis applications is described. The HPE method was proven to be a critical 
part of a fully quantitative HILIC–high‑resolution mass spectrometry (HRMS) method for the RNA 
oligonucleotide and has potential for general application. Read Here>>

•    The 2022 Winners of the Lifetime Achievement and Emerging Leader in Chromatography 
Awards—Barry L. Karger and James P. Grinias are the winners of the 15th annual LCGC Lifetime 
Achievement and Emerging Leader in Chromatography Awards, respectively. Here, we review their 
achievements. Read Here>>

•    But Why Doesn’t It Get Better? Kinetic Plots for Liquid Chromatography, Part 1: Basic 
Concepts—Kinetic plots can help us understand how different combinations of parameters 
will perform in relation to the time needed to acquire a particular column efficiency—and thus 
resolution. Read Here>>

•    How Static Are Static Data?—A balance printout is a fixed record, and is also called static data. But 
how static are static data when the weight is used in a chromatographic analysis? Also, have some 
regulatory data integrity guidance documents failed to comply with their own regulations? Read 
Here>>

•    Illicit Drug Analysis Using GC–IMS and Oral Fluids—Researchers from the University of Valencia 
have developed a GC–IMS method for the analysis of illicit and psychoactive substances in oral fluids. 
Read Here>>

Peaks of the Month

Like us  Join us  Follow Us 

Avantor Breaks Ground on New Irish 
Distribution Centre
Avantor, Inc. (Radnor, Pennsylvania, USA  
has begun construction on a 
68,800‑square‑foot distribution centre in 
Dublin, Ireland. Expected to open in the  
latter part of 2022, the facility will 
significantly increase distribution capacity  
to meet the growing demand for production 
materials by Ireland’s biopharmaceutical 
industry. “Our new Dublin distribution 
centre places essential content closer to our 
customers. The facility is the latest in a  
series of capital investments we have made  
to increase capacity and capabilities,” 
said Sheri Lewis, Executive Vice President, 
Global Supply Chain Operations.“ For 
more information, please visit: www.
avantorsciences.com

Merck and Waters Collaborate on E&L 
Reference Library
Merck (Darmstadt, Germany) and Waters 
Corporation (Massachusetts, USA) have 
announced a collaboration to build and expand 
an Extractables and Leachables (E&L) Reference 
Library to include ion mobility measurements. 
The library will enable analytical labs to identify 
potential extractables and leachable compounds 
in their samples by using ion mobility‑enabled 
liquid chromatography–mass spectrometry (LC–
MS) instruments, and then confirm the identity 
and quantity using reference materials.
For more information, please visit:  
www.sigmaaldrich.com

 k
it

ty
fl

ys
to

ck
.a

d
o

b
e.

co
m

ad
o

b
e.

st
o

ck
/h

ap
p

yf
ra

m
e

A
fa

n
as

ie
v 

O
le

ks
ii/

st
o

ck
.a

d
o

b
e.

co
m

News

25

Lewis2 Brandsch8 Jack15 Q&A Van Leeuwen and Berendsen20
News23 Schad and Iwata26 The LCGC Blog30 Rising Star33

https://www.chromatographyonline.com/view/the-lcgc-blog-critical-evaluation-of-chromatography-methods-ii-evaluating-gas-chromatography-methods
https://www.chromatographyonline.com/view/hydrophilic-phase-extraction-a-new-avenue-of-solid-phase-extraction-for-oligonucleotide-bioanalysis
https://www.chromatographyonline.com/view/the-2022-winners-of-the-lifetime-achievement-and-emerging-leader-in-chromatography-awards
https://www.chromatographyonline.com/view/but-why-doesn-t-it-get-better-kinetic-plots-for-liquid-chromatography-part-1-basic-concepts
https://www.chromatographyonline.com/view/how-static-are-static-data-
https://www.chromatographyonline.com/view/illicit-drug-analysis-using-gc-ims-and-oral-fluids
https://www.linkedin.com/company/lcgc/
https://www.facebook.com/lcgcmagazine
https://twitter.com/LC_GC


UHPLC Analysis of 
Active Ingredients in 
Oral Rinse Solution

Commercial oral care products contain multiple active ingredients, which 
are generally analyzed by high performance liquid chromatography 
(HPLC). The quaternary ammonium salt cetylpyridinium chloride (CPC) 
interacts with residual silanol groups on ordinary C18 columns, resulting in 
adsorption and severe peak tailing. While adsorption of target compounds 
can be suppressed using ion-pairing reagents, use of additives in the mobile 
phase is not always desirable. This article introduces a high-speed and 
simultaneous analysis of common active ingredients used in mouthwashes, 
namely CPC and dipotassium glycyrrhizinate (GK2), on a C18 column 
specifically designed for analysis of basic compounds. Interaction with 
residual silanol groups was sufficiently suppressed, and good peak shape 
was obtained without the addition of an ion-pairing reagent.

