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Podder et al. 2021; Wang et al. 2022). PFAS are also known 
as “forever chemicals” (Kempisty et al., 2021). Because of 
the highly valued properties of water-resistant, oil-resistant, 
and heat-resistant, since the 1950s, PFAS have been used 
in a large number of industrial applications and consumer 
products such as non-stick coating, surfactants, food-pack-
aging materials, aqueous film forming foam (AFFF), kitch-
enware, cleaning products (Chu et al. 2016; Jurikova et al. 
2022; Place et al., 2012; Schaider et al. 2017; Tokranov et 
al. 2019; Trier et al. 2011; Wang et al. 2017; Y.-Q. Wang et 
al. 2022; Young et al. 2022). Many PFAS substances are 
released from industrial sources, agricultural sites, and con-
sumer products into the environment, and have the potential 
to accumulate in food chains (Ahrens et al., 2014; Jurikova 
et al. 2022; Müller et al. 2011; Pérez et al. 2013). PFAS 
production sites are major point sources of various water 
bodies, including surface water, groundwater, drinking 
water, and wastewater contamination in the United States 
and in other countries (Babayev et al. 2022; Houtz et al. 
2016; Pan et al. 2016; Xu et al. 2021). It was reported that 
PFAS have been associated with adverse effects on human 

Introduction

Per- and polyfluoroalkyl substances (known as PFAS) are 
synthetic organic substances in which the hydrogen atoms 
are completely or partially substituted by fluorine atoms 
(Buck et al. 2011; Wang et al. 2022). PFAS are widely used, 
long-lasting chemicals and found at various levels in water, 
air, fish and meat, crops, and soil as well as in the blood of 
people and animals over the world. PFAS substances are 
stable and persistent pollutants that can be hardly degraded 
because of the strong carbon-fluorine bond (Pan et al. 2016; 
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Abstract
An accurate analytical method was developed to determine selected per- and polyfluorinated alkyl substances (PFAS) at 
the level of parts per trillion (ppt or ng/L) in drinking water. The method included a concentration step using solid phase 
extraction (SPE) approach in combination with a liquid chromatography-tandem mass spectrometry system (LC-MS/MS). 
This method was optimized and validated for the common PFAS contaminants in drinking water. An initial demonstration 
of capability was established with an acceptable initial calibration, minimum reporting limit (MRL), limit of detection 
(LOD), initial demonstration of low system background, and initial demonstration of precision (IDP). Isotopically labeled 
internal standards were used for quantification. Surrogate standards were used to monitor method performance. The cur-
rent method will help in better understanding of PFAS crisis by providing an efficient measurement of PFAS in water. 
In this study, the recoveries of four surrogates were between 84 and 113%, and calculated limit of detection (DL) and 
minimum reporting limits (MRL) were generally 1.0–3.0 and 5–10 ng/L, respectively.
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growth, implicated effects on birth weight, carcinogenesis, 
early menopause, fertility disorders, and thyroid malfunc-
tion (Crone et al. 2019). The use of perfluorooctanoic acid 
(PFOA) and perfluorooctanesulfonic acid (PFOS) has been 
significantly reduced in the U.S. since the manufacturers 
stopped production in 2006 (Brennan et al. 2021). However, 
the high stability of PFOA and PFOS makes their persis-
tence in the environment for an extended period of time and 
it becomes an ongoing issue (Hernandez et al. 2022). Ana-
lytical methodology for the monitoring and determination of 
PFAS substances is important to support environmental fate 
studies, enhance environmental regulation and promote con-
tamination remediation (Jia et al. 2022). Solid-phase extrac-
tion (SPE) is a commonly used technique for PFAS sample 
preparation, including SPE cartridge extraction, solid-phase 
microextraction (SPME), and dispersive solid-phase extrac-
tion (DSPE) that can be used to concentrate PFAS prior to 
instrumental analysis (Jia et al. 2022; Lorenzo et al. 2018; 
Tröger et al. 2018). SPE cartridge extraction is one of the 
most popular techniques for sample preparation (Jia et al. 
2022; Taniyasu et al. 2022). For example, an inter-labora-
tory trial was performed to validate ISO 21,675 method for 
the measurement of PFAS in water samples using the solid 
phase extraction method and LC-MS/MS (Taniyasu et al. 
2022). A total of 27 laboratories from 11 countries worked 
on the same PFAS analytical method on river water, seawa-
ter, and wastewater (Taniyasu et al. 2022). Another recent 
study reported that further extract clean-up using weak 
anion exchange SPE (WAX SPE) did not seem to be nec-
essary because it readily led to lower fortification recover-
ies and thus resulted in lower precisions and higher LODs 
(Groffen et al. 2021). Most PFAS contaminants existing in 
the environments are at low concentrations. The objective 
of the present study aimed to develop an analytical method 
for the accurate determination of 16 PFAS at part per trillion 
(ppt or ng/L) levels in drinking water.

