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Question: How can ultrashort-chain and branched PFAS in water sources be detected and
quantified?

Problem: Per- and polyfluoroalkyl substances (PFAS) are short to long chains of alkyl

molecules that have their carbons fully or partially saturated with fluorine bonds. These PFAS

are not made naturally, and their carbon-fluorine bonds are too strong for them to be naturally
broken down.! PFAS have industrial applications in non-stick cookware and some water-
repellent clothing.! Consequently, PFAS are leaching into the environment and entering bodies of
water where they eventually get consumed. As PFAS can cause health problems such as altered
immune and thyroid function, liver disease, kidney disease, and cancer, there is a need for an
accurate quantitative analysis method of PFAS in bodies of water and drinking water.?

Proposed Solution: A common method used for the quantification of PFAS in water samples is
high resolution mass spectrometry (HRMS).* HRMS is a great technique for analytical
chemistry, including quantifying PFAS, as it can very accurately distinguish small changes in
mass/charge ratios and provides the ability to discover unknown PFAS by non-targeted
screening.’ However, there are some issues with this technique. HRMS instruments are much
more expensive than low resolution mass spectrometers, are much less common in laboratories,
and require specially trained analysts.* As an alternative method for PFAS quantification, Huerta
et al. propose a method using high performance liquid chromatography (HPLC) in tandem with
mass spectrometry (MS).> Using HPLC with a triple quadruple mass spectrometer provides a
more cost-effective and accessible analytical approach to this problem, providing better
sensitivity compared to HRMS and still yielding great results.* Additionally, as only specific
PFAS were of interest in this experiment, the non-targeting ability of HRMS was not needed.

Technique: Huerta et al. present a method applying high performance liquid chromatography
(HPLC) to quantify 15 perfluorinated substances.” This was done by collecting water samples
from different sources around Ireland including river water, drinking water, and sea water. Each
sample was then further processed in laboratory where they were adjusted to a pH of 3 and
cooled to 4 °C. Samples were then loaded into solid-phase extraction (SPE) cartridges that have
been conditioned with SmL 5% NH3/MeOH then SmL EtOH and 5mL ultra pure water. Samples
were then concentrated by eluting, and 5 pL of 1 ppb standard compound solution were added to
the extracts. The samples were then injected into HPLC coupled to a triple quadruple mass
spectrometer equipped with electrospray ionization source in negative mode. Concentrations
were calculated by comparing samples’ peak area to that of the internal standards on a calibration
curve generated from linear regression analysis (0.01-1000 ng/mL, R”> 0.99).5

Requirements: Time requirements were not explicitly stated in the article for most steps, but the
requirements for the method are as follows: sample collection, sample preservation in fridge or
freezer (depending on time), conditioning SPE cartridges, drying the sample extracts (30 mins),
and running the samples on LC-MS/MS.? In total, this process would likely take 4 hours.

Instruments and Reagents: This method used an Agilent 1260 series Infinity binary pump
HPLC coupled to an Agilent 6470 triple quadruple mass spectrometer, using an Agilent Zorbax



Eclipse Plus C18 column, 3.0 x 50 mm, 1.8 uL column and guard column. Mobile phases of 2
mM formic acid/ammonium formate at pH 3.2 and methanol were used, both at 0.4 mL/min flow
rate.’

Precision and Limits: The reported regression analysis was R”> 0.99 over a concentration range
of 0.01 to 1000 ppb.> Of the various matrices analyzed the limits of detection of all PFAS for
drinking, river, and sea water ranged from 0.46-12.62 ng/L, 0.58-15.15 ng/L, and 0.65-17.7 ng/L
respectively. Additionally, the reported limits of quantification for the different matrices ranged
from 1.54-15.15 ng/L, 1.85-50.48 ng/L, and 2.16-58.90 ng/L. Also, the reported extraction
efficiency for all but 4 PFAS was above 50%.

Precautions: To prevent contamination in the laboratory, non-PFAS lab equipment should be
used whenever possible. Additionally, polypropylene should be used whenever possible instead
of glass as PFAS won’t be retained on the polypropylene.’