Gesa J. Schad1 and Natsuki Iwata2, 1Shimadzu Europa GmbH, Duisburg, Germany, 2Shimadzu 
Corporation, Kyoto, Japan

has recently been proposed to reduce 
infectivity of airborne-transmitted 
viruses, including SARS-COV-2 variants 
(3). Determination of active ingredients 
in oral rinse solutions or spray during 
production and quality control is generally 
carried out using high performance liquid 

Cetylpyridinium chloride (CPC) and 
dipotassium glycyrrhizinate (GK2) are 
common active ingredients in commercial 
oral care products because they exhibit 
bactericidal and anti-inflammatory 
properties (1,2). CPC has also been 
shown to possess antiviral activity and ew
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chromatography (HPLC) analysis. The 
quaternary ammonium salt CPC carries a 
positive charge (Figure 1) and is therefore 
prone to peak tailing due to adsorption 
to negatively charged residual silanol 
groups remaining on the surface of the 
silica gel packing material of conventional 
C18 columns (1,2). “End-capping”, 
meaning replacement of residual silanol 

with trimethylsilyl groups to reduce 
unwanted secondary interactions, has 
become common practice. However, it 
is impossible to react with all available 
silanol groups, and, depending on the 
target compound, peak tailing may 
occur, despite using a stationary phase 
that has been exhaustively end-capped 
(4). Sometimes ion-pairing reagents 

are used to suppress adsorption of the 
target analytes. However, these can 
permanently bind to the stationary 
phase surface, altering its retention 
characteristics irrevocably. This article 
introduces a high-speed method capable 
of simultaneously analyzing CPC and 
GK2 using a C18 column that was 
specifically designed for the analysis 

of basic compounds, where the effect 
of CPC interacting with residual silanol 
groups can be efficiently suppressed, and 
good peak shape obtained, without the 
addition of an ion-pairing reagent.

Experimental 
Mixed standard solutions of the 
analytes of interest were prepared in 
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Figure 1: Structures of (a) cetylpyridinium chloride (CPC) and (b) dipotassium glycyrrhizinate (GK2).
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Figure 2: Chromatogram of mixed standard solution of CPC and GK2 (100 mg/L each).
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the concentration range of 5–200 mg/L 
and analyzed using the conditions 
listed below. Figure 2 shows a typical 
chromatogram of the separation obtained 
using the 100 mg/L mixed standard 
solution.
Analytical Conditions: System: Nexera 
XR UHPLC (Shimadzu); column: 75 mm 
× 3.0 mm, 2.2-µm Shim-pack Arata 
C18 (Shimadzu); flow rate: 1.0 mL/min; 
mobile phase: A) 0.1% formic acid in 
water, B) 0.1% formic acid in acetonitrile; 
time program: 40%B (0 min)  50%B 

(4.00–4.50 min)  40%B (4.51–7.00 min); 
column temp.: 40 ˚C; injection volume: 
1 µL; detection (PDA): λ = 254 nm.

Discussion
Repeatability of the method was 
determined based on retention time and 
peak area from six successive analyses 
of a 10 mg/L mixed standard solution. 
Linearity was evaluated by producing 
calibration curves using standard 
solutions within a concentration range 
of 5–200 mg/L of CPC and GK2. With 

correlation coefficients of r2 = 0.9999 
or greater, and variation of ≤ 0.6% in 
retention time and peak area for both 
analytes, good linearity and repeatability 
of the assay was established. Detailed 
results can be found in Table 1 and 
Figure 3, respectively. 
Sample Analysis: CPC and GK2 in 
Oral Rinse Solution: Samples of two 
commercially available mouthwashes 
were analyzed. Sample preparation 
consisted of a 10-fold dilution using 
ultrapure water and filtration through 
0.2 μm membrane filters. Chromatograms 
obtained from analysis of these real-life 
samples are displayed in Figure 4(a). The 
diluted samples A and B were found to 
contain 23.1 mg/L of CPC and 143.6 mg/L 
of GK2, and 44.7 mg/L of CPC and 
22.4 mg/L GK2, respectively. 

In addition to peak identification by 
retention time, qualitative data were 
confirmed based on the UV spectra 
recorded using the photodiode array 
(PDA) detector.

Figure 5 shows the comparison of 
spectral data obtained from CPC and 
GK2 standard solutions to PDA data 
from peaks 1 and 2 in sample A. The 
respective UV spectra were normalized 
for comparison. Both peaks could be 
clearly identified as CPC (1) and GK2 (2) 
according to the maximum absorption 
wavelengths at 212 nm and 258 nm for 
CPC, and 250 nm for GK2.

Analysis of highly basic compounds, 
such as quaternary ammonium salts, is 
challenging on traditional HPLC columns. 
Using this dedicated C18 phase prevented 
any secondary interaction of the positive 
charge with residual silanol groups. Good 
peak shape in a fast, gradient method for 
sensitive detection of both analytes of 
interest was achieved without use of an 
ion-pairing reagent.

Conclusion
A fast and simple ultrahigh-pressure 
liquid chromatography (UHPLC) method 
for simultaneous analysis of active 

Peak area (x100,000)Peak area (x100,000)
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Figure 3: Calibration curves of the determination of CPC and GK2 in the concentration range of 
5–200 mg/L.

Table 1: Repeatability (n = 6) of the analysis of CPC and GK2 standard solution (%RSD)

Compound Retention Time Peak Area

CPC 0.14 0.52

GK2 0.08 0.31
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ingredients CPC and GK2 in mouthwash 
was developed. Good peak shape with no 
tailing was obtained using this dedicated 
C18 column, even for the quaternary 
ammonium compound CPC. Results were 
obtained without the addition of an 
ion-pairing reagent, which could alter the 
stationary phase and result in extended 
retention of the analytes. Elution of both 
target compounds could be achieved 
within 4 min with good repeatability 
and proven linearity within the range of 
5–200 mg/L. 
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Figure 4: Chromatograms and enlarged view of CPC and GK2 peaks in (a) mouthwash A and (b) 
mouthwash B.
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The LCGC Blog: 
Laboratory 
Accreditation is Not a 
Cloak of Infallibility

How can you know for sure if the analytical laboratory producing your 
results is processing reliable data?