Materials and Methods

The organic solvent (methanol) used in the study was 
LC-MS grade (Thermo Fisher Scientific, Waltham, MA, 
USA) and the water was reagent water of LC-MS grade 
(VWR, USA). They were tested free for PFAS contamina-
tion before use. Ammonium acetate optima and acetic acid 
optima (1 mL glass ampoule) were of LC-MS grade and they 
were purchased from Thermo Fisher Scientific (Waltham, 
MA, USA). An ammonium acetate solution (100 mM) was 
prepared by dissolving 770 mg of ammonium acetate in 
100 mL of the LC-MS grade reagent water. TRIZMA preset 
crystals were purchased from Fisher Scientific (Waltham, 
MA, USA). Trizma was used as a buffer to maintain the pH 

of the tested water near 7.0 at 25 °C and also to remove free 
chlorine if present. Argon was used as collision gas in MS/
MS instruments. PFAS analytical standards were purchased 
from Wellington Laboratories (Ontario, Canada). PFAS 
analytical standards were received in multiple ampules A 
mixture of twenty-seven (27) analytical standards of native 
PFAS and isotopically labeled analogs covering a range of 
5 compound classes were acquired at high purity (> 98%). 
A list of the native PFAS and isotopically labeled internal 
standards properties is presented in Table 1.

PFAS Primary Dilution Standards (250 ng/mL) were pre-
pared by dilution of stock standard (2000 ng/mL) 1:8 with 
96% MeOH. This standard was used to prepare calibration 
standards. This method used four (4) surrogate compounds 

Table 1 List of native PFAS compounds
Analyte Acronym Chemical 

Abstract 
Services

Hexafluoropropylene oxide dimer 
acid

HFPO-DA 13252-13-
6b

N-ethyl perfluorooctanesulfonami-
doacetic acid

NEtFOSAA 2991-50-6

N-methyl perfluorooctanesulfonami-
doacetic acid

NMeFOSAA 2355-31-9

Perfluorobutanesulfonic acid PFBS 375-73-5
Perfluorodecanoic acid PFDA 335-76-2
Perfluorododecanoic acid PFDoA 307-55-1
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorohexanesulfonic acid PFHxS 355-46-4
Perfluorohexanoic acid PFHxA 307-24-4
Perfluorononanoic acid PFNA 375-95-1
Perfluorooctanesulfonic acid PFOS 1763-23-1
Perfluorooctanoic acid PFOA 335-67-1
Perfluorotetradecanoic acid PFTA 376-06-7
Perfluorotridecanoic acid PFTrDA 72629-94-8
Perfluoroundecanoic acid PFUnA 2058-94-8
11-chloroeicosafluoro-3-oxaundec-
ane-1-sulfonicacid