Practical Applications: The method proposed by this study offers great practical applications.
This technique provides greater accessibility to PFAS quantification as it is more cost-effective
and utilizes more common instruments in comparison to alternative methods.® Additionally,
although HRMS can provide greater accuracy and flexibility due to non-targeted screening,
HPLC-MS/MS gives greater sensitivity and still provides great results.* Furthermore, the
technique designed for this procedure can easily be manipulated for the analysis of other
compounds in similar matrices. However, another slight disadvantage that this method has in
comparison to HRMS is that it requires individual standard solutions of all PFAS used. Although
this would increase the solution preparation time and budget, this method still appears to be more
practical than alternatives.

Search Technique: A general search engine was used to assess what analytical methods were
commonly used to quantify substances in water samples. An environmentally concerning
chemical that is not often talked about, such as PFAS, was chosen to be the analyte of interest.
Multiple articles and methods were consulted form verified journals and were assessed for their
relevance, practicality, and method validation. When an article was chosen to be the basis for this
scientific paper, the same method was applied to find other techniques also aiming to quantify
PFAS so they could be compared.

Articles Surveyed:

Per- and Polyfluoroalkyl Substance Toxicity and Human Health Review: Current State of
Knowledge and Strategies for Informing Future Research. Environmental Toxicology and
Chemistry

Rapid and Simultaneous Determination of Ultrashort-, Short- and Long- Chain Perfluoroalkyl
Substances by a Novel Liquid Chromatography Mass Spectrometry Method. Journal of
Chromatography A

High-Resolution Mass Spectrometry (HRMS) Methods for Nontarget Discovery and
Characterization of Poly- and Per-Fluoroalkyl Substances (PFASs) in Environmental and Human
Samples. TrAC Trends in Analytical Chemistry
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Abstract

Poly- and perfluoroalkyl substances (PFASs) are a group of synthetic organic surfactants that have become a global concern
because of their toxicity and widespread presence in the aquatic environment and organisms globally. In this study, a new
analytical method has been developed and validated for the analysis of 15 perfluorinated compounds in different water
matrices: river water, drinking water and seawater. Water extraction was performed in anion exchange solid phase extraction
cartridges, and extracts were analysed by liquid chromatography in tandem with mass spectrometry. Recoveries for target
analytes were between 35 and 120%, depending on the water matrix. Method detection limits were in the range of 0.5-17 ng L1
The validated method was applied to the determination of perfluorinated compounds in water samples around Ireland. Eight
compounds out of fifteen were detected at least in one sample. Measured concentrations were higher in river water than
seawater, and drinking water had the lowest levels, although still detectable for a considerable amount of compounds. The
most prevalent compounds were PFPeA, PFOA and PFHxA, present in all types of water, and they had the highest

concentrations.

Table 3 Mean percent recoveries (n=3) of 15 PFASs in the three water matrices, and method detection and quantification limits (MDL,

MQL) in each water matrix (ng L)

Recoveries (+RSD) MLD (ngL™) MLQ (ngL™)
TW SwW RW TW SW RW TW SW RW
PFPeA 120(13) 98(12) 101(10)1.40 1.96 1.68 4.67 6.54 b5.61

PFBS 103(4) 96(9) 99(12) 0.48 0.67 0.58 1.60 2.24 1.92
PFHxA 61(12) 57(9) 59(3) 178 2.49 2.13 592 829 7.11
PFPeS 104 (7) 105(12) 102 (4) 0.75 1.05 0.90 2.49 3.48 2.99
GenX 109(5) 103(2) 105(2) 1.45 2.03 1.74 4.82 6.75 579
PFHXS 71(10) 60(13) 67(3) 0.46 0.65 0.55 1.54 2.16 1.85
PFOA 59(7) 51(5) 55(7) 1.27 1.78 153 424 593 5.09
PFOS 55(13) 59(9) 55(12) 0.91 128 1.10 3.04 426 3.65
PFNA 65(2) 67(12) 63(14) 0.81 1.14 098 2.71 3.80 3.26
PFNS 62(9) 58(3) 61(12) 0.66 093 0.80 2.21 3.09 2.65
PFDA 57(12) 55(9) 59(10) 0.48 0.67 0.58 1.61 2.25 1.93
PFDS 39(5) 35(3) 41(3) 2.43 3.40 2.91 8.09 11.329.70
FOSA 35(7) 39(4) 41(6) 1262 17.67 15.15 42.07 58.90 50.48
PFUdA 48 (4) 45(7) 51(6) 0.91 127 1.09 3.02 423 3.62
PFDOA 37(6) 35(8) 39(7) 4.11 575 4.93 13.6019.17 16.43