Kevin A. Schug1 and Zacariah L. Hidenbrand2, 1Department of Chemistry and Biochemistry, 
The University of Texas (UT) at Arlington, Arlington, USA, 2The University of Texas at El Paso, 
Texas, USA

be confident that the measurements are 
an accurate representation of the matrix 
that is being analyzed, and that they are 
of “publication” quality. This is a major 
feather in one’s cap, especially when 
litigation is involved because the state and 
federal court systems regard peer-reviewed 
data as the gold standard.

But how can you know for sure if the 
analytical laboratory that you’ve selected 
is producing reliable data? Often, we 
are quick to assume that analytical data 
are sound and accurate based on an 
accreditation or certification held by the 

Those working in a technical field are 
always trying to innovate and increase 
operational efficiency to produce the most 
value out of any given project. This requires 
making data-driven decisions to identify 
patterns and to forecast the potential 
implications of specific strategic moves. 
As with anything, these decisions are only 
as good as the information that they are 
predicated upon, and the data are only 
as good as the people and processes that 
generate them.

If your decision-making relies on 
analytical chemistry, then you want to N
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laboratory in question. These sorts of 
credentials are meant to indicate reliable 
data production because a series of 
compliance training, proficiency testing, 
and validations is generally required to 
achieve such qualifications. Even so, they 
are not the broad-scale cloak of infallibility 
that many might think they are. In other 
words, just because a given laboratory 
carries a certain accreditation does not 
mean that the data that they generate can 
be trusted without performing a deeper 
dive into their quality assurance and quality 
control protocols (QA/QC).

From our experience in the energy, 
environmental, agricultural, and forensic 
sectors, one must take accreditations at 
face value and ask a bounty of questions 
about control and surrogate retention 
measurements, calibrations, validations, 
and instrumental upkeep. Fortunately, 
the majority of this information is made 
available in a good laboratory’s QA/QC 
reports. Below are some suggestions 
regarding what to look for in QA/QC 
reports, so that you can secure confidence 
in the laboratory’s work and the data that 
it produces.
Control and Surrogate Measurements: 
The use of surrogate, “spiked”, or control 
measurements are a standard practice 
whereby laboratory operators use samples 

of known concentration to assess the 
accuracy and precision of the response 
of their instruments. For many inorganic 
constituents, such as arsenic, an accuracy 
threshold window of 85–115% of the 
known concentration is an acceptable 
range. For organic constituents, such as 
certain volatile organic compounds (VOCs), 
this range can be a bit broader; however, 
one should evaluate this quite closely in 
a given laboratory’s QA/QC to ensure 
consistency and conformity to standards.

As an example, we recently participated 
in an environmental assessment of 
an alleged case of surface water 
contamination where the detection of 
several VOC contaminants was being 
evaluated within the context of federal 
drinking water standards. In this particular 
case, the concentrations of benzene in 
several samples collected from the water 
body of interest were elevated above 
the Environmental Protection Agency’s 
5 parts-per-billion Safe Drinking Water 
Act standard. However, the QA/QC 
report of the accredited laboratory that 
performed the analyses reported accuracy 
ranges between 50–200% as acceptable. 
This means that their instruments that 
performed the VOC analysis could yield 
data that are artificially low or high 
by a very significant amount, and that 

this is supposed to be acceptable for 
some seemingly arbitrary reason. From 
our perspective, this was absolutely 
incomprehensible when we considered the 
potential legal and financial implications 
of the reported data in this particularly 
litigious matter.
Calibrations: Accurate instrumental 
calibration may singlehandedly be the 
most important aspect of reliable data 
generation in analytical chemistry. Proper 
calibration allows the operator of a given 
instrument to interpolate the concentration 
of a particular constituent based on the 
instrumental response to samples of 
known concentrations. This requires that 
one’s calibration standards and certified 
reference materials (CRMs) are dependable 
and haven’t expired, and that their 
serial dilution, for the preparation of a 
multipoint calibration curve, is performed 
accurately. If performed correctly, a 
multipoint calibration curve of five to seven 
points should yield a linear correlation 
value (r-value) >0.99. The incorporation of 
an internal standard is nearly always a  
best practice.

It’s important to keep in mind that 
an instrumental measurement is only 
reliable if the sample response signal falls 
within the range of the calibration curve. 
Attempting to quantify the concentration 

of a given analyte when extrapolating 
beyond the range of the calibration curve 
can lead to inaccurate measurements and 
unreliable data.

We’ve seen this phenomenon plague 
commercial laboratories in the cannabis/
hemp sector, particularly with the 
analysis of concentrates and oil products. 
Depending on the state, laboratories 
operating in this space may not yet be 
guided by a specific set of analytical 
recommendations to guide their QA/QC 
practices. A problem arises when analysts 
may only run three calibration standards 
to create their calibration curve, which can 
then represent an artificially high (or low) 
calibration range. As a result, the analysis 
of a concentrated sample can then present 
a signal that is beyond the calibration 
range. The software then does its best 
to extrapolate the concentration of the 
constituent of interest, and you end up 
with an inaccurate measurement.