11Cl-PF3OUdS 763051-
92-9c

9-chlorohexadecafluoro-3-oxanon-
ane-1-sulfonic acid

9Cl-PF3ONS 756426-
58-1d

4,8-dioxa-3 H-perfluorononanoic 
acid

ADONA 919005-
14-4e

Table 2 Surrogate standard stock solution
Surrogate Acronym Final con-

centration
µ (µg/mL)

Perfluoro-n-[1,2-13C2] decanoic 
acid

13C2-PFDA 1.0

Perfluoro-n-[1,2-13C2] hexanoic 
acid

13C2-PFHxA 1.0

 N-deuterioethylperfluoro-1-oc-
tanesulfonamidoacetic acid

d5-NEtFOSAA 4.0

Tetrafluoro-2-heptafluoropro-
poxy-13C3-propanoic acid

13C3-HFPO-DA 1.0

1 3

32 Page 2 of 8



Bulletin of Environmental Contamination and Toxicology (2023) 110:32

listed in Table 2. These surrogate analytes were defined as 
pure chemicals (i.e., isotopically labeled PFAS compounds) 
which were chemically similar to but different from the 
tested PFAS substances. These chemicals were added to 
each sample with a known amount (20 µL of Surrogate 
Primary Dilution Standards) before processing and were 
measured using the same analytical method. The purpose 
of using selected surrogates was to monitor method perfor-
mance from the beginning of extraction to the completion 
of analysis. Surrogate Primary Dilution Standards were pre-
pared by dilution of surrogate standard stock solution 1:10 
with 96% MeOH.

The current method used three isotopically labeled inter-
nal standard compounds (13C2-PFOA, 13C4-PFOS, and 
d3-NMeFOSAA) with stock solution concentrations of 1, 
3, and 4 µg/mL, respectively. Internal Standard Primary 
Dilution Standards were prepared by dilution The Internal 
Standards stock solution (from Wellington) 1:10 with 96% 
MeOH. 20 µL Internal Standard Primary Dilution Standards 
were added to each sample before analysis.

Sample Collection and Preparation

Sample collection of tap water samples was performed at 
Michigan State University, East Lansing, Michigan. Sam-
ples of drinking water were collected in polypropylene bot-
tles fitted with a polypropylene screw cap. The bottles were 
rinsed twice with 20 mL of methanol and twice with 20 mL 
of reagent water and air-dried prior to use. Each polypro-
pylene bottle contained 1.25 g of Trizma as a preservative. 
A minimum of 250 mL of water samples was collected. 
The samples were kept in a refrigerator at 4 °C until the 
extraction.

Fortification samples at levels 5, 10, 16, and 80 ng/L were 
prepared by spiking reagent water with known amounts of 
PFAS. Before sample extraction, all samples were forti-
fied with surrogates. The extraction was performed by well 
mixing the sample and passing the sample through an SPE 
cartridge containing polystyrene divinylbenzene (PSDVB). 
Solid phase extraction (SPE) was performed using a vacuum 
manifold (Fig. 1). The SPE steps are as follows: eluate 3–5 
mL of methanol, 3–5 mL of water, 250 mL of the sample, 
and 2 × 7.5 mL of reagent water (to rinse the polypropylene 
bottle) and dropwise pass them through the SPE cartridge 
column under the vacuum. The flow rate was controlled to 
be 2–4 drops per second. Do not let the SPE column go 
dry. Finally, the PFAS compounds were eluted from the SPE 
sorbent with 4 mL of methanol by gravity. The extract was 
concentrated to dryness on an E-NVAP under a stream of 
nitrogen (water bath 60℃). Adjust the final volume to 1.00 
mL volume with methanol:water (96:4, vol/vol). A known 
amount of the internal standards was added before sample 
analysis.

