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This technical note describes a robust, ultra-fast method for water sources using the SCIEX 7500+ system
the quantitation of trifluoroacetic acid [TFA] in multiple water

matrices, achieving a lower limit of quantitation [LLOQ) of 20 Use of mohile phases with low TFA contamination ensured
ng/L. Using the SCIEX 7500+ system with a simple sample ultra-sensitive analysis with a true calibration range of 10-
preparation workflow and an isocratic 4 min isocratic runtime, 1000 ng/L and recommended LLOQ of 20 ng/L for the

the method enabled high-throughput analysis of up to 40 analysis of TFA

samples in less than 4 hrs. Quantitation was performed using
the m/z 113.0/69.0 transition, with the fluoride fragment ion
(m/z 113.0/19.0] monitored as the qualifier transition to
enhance detection confidence. Significant effort was

Ultra-fast method with 4 min runtime and simplified sample
preparation

Clean blank without TFA when no internal standard added,

performed to minimize the background TFA contamination and with internal standard. blank level with TEA is

originating from the dilution and maobile phase solvents and lab approximately 55% of 10 ng/L standard TFA.
consumahles.*® The use of low-background mobile phases
achieved the 20 ng/L LLOQ with an injection of volume of just 5 Robust method with batch of >80 injections including
pL [Figure 1]. Good linearity was demonstrated from 10-1000 multiple water sources with no increase in baseline noise or
ng/L, with an %RSD of 9.3% for the 20 ng/L standard (n=6). decrease in signal observed
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Figure 1: TFA quantifier in reverse osmosis (RO] water. TFA quantifier ion (m/z 113.0/69.0] in RO water from 0-100 ng/L, with S/N > 3 for all integrated peaks. The
comparison of RO water blank with and without internal standard (IS) shows the contribution of TFA contamination is primarily due to the internal standard and not
the purity of the RO water. RO water without IS, no peak is detected and the peak area of the RO blank with IS is approximately 55% of the area of the 10 ng/L
standard.



Introduction

Trifluoroacetic acid (TFA, CF;C00H] is a low molecular weight
perfluorinated carboxylic acid formed as a breakdown product
of various industrial chemicals, including fluorinated gases (F-
gases), pharmaceuticals and pesticides.®*! Found increasingly in
surface water, groundwater, and drinking water,® it has raised
environmental and health concerns due to its resistance to
degradation and remaoval.

Toxicological concerns have prompted the European Food
Safety Authority (EFSA] to propose an acceptable daily intake
(ADI] of 0.03 mg/kg body weight per day, expressed as sodium
trifluoroacetate.’ This value is undergoing consultation® due to
emerging data suggesting potential classification of TFA as a
Reproductive Toxicant Category 1B and a very persistent, very
mabile (vPvM) substance under REACH.”

In response to these cancerns, regulatory framewaorks across
Europe are evolving. The EU Drinking Water Directive EU
2020/2184 introduced a parametric value of 0.1 pg/L for 20
specific PFAS compounds, and 0.5 pg/L for “PFAS Total”, a
measure of all C3-C14 PFAS.® Member states are expected to
comply with these limits by January 2026. Although TFA is not
included in this “PFAS Total” limit, the European Commission
recommends measuring TFA separately if this value is applied.®
Current national approaches vary across Europe: the
Netherlands has issued a health-based guideline of 2.2 pg/L*%;
Belgium shows regional variation, with Wallonia adopting the
Dutch value,** and Flanders proposing a limit of 15.6 pg/L*;
Denmark enforces a legal limit of 9 pg/L'3; and Germany has
proposed a target value of <10 pg/L and a precautionary health
guideline of 60 pg/L** A standardized method for TFA analysis
in water does not exist, but the German standardization body
DIN has recently developed a draft standard procedure [DIN
38407-53) which was tested in an interlaboratory trial, resulting
in the suggested LLOQ of 300 ng/L.Y The differences across
regions and lack of standardized procedure reflect the growing
concern and need for harmonized regulation across the EU.