A particularly egregious example of this 
was presented on LinkedIn. A cannabis 
business owner was so proud to present 
their new concentrate product that had 
a delta-9-tetrahydrocannabinol (THC) 
concentration of 1045 mg/g. That’s right, 
it was 104.5% pure—a reality-defying 
innovation. We attempted to shine light on 
this inaccuracy by inquiring about the QA/
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QC with the laboratory in question, but we 
all know how “collegial” discourse goes on 
the Internet. Long story short, it turned out 
to be a calibration issue that wasn’t caught 
during data processing and reporting.

Furthermore, it is important to ask your 
laboratory of interest how frequently they 
calibrate their instruments. Instruments 
can fall out of calibration for a number 
of reasons, and it is important that these 
changes in performance are accounted 
for as they arise. Ideally, calibration 
should be performed on the same day 
that real samples are analyzed for their 
determination.
Validations: Laboratories performing 
quantitative and qualitative analyses 
need to follow certain protocols for 
method validation. These are generally 
industry-specific but are similar in the 
types of the measures they prescribe in 
order to demonstrate that a method is fit 
for use and can be expected to provide 
reliable results. In forensics chemical 
analysis, we often see this lacking—it 
appears that much of the standard method 
validation guidance was provided some 
years after the establishment of many 
forensics measurements and that the 
industry has been slow to conform. This 
lack of conformity creates a great deal of 
uncertainty in measurement results.

As just one example, the Texas 
Department of Public Safety currently 
asserts that all of their headspace gas 
chromatograph instruments operated 
across the state are free of matrix effects 
during blood alcohol measurements 
because this was evaluated on a couple 
of instruments in Austin. Many of these 
instruments are also from different 
manufacturers than those in Austin 
and have different headspace sampling 
configurations. That is akin to assuming 
that your Honda Civic runs well because 
your friend’s Ford Fiesta is running well. 
This is not a reliable practice. Every 
instrument must be individually fully 
validated using the prescribed procedures 
to prove that they provide reliable results.
Instrumental Upkeep: Analytical 
instruments need routine maintenance 
and often require major repairs after a 
significant amount of use. Laboratories 
should keep regular maintenance logs 
to document instrumental upkeep. 
Additionally, major alterations, such as 
the installation of new columns, require 
re-validation of the method according to 
guidelines. There should be documented 
re-validation of the instrument performance 
following major maintenance efforts.

Collectively, reviewing these QA/
QC-related items can reveal a considerable 

amount about the veracity of the data 
being generated by a given laboratory. The 
technical fidelity of a laboratory’s QA/QC 
report is far more insightful than a simple 
recitation of standardized accreditations 
and certifications that may be held, which 
as we’ve mentioned, should be taken 
with a grain of salt. All of this feeds back 
into the simple truth that the only thing 
worse than no data is bad data. Given 
our evolving world where correlations, 
projections, and ultimately, data-driven 
decision-making are the standard, it is 
paramount that the information that 
we are reliant upon is generated from a 
trustworthy source that exercises proper 
QA/QC procedures.

This blog is a collaboration between 
LCGC and the American Chemical 
Society Analytical Division Subdivision 
on Chromatography and Separations 
Chemistry.

Kevin A. Schug is Full Professor 
and the Shimadzu Distinguished 
Professor of Analytical Chemistry in 
the Department of Chemistry and 
Biochemistry at The University of 
Texas (UT) at Arlington, USA. He is 
also a Partner in Medusa Analytical, 
LLC. Research in the Schug group at 

UT Arlington spans fundamental and 
applied areas of separation science, 
spectroscopy, and mass spectrometry. 
Schug was named the LCGC Emerging 
Leader in Chromatography in 2009 and 
the 2012 American Chemical Society 
Division of Analytical Chemistry Young 
Investigator in Separation Science. He 
is a fellow of both the U.T. Arlington 
and U.T. System-Wide Academies of 
Distinguished Teachers.
Zacariah L. Hildenbrand is a partner 
of Medusa Analytical. He sits on 
the scientific advisory board of 
the Collaborative Laboratories 
for Environmental Analysis and 
Remediation (CLEAR), is a director 
of the Curtis Mathes Corporation 
(OTC:TLED), and is Research Professor 
at the University of Texas at El Paso, 
USA. Hildenbrand’s research has 
produced more than 60 peer-reviewed 
scientific journal articles and textbook 
chapters. He is regarded as an expert 
in point source attribution and has 
participated in some of the highest 
profile oil and gas contamination cases 
across the United States. 

Website: www.chromatographyonline.
com
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Rising Stars of 
Separation Science:  
Victor U. Weiss
This month we interview Victor U. Weiss, Assistant Professor at TU Wien, 
in Vienna, Austria, about his focus on the analysis and electrophoretic 
separation of nanoparticles from organic, inorganic, and biological sources, 
and the concept behind nano electrospray gas-phase electrophoretic 
mobility molecular analysis (nES GEMMA).