LC-MS/MS analysis was carried out using a Thermo 
Scientific Vanquish UHPLC system that included PFAS 
Upgrade Kit (Vanquish Flex Binary) in combination with 
TSQ Altis Triple-Stage quadrupole mass spectrometer. 
The mass spectrometry system was operated in a nega-
tive ionization mode and the separation of PFAS analytes 
was performed using an Acclaim RSLC 120 C18 column 
(2.1 × 100 mm, 2.2 μm). During the current study, the sepa-
ration of Accucore RP-MS column (2.1 × 100 mm, 2.1 μm) 
was evaluated as well. The analytical LC Column (Acclaim 
RSLC 120 C18) provided higher retention times for PFAS 
analytes than the Accucore RP-MS column. Both columns 
gave similar results. A comparison of the chromatograms is 
given in Fig. 2.

A delay LC column (Hypersil Gold 3.0 × 50 mm, 1.9 μm) 
was used to separate the target PFAS from interferences 
from the LC system. The separation of the PFAS com-
pounds took place within a 20-min gradient elution program 
(Table 3) using gradient A (water, containing 2 mM ammo-
nium acetate and 2% MeOH and 0.1% acetic acid) and gra-
dient B (methanol, containing 2 mM ammonium acetate and 
2% H2O and 0.1% acetic acid) as mobile phase.

The flow rate was 400 µL/min. Injection volume 5 µL. 
Sample compartment set at 10 °C. MS/MS method condi-
tions/parameters of HESI-MS were: negative polarity, spray 
voltage 1500 V, sheath gas 50 (Arb), Aux gas 12 sweep gas 
0.5, ion transer tube temp. 250 °C, vaporizer temp. 225 °C, 
desolvation heated nitrogen gas. The Selective Reaction 
Monitoring (SRM, also known as MRM) transition of 
quantitation are given in Table 4. A second set of SRMs are 
monitored to ensure/confirm the identities of PFAS. The 
confirmative SRMs are not listed in Table 4.

Fig. 1 SPE extraction apparatus with transfer lines
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only be used if acceptable quality control parameters (QC 
criteria) are met.

The LC-MS/MS system was calibrated using the inter-
nal standard (IStd). The software of LC-MS/MS data sys-
tem was Thermo Chromeleon which was used to generate 
a linear regression calibration curve for each of the PFAS 
analytes. The initial calibration was validated by calculating 
the concentration ratio of each PFAS analyte to the pre-set 
IStd as an unknown against its regression equation. For the 
calibration levels that are less than the minimum reporting 
limit (MRL), the results for each analyte were within ± 50% 
of the true values. All other points of the calibration were 
within ± 30% of their true values.

On Agust 3, 2020, the State of Michigan officially passed 
laws regarding maximum contaminant levels (MCLs) for 
seven different types of per- and polyfluoroalkyl substances 
(hexafluoropropylene oxide dimer acid (HFPO-DA), perflu-
orobutane sulfonic acid (PFBS), perfluorohexane sulfonic 
acid (PFHxS), perfluorohexanoic acid (PFHxA), perfluo-
rononanoic acid (PFNA), perfluorooctane sulfonic acid 
(PFOS) and perfluorooctanoic acid (PFOA)) with MCL’s 
values 370, 420, 51, 400,000, 6, 16 and 8 ng/L respectively. 
For this reason, two values (5 and 10 ng/L) were selected 
and tested to be the minimum reporting limit (MRL). MRL 
confirmation was established by spiking, extracting, and 
analyzing seven replicates LFBs (Shoemaker et al., 2018).

The mean measured concentration and standard devia-
tion for these replicates were calculated. Half Range for the 
prediction interval of results (HRPIR) was calculated by.

HRPIR = 3.963 s.
where s is the standard deviation, 3.963 is a constant 

value for seven replicates.
Prediction Interval of Result (PIP) is calculated by.
PIR = Mean + HRPIR.
The requirements for upper and lower limits for PIP are:

 ● Upper PIR Limit ≤ 150% recovery.
 ● (Mean + HRPIR)/ (Fortified Concentration) × 100% 

≤150%.
 ● Lower PIR Limit ≥ 50% recovery.
 ● (Mean-HRPIR)/ (Fortified Concentration) × 100% 

≥50%.