Due to its low molecular weight and high polarity, TFA is
analytically challenging and typically requires high-
performance liquid chromatography coupled with tandem mass
spectrometry [LC-MS/MS] for reliable detection. Conventional
water treatment technologies, including activated carbon and
reverse osmoaosis, are largely ineffective at removing TFA,*®
underscoring the importance of upstream mitigation strategies

and robust analytical methods. As scientific consensus builds
around the environmental and health risks posed by TFA,
harmonized EU-wide regulation is anticipated, potentially
including prioritization under the Water Framewark Directive
and further restriction under REACH.”

Methods

Samples and reagents: Standards, both the native and mass-
labelled internal standard (IS], were purchased from Cambridge
Isotope Laboratories Inc.

Sample preparation: Polypropylene vials were washed with
methanol prior to use. 20 pL of a 25 pg/L solution of 13C.-TFA
internal standard was added to 980 yL of water for a final
concentration of 500 ng/L in vial.

Chromatography: Chromatographic separation was performed
using an Shimadzu LC-40 system with PFAS kit installed, at a
flow rate of 0.6 mL/min on a Phenomenex Luna Omega 1.6 um

PS-C18 100x2.1 mm column. A four-minute isocratic method

utilized a mobhile phase consisting of ImM ammaonium acetate
in water. An injection volume of 5 pL was used for analysis. 95:5
(v/v] LCMS grade water/methanaol was used as a needle wash
solvent.

Mass spectrometry: Samples were analyzed using the SCIEX
7500+ system equipped with an OptiFlow Pro ion source with E
lens and electrospray ionization (ESI] analytical probe. Source
conditions are outlined in Tahle 1.

Table 1: Source and gas parameters for the analysis of TFA using the SCIEX
7500+ system

Parameter Value
Polarity Negative
lon source gas 1 40 psi
lon source gas 2 75 psi
Curtain gas 40 psi
Source temperature 400 °C
lon spray voltage -1500V
CAD gas 7

Data processing: Processing was performed using SCIEX O0S
4.0 software. Peaks were automatically integrated using the
MQ4 algorithm, noise determined with the peak-to-peak
algorithm and a weighting of 1/x was used for quantitation.


https://www.phenomenex.com/products/luna-omega-hplc-column/luna-omega-ps-c18
https://www.phenomenex.com/products/luna-omega-hplc-column/luna-omega-ps-c18
https://sciex.com/products/mass-spectrometers/triple-quad-systems/triple-quad-7500-plus-system
https://sciex.com/products/mass-spectrometers/triple-quad-systems/triple-quad-7500-plus-system
https://sciex.com/products/software/sciex-os-software
https://sciex.com/products/software/sciex-os-software

Table 2: Accuracy of calibration standards prepared in RO water at beginning

Quantitative Performance aras
and end of the sequence [n=1 set calibration set]

Linearity was determined using the calibration curve [Figure 1) Concentration Accuracy curve 1 Accuracy curve 2

prepared in reverse osmosis (R0] water and TFA showed (ng/L) (%) (%)
linearity between 10 and 1000 ng/L. Calibration standards 10 324 93.5
were analysed at the beginning and end of the batch [(n=91 Eg ?L[gl: 81359
injections), 5 hours apart, with accuracy of 85-115% [Table 2] 100 110 110
and an r2 value of 0.999 (Figure 2] for both sets of calibration 250 101 103
standard injections (n=1 per set]. 500 979 976
750 101 100
1000 99.0 99.6
Calibration for TFA 1: y = 0.00646 x + 0,02..0.99952, * = 0.99904) (weighting: 1 /%)
® Precision was measured by six replicate injections of a 20 ng/L
;| standard where the %RSD of the calculated concentration was
9.3% across all injections. This value was selected as the
1] recommended LLOQ of the method and Figure 3 shows the
£ qualifier and guantifier extracted ion chromatogram (XIC) of the
E 3 20 ng/L calibration standard. This value is >10x lower than the
= LLOQ recommended by current proposed draft procedure DIN
21 38407-53" and provides resilience if lower limits are requested
1 in the future.
Previous methods have required use of a parent-to-parent
0- pseudo-MRM as the gualifier ion of TFA,2 however in this
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Figure 2: Calibration curve for the TFA guantifier ion transition (m/z

