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Analysis of ultrashaort-chain PFAS compounds in drinking water using
EPA Method 563 and the QTRAP 6500+ system

Simon Roberts?, Holly Lee?, Kendra J. Adams?
ISCIEX, USA; ®SCIEX, Canada

This technical note describes a direct injection LC-MS/MS
method for the simultaneous analysis of 7 ultrashort-chain
PFAS in drinking water. The inclusion of ultrashort-chain PFAS
compounds in EPA Method 563 introduces new analytical
challenges in Unregulated Contaminant Monitoring Rule 6
(UCMR 6] monitoring programs due to poor chromatographic
retention, elevated background contamination and limited
fragmentation of target compounds. Using the QTRAP 6500+
system, an optimized LC-MS/MS workflow delivered robust
retention, selective detection, and reliable quantitation of 7
EPA  Method 563 target Verified
concentration minimum reporting levels (LCMRLs] are mostly

analytes. lowest
lower than the proposed UCMR 6 minimum reporting levels,
ranging from 0.059 ng/L for TFSI to 74.6 ng/L for TFA, with low
ng/L sensitivity achieved for PFPrS [3.68 ng/L), PFEtS (5.14
ng/L), and TFMS (6.44 ng/L]). The method provides a practical
solution for routine drinking water monitoring while
the

challenges commaonly associated with ultrashort-chain PFAS

addressing contamination and chromatographic

analysis.
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Key benefits of the QTRAP 6500+ system for the

EPA 563 method:

e Verified LCMRLs meet the proposed UCMR 6 reporting
requirements in six out of seven ultrashort-chain
organofluorine compounds.

e Good retention and peak shape for highly polar
analytes using Phenomenex Luna Omega PS C18 column
with a 10-minute gradient, reducing run time from 28
minutes.

e Automated custom calculations and conditional
formatting in SCIEX 0S 5.0 Report Studio.

e Stable
batches, with internal standard recoveries of 57-149%

performance across extended analytical
over approximately 150 injections.

e Effective management of background contamination
challenges associated with compounds such as TFA and
PFPrA.
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Figure 1: Extracted ion chromatograms of the 7 native compounds and twa internal standards for low-level QC spike over a 10-minute gradient



Introduction

The inclusion of seven ultrashort-chain  per-and
polyfluoroalkyl substances (PFAS] in the U.S. EPA's Sixth
Unregulated Contaminant Monitoring Rule [UCMR B)* has
increased the need for analytical methods capahle of reliably
measuring these highly polar contaminants in drinking water.
EPA Method 563 was developed specifically for the
trifluoroacetic acid (TFA),
trifluoromethanesulfonic acid (TFMS], perfluoropropanoic
acid [PFPrA)}, bistriflimide (TFSI), perfluoroethanesulfonic acid
(PFEtS), and perfluoropropanesulfonic acid (PFPrS] using LC-
MS/MS.2 Ultrashort-chain PFAS compounds present unique
analytical challenges compared with conventional PFAS. Their

determination of

extremely low hydrophobicity results in poor retention on
traditional reversed-phase LC columns, while their low
molecular weights can lead to elevated instrumental
background noise and limited fragmentation options for
MS/MS detection. In addition, compounds, such as TFA and
PFPrA, are common laboratory contaminants found in
solvents, reagents and consumables increasing the risk of
background interference. Matrix effects associated with early
eluting inorganic ions and organic anions can further
complicate quantitation and method robustness. To address
these analytical challenges, a direct injection LC-MS/MS
method was developed that meets the chromatographic,
calibration, and quality control requirements outlined in EPA
Method 563, enabling accurate and reliable guantitation of
ultrashort-chain PFAS in drinking water.

This technical note describes and evaluates an LC-MS/MS
method developed on the QTRAP 6500+ system for the
analysis of seven ultrashort-chain  organofluorine
compounds in drinking water. Performance was assessed in
terms of chromatographic retention, sensitivity, accuracy,
precision, and robustness. The resulting workflow meets the
analytical acceptance criteria outlined in EPA Method 563
while providing a practical solution for routine drinking water
monitoring.

Methods

Standards and samples: Analytical standards for native and
isotopically labeled internal standards were provided hy the
US EPA as part of an interlaboratory study.

Sample preparation: Samples were prepared according to
the procedure described in EPA Method 563.2 Briefly, a 10 mL

aliquot of matrix sample is spiked with internal standards and
ascorbic acid to a final concentration of 10 mg/L and acetic
acid to a final concentration of 0.25%. The internal standards,
13C2-TFA and 13C3-PFPrA, are spiked at 100 ng/L. The
sample is mixed and an aliquot is transferred to a
Phenomenex Verex Polypropylene Vial (1.7 mL; Part: ARO-
39P0-13).