The minimum reporting limit (MRL) is considered vali-
dated if both the Upper and Lower PIR Limits meet the cri-
teria described above.

The results showed that 5 ng/L of the spike level was 
validated as MRL for the following PFAS substances: 
PFHxA, PFHpA, ADONA, PFOA, PFNA, PFTrDA, 9-Cl-
PF3ONS, NmeFOSAA, and PFTA (Table 6). Furthermore, 
10 ng/L of the spike level was validated to be a mini-
mum reporting limit for the following PFAS compounds: 

Results and Discussion

Initial demonstration of capability quality control require-
ments was established (Shoemaker et al., 2018). An accept-
able initial calibration was obtained by performing ESI-MS/
MS tune. That included running the check mass calibration 
and the Electron Multiplier Gain to maintain mass accuracy 
and mass resolution of the instrument. Obtaining stable sta-
bility was obtained prior to performing mass calibration. 
Compound optimization was performed by infusing approx-
imately 250 ng/mL of each analyte directly into the MS/
MS at flow rate of 0.4 mL/min. LC operating parameters 
were established to optimize resolution and peak shape. A 
set of ten calibration standards were prepared as described 
in Table 5. The concentration of the lowest calibration stan-
dard was below the minimum reporting limit (MRL). MRL 
was defined as a minimum concentration of quantitation 
that can be reported for the analyte of interest in the sample 
following the analytical method. This concentration can 

Table 3 HPLC gradient program
Time (min) A % B % Flow (mL/min)
0.00 80 20 0.4
1.00 50 50 0.4
6.00 35 65 0.4
13.00 00 100 0.4
15.50 00 100 0.4
15.70 80 20 0.4
20.00 80 20 0.4

Fig. 2 Chromatograms for Acclaim RSLC 120 C18 column and Accu-
core RP-MS column
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where s = standard deviation of replicate analyses, t (n−1, 

1−α=0.99) = Student’s t value for the 99% confidence level 
with n-1 degrees of freedom, and n = number of replicates, 
respectively. Table 6 shows the estimated detection lim-
its (DLs) and minimum reporting limits (MRLs) for each 
PFAS.

PFBS, HFPO-DA-CO2, 9-Cl-PF3ONS, PFDA, PFUnA, 
11Cl-PF3OUdS, PFDoA, PFHxS, PFOS and NEtFOSAA 
(Table 6). Detection limit (DL) can be estimated by forti-
fying, extracting, and analyzing seven replicate LFBs at 5 
ng/L (or the lowest fortification level). DL is calculated by:

DL = s × t (n−1, 1−α =0.99).

Table 4 MS/MS Method Conditions
Compound Retention 

time 
(min)

RT 
window 
(min)

Precursor 
ion
(m/z)

Product 
ion
(m/z)

Collision 
energy 
(V)

Min. dwell 
time 
(ms)

RF 
lens
(V)