113.0/69.0). Shown are the overlaid calibration curves performed at the start

and end of the batch with an overall an r? value of 0.999.
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method it was possible to use formation of the fluoride ion
(m/z=19), maintaining a signal-to-naise (S/N] >3 for the
qualifier ion for all calibration standards (Figure 3]. All
standards, QC replicates and unknowns showed an ion ratio
+20% of the mean [calculated from calibration standards].
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Figure 3: Quantifier and qualifier XICs of TFA for the 20 ng/L standard in RO water. Extracted XIC of TFA quantifier MRM [(m/z 113.0/69.0] and qualifier MRM [m/z
113.0/19.0) were normalized as the percentage of peak height. All quantifier ions had a S/N>10 and qualifier ions had a S/N>3.



Sample analysis: Method accuracy in various
water samples

The method accuracy was evaluated in several different water
sources, including mineral water, drinking water [tap water, with
and without purification), surface water and wastewater. To
determine overall accuracy of the method, mineral water and
tap water were spiked at 20 ng/L and 100 ng/L, and surface and
wastewater were spiked at 100 ng/L. Peak areas and calculated
concentrations, with and without spikes are shown Table 3.
Unspiked sample injections for all five water sources are shown

in Figure 4. Accuracy is calculated for spiked samples after
subtracting blank levels, and showed excellent accuracy (77.5-
101 %] for all sample types. All sample types [treated and
untreated tap water, mineral water, surface water and
wastewater post-treatment] showed a high concentration of
TFA (>50 ng/L).

Additionally replicate injections (n=6) of the mineral water [with
and without 20 ng/L spike) and unpurified tap water were
performed and %RSD values were <10% in each case.

Table 3. Method accuracy for TFA gquantitation of different water sources [mineral water, surface water and wastewater after treatment]. Levels were
calculated using the calibration curve in RO water. Accuracy was calculated after subtracting the blank levels. The high blank values in some water sample may

impact the accuracy in low-level spikes.

Water Source Spike Level (ng/L)

Calculated Concentration (ng/L)

Accuracy (%)

Tap water (U]* 0 185 -
Tap water (U]* 100 284 99
Tap water [P)* 0 286 -
Tap water [P)* 100 390 104
Mineral water 0 68.6 -
Mineral water 20 84.1 775
Mineral water 100 156 874
Surface water 0 287 -
Surface water 100 388 101
Wastewater [AT]* 0 675 -
Wastewater [AT]* 100 766 91
* U = tap water unpurified, P = tap water purified, AT = wastewater after plant treatment
Tap water Tap water purified Mineral water Surface water Waste water

no purification
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Figure 4: XIC of the quantifier MRM for TFA in five water sources. TFA contamination was found in all five water sources tested (from left to right: tap water
without purification, purified tap water, commercially available bottled mineral water, surface water, exit waste-water treatment plant water). Calculated

concentrations for each water type are shown in Tahle 3.



Method robustness

Method robustness was evaluated across a sequence of >90
injections through manitoring the retention time stabhility and
internal standard recovery. Of the >30 injections, 72 contained
the internal standard and were used for the calculations.

Retention time stability across the sequence was excellent with
a %RSD of 2.3% across the 72 injections. In addition, the
internal standard recoveries were tracked across the entire

sequence and were between 80 and 120% of the mean (Figure
9).