Chromatography: Chromatographic  separation  was
performed on an ExionLC AE system using a Phenomenex
Luna Omega PS C18 [3x 150 mm 3 pm; Part: 00F-4758-Y0]
as the analytical column and a Waters C18 AX 50 x 2.1 mm
5 pm as the delay column [delay column was provided by the
EPA]. A flow rate varying between 0.6 and 0.7 mL/min was

used with a 20pL injection volume. A column oven
temperature of 45°C was held throughout the 10-minute
gradient. The LC gradient is provided in Table 1. External
rinsing procedures were performed between injections using
mobile phase B as the rinse solution.

Table 1: LC gradient for the analysis of ultrashort-chain PFAS.

Time Flow rate Maobile Mobile
(min] (mL/min] phase A(%) phaseB (%]
0.00 0.700 98.0 2.0

0.30 0.700 98.0 2.0

0.40 0.600 95.0 5.0

5.00 0.600 35.0 65.0

5.10 0.700 5.0 95.0

6.90 0.700 5.0 95.0

7.00 0.700 98.0 2.0

10.00 0.700 98.0 2.0

Maohile phase A: Water with 0.05% (v/v] acetic acid
Maohile phase B: Acetonitrile with 10% [v/v] water and 10 mM ammaonium
acetate

Mass spectrometry: Analysis was performed using
electrospray ionization in negative polarity on the SCIEX
OTRAP 6500+ system. Data was acquired by scheduled

multiple reaction monitoring (sMRM] with optimized source
and gas conditions (Table 2] and compound-dependent
parameters (Table 3). Data was acquired for 7 ultrashort-
chain PFAS compounds with a target cycle time of 350 msec.
A minimum dwell time of 50 msec, a pause time of 5 msec
and a retention time tolerance window ranging from 40-60
seconds were used for the 9 transitions described in Table 3.


https://www.phenomenex.com/part/ar0-39p0-13
https://www.phenomenex.com/part/00f-4758-y0?srsltid=AfmBOooskGnBedyuQHZcBQdcnSajoib7AYzTHhGzIdLvmXH5P-UFWvSr
https://www.phenomenex.com/part/00f-4758-y0?srsltid=AfmBOooskGnBedyuQHZcBQdcnSajoib7AYzTHhGzIdLvmXH5P-UFWvSr
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-6500-system
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-6500-system

Table 2. Source and gas parameters for ultrashort-chain PFAS using the
QTRAP 6500+ system.

Parameter Value
Polarity Negative
lon spray voltage -4500V
Curtain gas 40 psi
CAD gas 9 psi
Source temperature 420°C
lon source gas 1 70 psi
lon source gas 2 40 psi

Table 3. Compound dependent parameters for ultrashort-chain PFAS
using the QTRAP 6500+ system

Compound Q1 Q3 [nrf;] [DVI; CE [v]
TFA 113 69 3.18 -40 -15
13C2-TFA 115 70 318 -10 -13
PFPrA 163 119 410 -30 -15
13C3-PFPrA 166 121 410 -30 -15
TFEMS 149 799 3.80 -50 -30
PFEtS 199 99 4.60 -50 -35
PFPrS 249 79.9 540 -50 -60
PFMOAA 179 849 4.30 -50 -18
TFSI 280 147 6.10 -50 -36

EP=-10 v and CXP= -11 v for all compounds

Data acquisition and processing: Data was acquired and
processed using SCIEX 0S software (version 5.0). Report

Studio in SCIEX OS software 5.0 was used to automate the
calculation of method-specific performance metrics and
apply conditional formatting rules for rapid identification of
results requiring review.
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Analytical performance

Chromatographic performance: Figure 1 shows the
chromatographic separation of the 7 ultrashart-chain PFAS
compounds at a mid-QC spike level (labeled within the figure]
ranging from 5 ng/L for TFSI to 100 ng/L for TFA and PFMOAA.
The chromatography was optimized to maintain appropriate
peak shape, chromatographic separation and minimized total
injection-to-injection time. The EPA 563 method allows for
flexihility in the delay and analytical columns, mobile phase
composition, the length and shape of the gradient and
injection volume.? Compared to the 28-minute gradient
described in EPA Method 5632, the optimized SCIEX workflow
reduces analysis time to 10 minutes while maintaining good
chromatographic performance for all target analytes. This
represents a 64% reduction in run time and substantially
increases laboratory throughput.