—Interview by Kate Jones

thesis in his research group, he was 
affirmative and told me that there would 
be a commercially available chipbased 
electrophoresis setup intended for gel 
electrophoresis arriving in his research 
group in a few weeks; if I was interested 
I could start to transfer his already 
developed capillary electrophoresis 
(CE) separation setup of virus particles 
without a sieving matrix to the chip 
format—and that also meant adjusting 
the instrumental setup itself. As I am also 
very interested in biochemistry, I was very 
glad for this opportunity. The possibility 
of combining analytical techniques and 

Q. When did you first encounter 
electrophoresis and what attracted 
you to the subject?
A: I first encountered the concept of 
electrophoresis during my studies at the 
University of Vienna, but only during 
my diploma thesis did I really start to 
get involved with the subject. At this 
time, my supervisor, Ernst Kenndler, had 
worked in the field of electrophoresis 
for some time and had published several 
papers on the separation of virus particles 
in a capillary electrophoresis setup. 
When I contacted him to see if there 
would be a chance to do my diploma 
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biochemical questions in one thesis was 
very appealing to me. Also, at this time, 
analytical work with viruses was not very 
common and sounded exotic—who could 
know that 13 years later a viral pandemic 
would strike?

Q. Can you tell us more about your 
Ph.D. thesis?
A: My Ph.D. was a continuation of the 
work I did during my diploma thesis. 
During the latter, we finally succeeded 
in transferring the electrophoretic 
separation of fluorescently labelled 
rhinovirus particles (a virus responsible for 
common cold infections) to the format of 
commercially available, single-use chips 

without the use of an originally supplied 
sieving matrix. In order to do so, we 
modified the software of the instrument 
to allow for electrophoresis in the 
presence of electroosmosis. In contrast 
to conventional capillary electrophoresis 
setups, chip electrophoresis of 
fluorescently labelled rhinovirus particles 
was even possible in the absence of 
detergents. Therefore, we had the idea 
to combine virions and cell surface 
analogues in one sample to set up an in 
vitro model for early viral cell infection. 
This was actually the starting point of 
my Ph.D. thesis. We opted for liposomes 
as vesicles to mimic cell membranes. 
Liposomes are bionanoparticles 

themselves, and are formed of a lipid 
bilayer encapsulating an aqueous lumen. 
These nanoparticles are usually applied 
as carrier molecules in pharmaceutical or 
other applications. In nature, extracellular 
vesicles exhibit a corresponding role and 
can be found in cell/cell communication 
or for cargo transport, for example.

During my Ph.D. studies, I worked in 
the research groups of Ernst Kenndler 
and Dieter Blaas at the University of 
Vienna and the Medical University of 
Vienna. We decorated liposomes with 
recombinant receptor fragments and 
were able to show, not only with capillary 
electrophoresis but also for example, with 
electron microscopy techniques, that it 
is possible to target individual, discrete 
steps of viral uncoating (that is, the 
process of viral conformational changes 
during genome transfer through a lipid 
membrane in the course of cell infection) 
with our developed in vitro setup. We 
followed the attachment of virus particles 
to recombinant receptor molecules 
and receptor-decorated liposomes, as 
well as membrane permeabilization by 
virusderived peptides, viral proteins, and 
entire virions of human rhinovirus in a 
series of papers. Even some years after 
my Ph.D., during my postdoc years at TU 
Wien, I went back to a corresponding 

chip electrophoretic setup and 
demonstrated that it is possible to follow 
the release of the rhinoviral RNA genome 
with chip electrophoresis based on 
molecular beacons as fluorescent probes; 
only in the presence of a complementary 
genomic sequence (that is, the viral RNA) 
would these probes lighten up as the 
spatial proximity between a fluorophore 
and quencher is lost and corresponding 
species are detected. 

Q. What electrophoretic techniques 
have you worked with?
A: I started to work with capillary 
electrophoresis on a conventional 
instrument with UV absorption detection 
either in the absence or the presence 
of detergents. Later on, I also worked 
on a conventional instrument with 
laserinduced fluorescence detection 
before transfering corresponding 
separations to the chip format. And 
there is, of course, nano electrospray 
gas-phase electrophoretic mobility 
molecular (nES GEMMA) analysis, which 
has played a big role in my research. I 
came into contact with the latter method 
when I started my postdoc career at TU 
Wien in the research group of Günter 
Allmaier, almost 12 years ago. After the 
retirement of Günter Allmaier, Martina 

Victor U. Weiss is Assistant Professor at the Institute of Chemical 
Technologies and Analytics, TU Wien, in Vienna, Austria. His main 
areas of interest include the analysis and electrophoretic separation 
in the liquid- and the gas-phase of nanoparticle material from 
various sources (organic, inorganic, biological material) and the 
hyphenation of electrophoretic separations with orthogonal analysis 
methods. His work includes: an improved protocol for preparation 

of RV-A2; setup of an in-vitro model system for early viral cell infection; gas-phase 
electrophoretic-based molecular weight determination of viruses and virus-like 
particles; gas-phase electrophoresis of liposomes; offline hyphenation of gas-phase 
electrophoresis with spectroscopic, spectrometric, and microscopic techniques for 
liposomes; and comparison of nanoparticle size determination techniques.
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Marchetti-Deschmann is now head of 
our research group “Mass spectrometric 
Bio and Polymer Analytics” at the 
Institute of Chemical Technologies and 
Analytics at TU Wien. Together with Ernst 
Pittenauer and Günter Allmaier, who 
is still active as a scientific advisor, we 
form a principal investigator (PI) team, 
covering a broad range of analytes and 
analytical techniques with our expertise, 
ranging from mass spectrometry 
(MS), mass spectrometric imaging, 
metabolomics, and lipid analyses to 
nanoparticle characterization. And I am 
happy to still do (not exclusively but also) 
electrophoresis in the liquid- and the 
gas-phase after all these years.

