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The Prequel
Per and Polyfl uorinated Alkyl Substances (PFAS) are an extensive family of synthetic, 
fl uorochemicals with a unique set of physical and chemical properties. These properties 
have resulted in their widespread commercial use over the past 50 years in diverse 
applications ranging from fi re fi ghting foams to stain resistant carpet to grease-proof 
pizza boxes. However, these same unique physical and chemical properties also have been 
found to bear serious environmental consequences: widespread dispersion ability, extreme 
environmental persistence and a high degree of bioaccumulation [2]. Although PFAS do 
not exhibit acute toxic properties, researchers have found that PFAS can demonstrate a 
large number of subtle, chronic health effects, primarily affecting the endochrine and 
reproductive systems. Consequently, health experts have long been concerned that low-
level, cumulative exposure to PFAS over an extended period of time could have serious 
health consequences [3]. Therefore, chronic lifetime PFAS exposure pathways - such as 
through food or drinking water – are of particular concern to regulators and are receiving 
enhanced scrutiny.

Initial Concerns
In the US, the initial US Food and Drug Administration (FDA) concern about PFAS centered 
about the contamination of food products through contact with PFAS containing food 
packaging (and to a lesser extent with food processing equipment). The classic examples 
are those PFAS coated pizza boxes, fast-food hamburger wrappers and microwave popcorn 
bags that have done such a marvelous job of keeping grease off our clothes. That problem 
was summarily solved in late 2016 when FDA removed the approval for the use of PFAS in 
food packaging [4].

Likewise, the primary US Environmental Protection Agency (EPA) focus has been on 
drinking water as a primary source of lifetime PFAS exposure. EPA is continuing to 
conduct extensive nationwide testing for PFAS in drinking water under the Unregulated 
Contaminant Monitoring Rule (UCMR) program [5]. These efforts will very likely result in 
specifi c regulatory limits for the allowable concentration of certain PFAS in drinking water. 

Concurrently, other government agencies, such as the US Department of Defense (DOD) 
have been extensively studying the widespread environmental contamination of military 
facilities owing to the extensive historical use of PFAS fi refi ghting foams, principally at air 
bases [6].

Convergence
Initially, these three individual trains of concern seemed to be running on separate tracks. It 
was only more recently that they were seen to be converging toward a much larger, more 
complex problem requiring multimedia, multi agency examination and the use of more 
sophisticated analytical tools. The simplifi ed pathway model shown in Figure 1 illustrates 
the general scope of the problem. By the end of 2019, the FDA was fully on board with 
concerns about PFAS entering the general food supply through environmental sources, 
potentially leading to the contamination of dairy products, bottled water, seafood and 
other consumables [7].

Analytical Implications
This expanded concept of the PFAS problem is clearly a major step forward, but it has 
presented some analytical challenges. Much of the offi cial PFAS methodology developed 
over the past decade has been focused on the analysis of drinking water and aimed 
at a very limited list of analytes. With little challenge from matrix interference, easily 
surmountable chromatography issues and straight forward mass spectrometry, these 
offi cial drinking-water-only methods proved to be inadequate when applied to the analysis 
of PFAS in soil, sediment, sludge and wastewater. When applied to the analysis of foods 
- with a myriad of complex matrices, they are quite ineffective, resulting in a surge in 
PFAS analytical method development centered about complex matrices, with food testing 
occupying a prominent position. The following section features one such application as 
an illustration of the approaches now being pursued in pursuit of the expanded PFAS 
challenge. 

Analysis of PFAS in Dairy Products, Eggs, and Fish 
by LC-MS/MS
Method Introduction. The following work was performed through a collaboration between 
Weck Laboratories, Inc, City of Industry, CA, USA and Phenomenex, Inc, Torrance, 
CA, USA, for the development of new sample preparation and analysis procedures for 
determining low levels of PFAS in food products. This particular application was directed 
at achieving sub-ppb sensitivity for 23 PFAS analytes in dairy products (milk, butter and 
cheese), eggs and fi sh as representative of diffi cult to analyse fatty matrices. The following 
discussion is a synopsis of the full work [8].  