Peak asymmetry factor: The EPA 563 method states that no
peaks can be split or have more than one apex and that the
first eluting internal standard or analyte in a midlevel
calibration standard must have a peak asymmetry factor
between 0.5 and 2.2 Figure 2 shows the peak shape and
asymmetry factor for the first eluting compound of TFA and
its isotopically labeled internal standard at a mid-level
calibration standard. Additionally, Figure 2 shows the SCIEX
0S embedded calculated column used to determine the peak
asymmetry factor. The calculated asymmetry factors for TFA
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Figure 2. TFA peak symmetry assessment at 100 ng/L. Peak asymmetry factors were calculated in SCIEX 0S software using a custom formula based on peak

width measurements at 10% peak height.


https://sciex.com/products/software/sciex-os-software

and 13C2-TFA are, 1.689 and 1.832, respectively, and are
within the acceptable range.

Lowest concentration minimum reporting level [LCMRL]:
For an MRL to be considered verified, seven replicate extracts
fortified at the target MRL concentration must meet the
statistical requirements outlined in EPA Method 563.2 The
standard deviation of the seven replicates is multiplied by the
appropriate t-value [3.963] to calculate the Half Range of the
Prediction Interval of Results [HRPIR]. The Upper and Lower
Prediction Intervals of Results [UPIR and LPIR] are then
calculated using the equations below.

Mean + HRPIR

U PIR Limit =
pper i (F ortified concentration

) % 100

Mean — HRPIR
Fortified concentration

Lower PIR Limit = (. ) x 100

An MRL is considered verified when the Prediction Interval of
Results (PIR] falls within 50% to 150% of the fortified
concentration. Six of the seven verified MRLs meet the
proposed UCMRE multi-labh MRLs? (Table 4). The verified
PFMOAA LCMRL was 71.9 ng/L, compared with the proposed
UCMR 6 MRL of 60 ng/L, potentially reflecting the elevated
PFMOAA background observed in the multipurpose laboratory
environment and atmospheric contamination. Elevated
background levels of trifluoroacetic acid [TFA] were also
observed, however, the calculated LCMRL is below the MRL

proposed in UCMR 6.

Initial calibration: Calibration curves were generated using
linear weighted regressions. TFA used 1/x® weighting, while all
other analytes used 1/x weighting. Initial calibration met EPA
Method 563 acceptance criteria?, including calibration levels
within 70-130% of their true level and internal standard
recoveries between 50% and 150%, supporting accurate
guantitation across the analytical range.

200

175

=
n
5l
—

/| 'A-‘ “1"‘ | %ol 1t
oo

IS % Recovery
- 5
A 3

e
=)

@ C,TFA
@ 13C,PFPrA

n
5l

o

Table 4. Statistically calculated LCMRL values and the UCMR 6 Proposed
MRL*

Verified LCMRL UCMR 6 Proposed

Gompound (ng/L) MRL [ng/L)
TFA 74.6 200
PFPrA 26.3 80
TEMS 6.44 20
PFEtS 5.14 20
PFPrS 3.68 10
PFMOAA 71.9 60
TFSI 0.059 3

Method robustness: As shown in Figure 3, recoveries for the
isotopically labeled internal standards 13C2-TFA and 13C3-
PFPrA remained within the EPA Method 563 acceptance
criterion of 50-150% throughout the analytical sequence of
150 injections over 24 hours. Recoveries ranged from 57% to
149%, with most values clustering near 100% and exhihiting
both These
demonstrate stable analytical performance and effective

similar trends for compounds. results

internal-standard compensation across the extended

analytical sequence.

Recovery and precision: Table S summarizes laboratory
and high
concentration levels (n = 5]. Low-level recoveries ranged from

fortiied blank performance at low, mid,
73.4% to 82.6%, while mid- and high-level recoveries ranged
from 93.4% to 110%. Percent RSD values were in the single
digits at each concentration, demonstrating excellent
reproducibility. Overall, these results support accurate and
reproducible gquantitation across the concentration ranges
relevant to EPA Method 563.
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Figure 3. Internal standard recovery between 57-149% across 150 injections representing over 24 hours of runtime.