Q. What is the concept behind nES 
GEMMA? What applications could this 
technique potentially be useful for?
A: Nano electrospray gas-phase 
electrophoretic mobility molecular 
analysis in its current form was first 
described in 1996 by Stan Kaufman 
and colleagues in Analytical Chemistry, 
and a first prototype was run in the 
laboratory of Günter Allmaier and 
Wladyslaw Szymanski at the University 
of Vienna. The same setup is today also 
found under the name nES differential 
mobility analyzer (nES DMA), ion 

mobility spectrometer (macro-IMS), 
LiquiScan electrospray (ES), and scanning 
mobility particle sizer (SMPS). Analytes 
are electrosprayed in their native form 
from a volatile electrolyte solution. 
Subsequently, droplets are dried and 
at the same time charge equilibration 
of analytes occurs in a bipolar 
atmosphere induced, for example, 
by a 210Po α-particle source, a bipolar 
corona discharge process, a soft X-ray 
charger, or similar. After passage of this 
atmosphere, particles are in large parts 
either neutral and are not considered 
further or single-charged. The latter are 
then separated in a high laminar sheath 
flow of particle-free air and a tunable 
electric field. By variation of the field 
strength, only particles of a certain size 
can pass through the size separator (a 
differential mobility analyzer [DMA]) 
based on electrophoretic principles. 
Finally, particles are counted and particle 
numbers are related to the applied 
field strength for separation and, thus, 
ultimately to the surface-dry particle 
size itself, leading to a corresponding 
spectrum. We then combine several 
spectra via their median to correct for 
any spikes detected during individual 
runs. This separation method is in 
accordance with a recommendation of 

the EC for nanoparticle characterization 
(2011/696/EU from 18 October 2011) (1) 
as nanoparticle number-concentrations 
are reported. 

nES GEMMA analysis was successfully 
applied by others as well as in our 
laboratory for the characterization 
of different nanoparticle materials. 
Protein aggregates were analyzed for 
instance, or viruses, virus-like particles, 
gold or silver nanoparticles, polymers, 
polysaccharides, DNA, just to name a 
few different analyte classes. Besides 
information on surface-dry particle size, 
information on analyte heterogeneity and 
particle-number concentration, as well as 
additional material present in a sample, 
is obtained. There is also the possibility 
to calculate the molecular weight of 
an analyte based on its surfacedry 
particle size in the gas-phase when a 
corresponding correlation is applied. This 
is even possible for analytes for which 
classical native electrospray ionization 
(ESI)-MS is sometimes reaching its limits. 
On the other hand, for setting up such a 
correlation, MS data are needed, so both 
methods are actually complementary.

Q. Are there any challenges involved 
with using this technique?
A: For each novel analyte type you 

need to have an idea of how to transfer 
your nanoparticles in their native form 
to the gas-phase. For biomaterials, 
often non-volatile buffer solutions 
are applied as solvents, or the sample 
includes high amounts of detergents. 
These solvents need to be exchanged to 
something volatile—ammonium acetate, 
for instance, because everything that is 
non-volatile will be detected later on. 
When non-volatile buffer components 
are present in high concentrations, 
particularly in comparison to the actual 
analyte, this causes all kinds of undesired 
aggregates to be formed (between buffer 
components and buffer components and 
analytes), either already in solution or 
during the electrospray process. However, 
sometimes, and for some analytes, the 
original solvent system and its exchange 
to something volatile is challenging. One 
possibility is to apply offline dialysis or 
spin filtration steps or—and we did some 
work already in that respect—to combine 
gas-phase electrophoresis online with 
additional separation techniques such 
as size-exclusion chromatography (SEC) 
or CE in the capillary of the nES part of 
the instrument used. Hence, non-volatile 
sample buffer components are removed 
from actual analytes prior to gas-phase 
electrophoresis.
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the latter, you need highly pure and 
concentrated samples, which is usually 
a smaller requirement for gas-phase 
electrophoresis.

Q. Are there any challenges involved 
with using this technique?
A: Yes, definitely. As with every analytical 
technique you need to have your analyte 
in a high enough quantity and quality, 
but given that this is the case, you will 
probably gain valuable information on 
your analyte. One example would be 
human rhinovirus. For a long time it was 
applied in experimental setups after a 
standard preparation and purification 
protocol, which included sucrose 
density centrifugation and digestion 
steps. However, subsequent analyses—
for instance when applying capillary 
electrophoresis—always showed a 
contaminating material present—only 
to a small extent in preparation batches 
but nevertheless present. Only upon 
application of gas-phase electrophoresis 
did we learn that this contaminating 
material is present in a greater 
amount than anticipated, and also in 
approximately the same surface-dry 
particle size range as our actual virions, 
although much more heterogeneous in 
size distribution. It took us some time to 