PFBS 3.75 2.0 298.9 80.0 30.95 67.7 123
PFHxA 4.83 2.0 313.0 269.0 8.41 47. 6 30
13C2-PFHxA 4.86 1.5 315.0 270.0 8.33 47. 6 31
HFPO-DA-CO2 5.25 2.0 285.0 169.0 5.25 47. 6 93
13C2-HFPO-DA 5.16 1.5 287.0 169.0 5.25 47. 6 94
PFHpA 6.36 2.0 363.0 319.0 8.83 47.6 36
PFHxS 6.47 2.0 398.9 80.0 35.88 47.6 157
ADONA 6.54 2.0 377.0 251.0 10.64 47.6 41
PFOA 7.91 2.0 413.0 369.0 9.17 56.2 39
13C2-PFOA 7.92 1.5 415.0 370.0 9.55 56.2 40
PFOS 9.14 2.0 498.9 80.0 40.76 32.7 249
13C4-PFOS 9.19 1.5 502.9 80.0 40.17 32.7 249
PFNA 9.12 1.5 463.0 419.0 9.63 32.7 44
9-Cl-PF3ONS 9.66 1.5 530.9 351.0 24.55 32.6 129
PFDA 10.04 1.5 513.0 469.0 9.97 32.6 51
NEtFOSAA 11.19 2.0 584.0 419.0 19.11 32.6 100
13C2-PFDA 10.06 1.0 515.0 470.0 9.97 32.6 51
d3-NMeFOSAA 10.72 2.0 573.0 419.0 18.82 32.6 102
NMeFOSAA 10.76 2.0 570.0 419.0 18.52 32.6 115
d5-NEtFOSAA 11.14 1.5 589.0 419.0 19.11 32.6 99
PFUnA 10.79 1.5 563.0 519.0 10.64 32.6 54
11Cl-PF3OUdS 11.1 1.5 630. 9 451.0 27.03 32.6 140
PFDoA 11.42 1.5 613.0 569.0 11.23 32.6 60
PFTrDA 11.96 1.5 662.95 619.0 11.53 32.6 65
PFTA 11.41 1.5 712.95 669.0 12.33 36.5 69

Table 5 Standards calibration solutions preparation
PFAS 
equiv in
water
(ng/L)

Target 
PFAS
(ng/mL)

Stock 
Conc.
(ng/mL)

Volume
Stock 
(µL)

Surr
(µL)

IStd
(µL)

MeOH
(µL)

water (µL) Total
(µL)

0.1 0.025 0.25 100 20 20 820 40 1000
0.2 0.05 0.25 200 20 20 720 40 1000
0.5 0.125 2.5 50 20 20 870 40 1000
1 0.25 2.5 100 20 20 820 40 1000
2 0.5 2.5 200 20 20 720 40 1000
5 1.25 25 50 20 20 870 40 1000
10 2.5 25 100 20 20 820 40 1000
20 5 25 200 20 20 720 40 1000
50 12.5 250 50 20 20 870 40 1000
100 25 250 100 20 20 820 40 1000
Remark: PFAS equiv in water: targeted PFAS’ concentrations equivalent in the drinking water sample; Target PFAS: concentration of targeted 
PFAS in the final calibration standard; Stock Conc.: concentration of stock solution; Stock: Stock Solution; Surr: Surrogate Dilution Solution; 
IStd: Internal Standard Dilution Solution; MeOH: Methanol; water: Reagent water.
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lab glassware, processing equipment, solvents and reagents, 
sample preservation, internal standard and surrogate, and 
analytical instrument that may be used in the analysis batch. 
Initial demonstration of low system background was per-
formed by analyzing LRB with each extraction batch to con-
firm that background contamination is not interfering with 
the detection of analytes of interest. The results of the analy-
sis of LRBs during the current study were within the accept-
able range and the background from any contaminants that 
interfere with the measurement of PFAS compounds was 
below 1/3 of the minimum reporting limit (MRL). Keep-
ing a record of LRBs data is very important to monitor 
background contamination which is considered a signifi-
cant problem for several PFAS analytes. Laboratory forti-
fied blank (LFB) was defined as reagent water, tab water, 
or surface water spiked with known amounts of the tested 
PFAS substances, preservation compounds, surrogates, and 
internal standards in the laboratory. The main objective of 
LFB is to make sure that measurements are accurate, and 
that the analytical method is under control. LFB was ana-
lyzed exactly like a sample. Initial demonstration of preci-
sion (IDP) was performed by Preparation, extraction, and 
analysis of a minimum of four replicates LFBs fortified by 
16 and 80 ng/L.