Method robustness was also evaluated by comparing the peak
area and baseline noise for the 50 ng/L calibration standard at
the beginning and end of the batch sequence [separated by
more than 5.5 hours of injections). The results showed no
significant reduction in peak area or increased in baseline noise
(Figure B]. These results demonstrate excellent method
robustness and show that a column wash sequence is not
necessary when analysing a batch of at least 90 samples.
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Figure 5: 13C=-TFA IS recovery over the sequence of >30 injections. Of the >30 injections, 72 contained the 13C2-TFA internal standard allowing for IS recovery
across the sequence to be measured. Metric plot includes +/- 20% regression lines of mean (calculated from IS of calibration standards) aver all injections showing
recavery of 80-120% of the internal standard across all sample types (calibration standards, blanks, quality control replicates and unknown water samples from five

different sources)

50ng/L
(beginning of sequence]

50ng_L TFA - TRA 1
Area: 287613,
Meise Region Start-End: 1.86-1.98

2.0e5
1.5e5 4
&
2 10651
5.0ed
0.0e0 - T T T Y
1.6 17 1.8 1.9
Time, min

50 ng/L
(end of sequence]
50ng_L TFA - TFA 1

Area: 2093394,
Moise Region Start-End: 1.86-1.08

2.0e5

1.5e5 4
=
2 1.0e5]
5.0e4
0.0e0 T T T t
1.6 1.7 1.8 1.9
Time, min

Figure B: TFA XIC for the 50 ng/L calibration standard run near the beginning and end of a >30 injection sequence. Comparison of the 50 ng/L standard showed
no significant decrease in peak area (288,000 and 293,000 cps] or increase in haseline noise [approximately 120,000 cps for both injections] across the 91-

injection sequence.



Minimizing TFA contamination Of the five water sources evaluated (reverse-osmasis water,
Milli-Q water and three commercially available LCMS grade
waters] only reverse-osmasis (RO) water did not contain TFA at
detectable concentrations (Figure 7). Therefaore, RO water was

used for preparing the blanks and calibration standards.

Obtaining accurate results for trace-analysis of samples
requires background contamination to be reduced as much as
possible, and several aspects were investigated to accurately
obtain the very low LLOQ value here. Trace-level TFA o _ .
o . . , The only contamination identified came from addition of the
contamination is often found in plastic consumables used in . ) . o
internal standard (Figure 1), however this was negligible and
the method still maintained good linearity (Figure 2]. The
method described in this tech note demonstrated an improved
LLOQ (20 ng/L) over previous methods'? and is ideal for labs

requiring quantitation of TFA anly.

sample preparation, solvents used as the sample diluent for
PFAS multi-methods™? and in polypropylene vials.

To reduce TFA contamination, polypropylene vials were used
and washed with methanol prior to use. In addition, the sample
preparation was simplified and the TFA internal standard was
added to the vial immediately prior to analysis.
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Figure 7: TFA contamination in analytical-grade water sources. Comparison of available water sources [Milli-Q, commercial LCMS-grade water, reverse osmosis
water]) for TFA contamination showing that only RO water was TFA free.

Conclusions

TFA contamination was reduced by use of RO water and a Water samples across five different sources (mineral water,

simplified sample preparation with linearity from 10-1000
ng/L, and excellent precision with a %RSD of 9.3% for six
replicate injections of the 20 ng/L standard.

An isocratic 4 min LC method was utilized with baseline noise
remaining consistent over a batch of >30 injections.

TFA was quantifiable with two MRMs, with an ion ratio
maintained at 80-120% of the mean value, across all sample
types including surface water and wastewater.

drinking water, tap water with and without purification,
surface water and wastewater) were successfully analysed
for TFA with good accuracies [92.5-104%] for all spiked
samples.

Analysis of multiple commercially available LC-MS grade
water sources showed that TFA contamination is common
and may interfere with trace analysis of TFA <20 ng/L.
Addition of deuterated internal standard may also contribute
to TFA concentration at levels <10 ng/L.
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