If you take a virus particle, it consists 
of a proteinaceous shell, sometimes 
also with an additional lipid envelope 
protecting the viral genome from the 
exterior until cell infection occurs. In the 
case of VLPs, this genomic material is 
missing, but otherwise VLPs resemble 
their parent viruses. This makes VLPs 
ideally suited for vaccination purposes, 
for example. There is also the approach 
of applying VLPs as carrier molecules, for 
example, in gene therapy because there 
is the possibility to encapsulate genomic 
material other than of virus origin in 
these particles. However, no matter what 
medical or pharmaceutical application, 
the thorough characterization of the 
resulting bionanoparticles is a necessary 
prerequisite. It is here that gas-phase 
electrophoresis comes into play. In our 
experience, this method is exceptionally 
well suited for the characterization of 
bionanoparticles in terms of size, analyte 
homogeneity, number-concentration, 
or batch purity. Other methods might 
yield this information as well but at 
the cost of long analysis times with 
microscopic techniques, for example, 
because you have to consider a statistical 
valid dataset, or extremely customized, 
expensive instrumentations, such as 
native ESI-mass spectrometry. For 

and biological sources—what 
specifically attracted you to this area 
of research?
A: I think nanoparticle research is a really 
interesting topic—on the one hand, you 
have quite a number of nanomaterials 
available in nature, viruses, for example, 
or corresponding particles that have 
already been used for centuries, such as 
colloidal gold for fabrication of colourful 
glass windows. On the other hand, there 
is still much to learn about such materials, 
and nanomaterial characterization is 
something that can help tremendously in 
that respect. There is even the possibility 
to further develop instrumentation for 
nanoparticle characterization, like the 
work we did and are currently doing 
modifying the nES GEMMA instrument we 
used (2). To me, all these aspects make 
nanoparticle research a very challenging 
and interesting field.

Q. You have recently published 
a paper on characterizing virus-
like particles using gas-phase 
electrophoresis (3). Why is this 
research important and what 
advantages could it offer over 
existing techniques? 
A: Virus-like particles, or VLPs, are 
non-infectious analogues of viruses. 

Likewise, we are working on further 
instrumental developments in our 
research group; for example, the 
exchange of the radioactive 210Po 
α-particle source by a bipolar corona 
discharger. Such a replacement works 
perfectly and makes life in the laboratory 
much more easy because there are no 
longer any radioactive instrumental parts 
to be considered.

An interesting feature of gas-phase 
electrophoresis on the instrument 
used is the collection of nanoparticle 
material of a defined size on supports to 
allow for subsequent in-depth analyte 
characterization applying orthogonal 
methods. Thus, I am also working on 
the offline hyphenation of gas-phase 
electrophoresis with spectroscopic, 
spectrometric, and microscopic 
techniques for improved nanoparticle 
characterization. In addition, the 
comparison of nES GEMMA results 
to data obtained from orthogonal 
nanoparticle size determination 
techniques is of interest to me because 
the combination of methods often results 
in better interpretable data.

Q. Your primary focus is the analysis 
and electrophoretic separation of 
nanoparticles from organic, inorganic, 
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issue that can perhaps be solved in the 
form of VLPs in the near future.
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Rising Stars of Separation Science
The Column will be running a 
series of interviews in 2022, 
featuring the next generation of 
separation scientists. If you would 
like to nominate a “rising star” 
for consideration, please send 
the name of the candidate and 
why they deserve recognition to 
Alasdair Matheson, Editor-in-Chief, 
LCGC Europe and The Column at 
amatheson@mjhlifesciences.com

unambiguously identify lipid species 
applied in the formation of vesicles but 
we envision that it will also be possible 
to target cargo molecules encapsulated 
within liposomes in the future, maybe 
even some contaminating material  
inside vesicles.

Q. Where do you think this research 
could go in the future?
A: One very interesting question is do 
vesicles of different sizes—remember 
that liposomes are rather heterogeneous 
despite extrusion—differ in their lipid 
composition, despite being of the 
same batch? Or, do they encapsulate 
cargo molecules to a different degree 
independent of the actual nanoparticle 
size? Also, a similar technology to 
liposomes is currently applied for 
vaccination purposes. It is of importance 
if nanoparticles include cargo molecules, 
and we think that nES GEMMA in 
combination with mass spectrometry 
might help to deliver that answer.

Q. What projects are you working  
on next?
A: I am currently trying to get a project 
going analyzing SARS-CoV-2 viral 
particles. But obviously, with this project 
the infectivity of the analytes is a big 

A: Liposome analysis via gas-phase 
electrophoresis is another of my fields 
of research. Over the years it has been 
revealed that nES GEMMA is capable of 
yielding some very interesting results for 
these vesicles, for instance, identifying 
sample components that influence cell 
viability in subsequent experiments, 
as mentioned previously. Plus, as it is 
possible with gas-phase electrophoresis 
to size-collect nanoparticle material 
on sample supports for its subsequent 
characterization applying orthogonal 
analysis techniques, we also succeeded 
in collecting intact vesicles for further 
visualization experiments applying atomic 
force microscopy. Interestingly, only after 
passage of the nES GEMMA system and 
vesicle collection were we able to image 
intact vesicles. As soon as we tried to 
deposit vesicles from a liquid solution, 
liposomes burst open while drying on  
the surface.

Once we realized that a liposome 
size-collection step is possible with a nES 
GEMMA setup, we also focused on the 
characterization of individual liposomes. 
In doing so, we did spectroscopic 
analyses of single liposomes. A logical 
additional approach was then based 
on mass spectrometry. Not only it 
is possible with this technique to 

deduce that this additional material was 
related to lipid species. In the end we 
succeeded in improving batch polishing 
either via a lipase digestion step or 
by application of a chromatographic 
separation. Finally, thanks to gas-phase 
electrophoresis, we ended up with highly 
pure rhinovirus preparations. 