For spiking level 16 ng/L (four replicates), the average 
recoveries ranged from 79 to 117 ng/L with relative standard 

Laboratory reagent blank (LRB) was defined as reagent 
water, tab or surface water that was treated in the same man-
ner as the sample including exposure to sample container, 

Table 6 Calculated DLs and MRLs
Analyte Fortified 

Conc. (ng/L)
DL* (ng/L) MRL** 

(ng/L)
PFBS 5.0 1.38 10
PFHxA 5.0 1.10 5
HFPO-DA-CO2 5.0 2.02 10
PFHpA 5.0 1.55 5
ADONA 5.0 1.35 5
PFOA 5.0 1.41 5
PFNA 5.0 1.33 5
9-Cl-PF3ONS 5.0 1.16 10
PFDA 5.0 1.28 10
PFUnA 5.0 1.20 10
11Cl-PF3OUdS 5.0 1.05 10
PFDoA 5.0 1.25 10
PFTrDA 5.0 1.16 5
PFTA 5.0 1.33 5
NEtFOSAA 5.0 2.54 10
NMeFOSAA 5.0 2.19 5
PFHxS 5.0 3.08 10
PFOS 5.0 2.31 10
Remark: * Limits of Detection (LOD or DL) established for all 
compounds at spiking 7 replicates at level 5 ng/L.
** Minimum Reporting Limits (MRL)

Table 7 Precision and accuracy of fortified reagent water (spiking level 16 and 80 ng/L, n = 4)
Analyte Fortified

Conc. (ng/L)
Mean %
Recovery

% RSD Fortified
Conc. (ng/L)

Mean % Recovery % RSD

Targeted PFAS
PFBS 16.0 92 10 80.0 89 14
PFHxA 16.0 105 3 80.0 103 10
HFPO-DA-CO2 16.0 113 5 80.0 108 9
PFHpA 16.0 117 1 80.0 113 7
PFHxS (Linear) 16.0 97 3 80.0 91 7
ADONA 16.0 108 3 80.0 106 7
PFOA 16.0 114 3 80.0 111 7
PFNA 16.0 100 7 80.0 89 10
PFOS (Linear) 16.0 85 8 80.0 73 9
9-Cl-PF3ONS 16.0 81 5 80.0 74 11
PFDA 16.0 87 6 80.0 79 9
NMeFOSAA (Linear) 16.0 81 5 80.0 74 9
PFUnA 16.0 79 4 80.0 75 9
11Cl-PF3OUdS 16.0 79 2 80.0 74 10
NEtFOSAA (Linear) 16.0 80 4 80.0 73 8
PFDoA 16.0 81 3 80.0 77 9
PFTrDA 16.0 82 2 80.0 81 9
PFTA 16.0 86 2 80.0 91 7
Surrogates
13C2-PFHxA 2000 113 3 2000 100 6
13C2-HFPO-DA 2000 111 9 2000 99 7
13C2-PFDA 2000 91 8 2000 76 9
d5-NEtFOSAA 8000 84 7 8000 72 4
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132%. The surrogate recoveries ranged from 87 to 104% 
with RSD ranging between 7 and 10%. The surrogate recov-
eries and RSD results were within the acceptable range 
70–130% and ≤ 20% respectively (Table 8). For surface 
water, the average recoveries ranged from 72 to 114 ng/L 
with a relative standard deviation (RSD) ranging between 
1 and 8%. The recoveries and RSD results were within the 
acceptable range 70–130% and ≤ 20% respectively except 
for PFTrDA and PFTA, the average recoveries were 62 and 
57%. The surrogate recoveries ranged from 82 to 101% 
with RSD ranging between 2 and 7%. The surrogate recov-
eries and RSD results were within the acceptable range of 
70–130% and ≤ 20% respectively (Table 8).

Conclusion

This method was developed and validated to determine 
16 PFAS at part per trillion levels. An initial demonstra-
tion of capability was performed with an acceptable initial 
calibration, Initial demonstration of peak asymmetry factor, 
minimum reporting limit (MRL), detection limits, initial 
demonstration of low system background, and initial dem-
onstration of precision (IDP). The method provides better 
and more efficient detection and accurate measurement of 
PFAS in drinking water.
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