Table 5. Laboratory fortified blanks measured at three concentration levels across the batch (n=5]

QC-Low Average

QC-Mid

Average QC-High  Average

% Recovery % Recovery % Recovery
Compound expected measured (%RSD) expected measured (%RSD) expected measured (%RSD)
[ng/L) [ng/L) (ng/L)  [ng/L) (ng/L)  [ng/L)

TFA 100 79.3 79.6 (3] 200 207 103 (9] 400 3994 99.8 (2]
PFPrA 50 39.7 79.4 (4] 100 97.2 97.2 (3) 200 1917 96 (1)

TFMS 10 7.8 78.4 (4] 20 19.2 96.2 (4) 40 38.8 97.2 (4]
PFEtS 10 7.4 73.8 (7] 20 18.7 93.4 (6) 40 374 93.4 (4)
PFPrS 10 7.7 76.8 (4] 20 19.2 95.9 (3] 40 39.4 98.6 (3]
PFMOAA 100 82.5 82.6 (6] 200 207 104 (4) 400 439.5 110 (8)
TFSI S 3.7 73.4(1) 10 9.18 91.8 (2] 20 192 96 (3]

Contamination management: Background contamination
from ultrashort-chain fluorinated compounds, particularly
TFA, is a well-recognized challenge when implementing EPA
Method 563. During method development and validation,
extensive troubleshooting and contamination-control
practices were employed to investigate and minimize
background contributions. Low-level, sporadic TFA detections
were occasionally observed in laboratory reagent blanks,
consistent with the uhiguitous presence of TFA in laboratory
environments, reagents, consumables and environmental
sources. Figure 4 compares chromatograms from a
laboratory reagent blank [LRB], the lowest spiked level
(<LCMRL], a mid-level spiked level, and an LRB analyzed after
the highest calibration standard. Despite the presence of low-
level background signal, the optimized chromatographic
method provided sufficient retention, selectivity and
sensitivity to clearly differentiate fortified samples from blank
contributions. TFA responses at both the low- and mid-level
spike concentrations were readily distinguished from the
blank signal. Notably, the method achieved reporting limits
near or below those proposed in UCMR 6 while maintaining

robust analyte identification and quantitation performance.

Analysis of tap water samples

Several drinking water samples, including tap water, filtered
water, bottled water, and reverse osmasis (RO] water were
analyzed using the developed workflow designed to meet EPA
Method 563 requirements. TFA was detected in many of the
samples, with concentrations ranging from below the LCMRL
to 1,312 ng/L. Consistent with previous reports, TFA was the
most frequently detected ultrashort-chain PFAS across the
drinking water samples evaluated.® Figure 5 summarizes TFA
concentrations measured across the different drinking water
sample types and highlights the variability observed among
sources and treatment approaches.

To further assess performance, a representative drinking
water matrix was fortified and analyzed in replicate using the
workflow. As shown in Table 6, recoveries ranged from 76.6%
to 103% with %RSD values of 2% to 13%, demonstrating
acceptahle accuracy and precision across the target analyte
panel. These results demonstrate the suitability of the SCIEX
QTRAP 6500+ system and workflow for routine monitoring of
ultrashort-chain PFAS in drinking water while meeting the
analytical requirements of EPA Method 563.

Table 6. Drinking water concentration measurements, spikes and recoveries [n=7)

Analyte Drinking. water Spike amount Average measured % Recovery
concentration (ng/L] (ng/L] (ng/L) (% RSD]
TFA 645 200 789 934 (2)
PFPrA 27.3 100 117 91.9 (13]
TFMS <6.44 20 16.1 76.6 (4]
PFEtS <514 20 191 944 (3)
PFPrS <3.68 20 20.2 101 (3)
PFMOAA <719 200 205 103 (6]
TFSI <0.059 10 10.3 103 (3]




Conclusions

Development of LC-MS/MS method for 7 ultrashort-
chain PFAS compounds using QTRAP 6500+ meeting
the requirements of EPA Method 563 for the
determination of seven ultrashort-chain organofiuorine
compounds in drinking water.

Retention, separation, and acceptable peak shape for
highly polar analytes using Phenomenex Luna Omega PS
C18 column.

Verified LCMRLs below the proposed UCMR 6 MRLs for
six of seven target compounds.

Automated custom calculations and conditional
formatting in SCIEX 0S 5.0 Report Studio enabled rapid
assessment of key EPA Method 563 performance criteria
while supporting consistent, audit-ready reporting.
Internal standard recoveries remained within EPA
acceptance limits [57-149%] across approximately 150
injections, demonstrating robust instrument and method
performance.

Accurate recovery of fortified drinking water samples
(76.6-103%) with low variability demonstrated reliable
quantitation across the analyte panel.
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Figure 4. Chromatographic comparison of EPA Method 563 target analytes in an LRB, low-level QC sample, mid-level QC sample, and an LRB analyzed immediately
after the highest calibration standard.
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