Another example are liposomes. We 
can analyze these as well with  
gas-phase electrophoresis and, besides 
the expected material in the size range 
to which vesicles were extruded, we 
also detected lower sized aggregates to 
different extents in different batches. 
First experiments hinted that these 
aggregates influence cell viability, 
and to my knowledge gas-phase 
electrophoresis is one of very few 
methods capable of targeting that 
specific size range and keeping analytes 
in their native state.

Q. Another of your recent papers 
focuses on the offline hyphenation 
of nES GEMMA with matrix-assisted 
laser desorption–ionization mass 
spectrometry (MALDI-MS) for the 
analysis of liposomes (4). What led 
you to develop this approach and 
what advantages does it offer 
 the analyst?
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Training Courses

Please send your event and training 
course information to Kate Jones 
kjones@mjhlifesciences.com

GC
GC Introduction
Website: www.chromacademy.
com/channels/gc-training-courses/
principles/gc-introduction

GC Troubleshooter 
Website: www.chromacademy.
com/channels/gc-training-courses/
troubleshooting/gc-troubleshooter

GC Fundamentals 
Website: www.crawfordscientific.
com/training-consultancy/gc-training/
gc-fundamentals

HPLC/LC–MS 
HPLC Fundamentals 
Onsite training 
Website: www.crawfordscientific.
com/training-consultancy/hplc-
training/hplc-fundamentals

HPLC Troubleshooter 
Website: www.chromacademy.

Validation, Verification & Transfer 
of Methods for Biopharmaceutical 
Analysis 
9–12 May 2022 
Online—virtual 
Website: https://
mournetrainingservices.com/method-
validation-biopharma-course/

com/channels/hplc-training-courses/
troubleshooting/hplc-troubleshooter

Fundamental LC–MS 
Website: www.chromacademy.com/
channels/lc-ms/principles/fundamentals-
of-lc-ms-video-training-course

LC–MS Introduction 
Onsite training 
Website: www.chromacademy.
com/channels/lc-ms/principles/lc-ms-
introduction

Hands-On Complete HPLC and  
LC–MS 
21–25 March 2022 
Manchester, UK 
Website: www.anthias.co.uk/training-
courses/hands-on-complete-LC-LCMS

How to Troubleshoot HPLC 
22 April 2022 
Online—virtual 
Website: https://mournetrainingservices.
com/hplc-troubleshooting-course/ 

SAMPLE PREPARATION 
Fundamentals of Solid-Phase 
Extraction (SPE) Mechanisms 
Online training 
Website: www.chromacademy.com/
channels/sample-preparation/technique/
fundamentals-of-spe-mechanisms 

MISCELLANEOUS 
Coping With COVID-19:  
Remaining Productive and  
Safe in the Analytical Laboratory 
Online webcast from  
CHROMacademy 
Website: www.chromacademy.com/
channels/basic-lab-skills/technique/coping-
with-covid-19-remaining-productive-and-
safe-in-the-analytical-laboratory 

Introduction to Infrared (IR) 
Spectroscopy 
Online webcast from  
CHROMacademy 
Website: www.chromacademy.com/
channels/infrared/principles/introduction-
to-infrared-spectroscopy 

https://www.chromacademy.com/channels/gc-training-courses/principles/gc-introduction
https://www.chromacademy.com/channels/gc-training-courses/troubleshooting/gc-troubleshooter
https://www.crawfordscientific.com/training-consultancy/gc-training/gc-fundamentals
https://www.crawfordscientific.com/training-consultancy/hplc-training/hplc-fundamentals
https://www.chromacademy.com/channels/hplc-training-courses/troubleshooting/hplc-troubleshooter
https://www.chromacademy.com/channels/hplc-training-courses/troubleshooting/hplc-troubleshooter
https://www.chromacademy.com/channels/lc-ms/principles/fundamentals-of-lc-ms-video-training-course
https://www.chromacademy.com/channels/lc-ms/principles/lc-ms-introduction
https://www.anthias.co.uk/training-courses/hands-on-complete-LC-LCMS
https://mournetrainingservices.com/hplc-troubleshooting-course/
https://www.chromacademy.com/channels/sample-preparation/technique/fundamentals-of-spe-mechanisms
https://www.chromacademy.com/channels/basic-lab-skills/technique/coping-with-covid-19-remaining-productive-and-safe-in-the-analytical-laboratory
https://www.chromacademy.com/channels/infrared/principles/introduction-to-infrared-spectroscopy
https://mournetrainingservices.com/method-validation-biopharma-course/
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Event News
18–20 May 2022

The 17th International Symposium on Hyphenated Techniques in Chromatography and Separation Technology (HTC-17)

Ghent University - Aula, Ghent, Belgium

E-mail: htc17@kuleuven.be

Website: https://htc-17.com/

29 May–2 June 2022

The 19th International GC×GC Symposium

Virtual event

E-mail: gcxgcuab@ualberta.ca

Website: https://www.gcxgc-symposium.com

21–24 June 2022

Analytica 2022

Messe München, Munich, Germany

E-mail: info@analytica.de

Website: www.analytica.de/en/

18–22 September 2022

The 33rd International Symposium on Chromatography (ISC 2022)

Budapest, Hungary

Website: https://isc2022.hu
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