Sample Preparation. One 
gram of homogenised 
sample was spiked with 
internal standards and 
surrogates and an analyte 
mix of 23 PFAS compounds 
(Table 1) at the 1ng/g level, 
followed by the addition of 
10 mL acetonitrile and 10 
ml water. Four replicates 
of each matrix (milk, eggs, 
butter, cheese and fi sh) were 
prepared. The samples were 
processed by a modifi ed 

Per and Polyfl uorinated Alkyl Substances (PFAS) are well known environmental contaminants that have a newly recognised potential to taint certain food products 
through agricultural consumption via environmental transport from contaminated industrial sites [1]. The analysis of PFAS in food products requires more extensive 
analytical preparation techniques, compared to PFAS testing of simple matrices such as drinking water, in order to reduce the impact of sample matrix interferences on 
the subsequent instrumental analysis. An example is provided of a PFAS method applicable to milk, butter, cheese and fi sh.

Figure 1. Pathway Model for Environmental Transmission of PFAS to Food and Consumer

Table 1. PFAS Analyte List .
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QuEChERs procedure using a 
commercial kit (Phenomenex 
roQ Extraction Kit). An 
aliquot (500 uL) of the 
cleaned acetonitrile phase 
was transferred to an LC vial 
for analysis. Figure 2 displays 
an extraction blank and the 
fi ve sample types following 
sample preparation.

Optional Solid Phase 
Extraction. A dispersive 
SPE cleanup was used to 
achieve a 10-fold lower 
level of quantitation. Four 
replicate samples of the egg 
matrix were spiked with the 
PFAS analyte mix at the 0.1 
ng/g level and processed by 
the QuEChERs procedure. 
Following extraction, 500uL 
of the acetonitrile phase 
was diluted with 15 mL 
of water and loaded onto 
a preconditioned, weak-
ion-exchange SPE tube 
(Phenomenex Strata-X-AW 200 mg). The analytes of interest were then eluted with 4 mL 
of 0.3% NH4OH-acetonitrile.The eluate was evaporated to dryness, reconstituted with 
500uL of acetonitrile and transferred to an LC autosampler vial for analysis.

LC-MS/MS Analysis. The chromatography was performed on an Agilent 1290 UHPLC 
system. The LC column employed was a Phenomenex Luna Omega 1.6 um PS C18 
operating at 40ºC with a fl ow rate of 0.55mL/min and an injection volume of 20 uL. The 
mass spectrometer used was an Agilent 6460 QQQ. Various LC-MS/MS conditions were 
explored and an ammonium acetate/acetonitrile gradient (Table 2) proved to be optimum, 
resulting in a run time of approximately 4 minutes. 

Results and Discussion
System calibration showed a linear dynamic response from 0.05 ppb – 1000 ppb 
with a lower limit of quantisation of 0.05 ppb as shown in Figure 3 and a calibration 
chromatogram at the 0.05 ppb level is shown in Figure 4. Recovery data for the fi ve matrix 
types is summarised in Figures 5 - 9. Four replicates of each matrix were spiked at the 1 
ng/g level and prepared for analysis as described above (but were not subjected to the 
solid phase extraction process). Figure 10 presents the recovery data for four replicates of 
the egg matrix spiked at 0.1 ng/g and prepared as described above, but with the addition 
of the solid phase extraction step to increase method sensitivity.

The recovery data show good recovery for all fi ve matrices spiked at the 1ng/g level, with 
most analytes falling into the 80% - 120% recovery range. Precision is generally somewhat 
poorer for the higher fat dairy products than for the lower fat matrices. The recoveries on 
tuna fi sh are particularly good, considering the complexity of the matrix. In comparing the 
analyte recoveries from eggs at the 1 ng/g and 0.1ng/g levels (Figure 9 and Figure 10), 
both show comparable recoveries although, as expected, the higher spike level shows 
greater precision. Overall, the data suggest that the method has suffi cient accuracy and 
precision to potentially be used to assess environmental PFAS contamination of food 
products. Clearly, this is preliminary data and further development and multi-laboratory 
validation would be required to demonstrate such a purpose. However, the data clearly 
show that current sample preparation techniques, coupled with the power of advanced 
chromatography and triple-quad mass spectrometry represent a suitable workfl ow.

The Sequel 
The earlier discussion showed the use of current analytical technology to address the 
challenge of environmental PFAS contamination of the food supply. However, care should 
be taken since experience with analytical chemistry teaches us that we will inevitably be 
facing further analytical challenges from the realm of the ‘unknown-unknowns’.

Figure 2. Samples after QuEChERs Cleanup: From left to Right: Blank, Butter, Cheese, 
Egg, Milk and Fish.

Figure 3. System Calibration Dynamic Range (0.05 – 1000 ppb).

Figure 4. Chromatogram of 0.05 ppb Lower Limit of Quantization Standard.

Figure 5. Milk Recoveries (QuEChERs: 1 ng/g, n=4).

Table 1. PFAS Analyte List

Figure 6. Butter Recoveries (QuEChERs: 1 ng/g, n=4).

Figure 7. Tuna Recoveries (QuEChERs: 1 ng/g, n=4).
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In  PFAS analysis, we are currently discussing a target analyte list of 20, 30 or 40 
compounds? However, the number of compounds in the PFAS universe has been 
estimated at 5000 and even as high as 8,000 which doesn’t include potential 
degradation products. Toxicity is largely a function of the unique chemical and 
configurational state of a molecule that controls the biochemical interaction with the 
organism. So, there is much more analytical work to identify the most important PFAS 
compounds from a toxicity perspective. 

Excellent work is being done with accurate mass and advanced data analysis to give 
us a broader understanding of the chemical complexity of the PFAS universe. However, 
given the complexity and extent of the problem of environmental PFAS contamination, 
it is clear that a lot of hard work has yet to be done.
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Figure 9. Egg Recoveries (QuEChERs: 1 ng/g, n=4).

Figure 10. (Egg Recoveries (QuEChERs + SPE: 0.1 ng/g, n=4).

Figure 8. Cheese Recoveries (QuEChERs:1 ng/g, n=4).
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Unique HPLC Columns for Extremely Polar Samples
Cogent Diamond Hydride™ HPLC Columns from Microsolv have a silica-hydride surface similar to other Cogent TYPE-C™ phases, but the uniqueness of Diamond Hydride™ 
is that they have a very small amount of carbon on the surface that adjusts the hydrophobicity to an important level.

It has been the choice of scientists working in metabolomics, bio-analytical or with LCMS for compounds such as amino acids, organic acids, carbohydrates, and very polar 
small molecules. Non-polar and polar peptides have been separated in the same run.

An important alternative to HILIC, these columns perform extremely well in Aqueous Normal Phase which uses Acetonitrile and Water but equilibrates very rapidly and the data 
produced is very precise.

Available in Guard, Analytical or Prep sizes with 100A, 4um or 2.2um particle sizes.

More information online: ilmt.co/PL/Ezzq
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Monolithic Chromatography and its Modern Applications
High-performance liquid chromatography has become the predominant global separation technique over the past four decades. However, the recent development of an 
alternative column packing material - a one-piece porous solid known as a ‘monolith’ - has transformed the field. Monoliths have attracted a large amount of interest due to 
the enhanced speed and thoroughness with which they can separate complex mixtures of biological molecules.

Monolithic Chromatography and its Modern Applications is the book for any seasoned scientist already using monolithic columns, as well as those novices who are new 
to the area and would like to know more about this technique. It’s the ideal resource for all analytical laboratories thinking of improving their separation protocols. In this 
book, global experts comprehensively describe this developing field, with part one covering the synthesis and characterisation of the columns and part two discussing their 
numerous applications.
More information online: ilmt.co/PL/YpPB
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