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This technical note demonstrates the use of the PromoChrom
automated solid-phase extraction [SPE] system for the analysis
of PFAS in drinking water following EPA Method 533. Using the
SCIEX QTRAP 6500+ system, negligible background
contamination was observed as well as excellent method

e Automated sample extraction. Reduced sample preparation
time through the fast, reproducible extraction and clean-up
of drinking water samples

performance in spikes into reagent water and raw untreated ¢ Low system background contamination. Quality control
groundwater samples. Milli-Q water blank spikes at 2, 40 and 70 blanks predominantly showed non-detectable PFAS levels
ng/L showed mean recovery ranging from 96% to 115% with the
mean precision <10% coefficient of variation [CV]. Sample
matrix and duplicate spikes at 2 and 40 ng/L showed mean
recovery between 95% and 122% with <13%CV (representative

o Excellent method performance in quality control spikes.
Method performance was evaluated with spikes into Milli-Q
water and raw untreated groundwater samples

chromatograms shown in Figure 1). Analysis of raw untreated o Real-world water samples. 10 raw untreated groundwater

groundwater samples showed the detection of 5 out of the 6 samples analyzed to demonstrate method applicability

EPA-regulated PFAS compounds.
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Figure 1. Representative extracted ion chromatograms (XICs) in a 2 ng/L laboratory fortified sample matrix (LFSM) sample for the 6 EPA-regulated PFAS
compounds. Raw, untreated groundwater was used for the LFSM sample. 1



Introduction

The contamination of PFAS in drinking water is well-known,
widespread and global in nature.*® PFAS drinking water levels
are formally regulated, or under proposed regulations, in several
countries and regions, including the United States® and the
European Union.® In the United States, the Environmental
Protection Agency (EPA] has promulgated several methods faor
PFAS analysis in drinking water (EPA 537, 537.1, 533] as well as
non-potable water samples such as surface water, groundwater
and wastewater (EPA 1633, 1633A). The EPA methads utilize
solid-phase extraction [SPE] for sample concentration and
clean-up. Traditionally, the SPE procedure has been manually
perfarmed with vacuum manifolds, which is time-intensive and
occasionally errar-prone. However, in recent years automated
SPE systems have become commercially available with the aim
of increasing throughput, reducing manual effort and improving
repraducibility. These systems can extract multiple samples in
parallel, following an EPA-compliant method, and can be
madified to reduce fluoropaolymer components, reducing
background PFAS levels. In this technical note, a method is
described for PFAS analysis in drinking water following EPA
Method 533, using the PromoChrom SPE-03 automated SPE
system and the SCIEX QTRAP 6500+ system.

Samples and reagents: Calibration standards were purchased
fraom Phenava (Golden, Colorado) and Absolute Standards
(Hamden, CT). Stable-isotope labelled standards were
purchased fram Wellington Laborataries [Guelph, Ontario).

Quality control [QC) samples: The method performance was
evaluated using 3 types of QCs, laboratary reagent blank (LRB]),
laboratory fartified blank (LFB] and, labaratary fortified sample
matrix (LFSM] and duplicate (LFSMD] samples. LRB samples
(n=38] consisted of Milli-Q water spiked with the isotope dilution
analogues (IDAs] only. LFBs were comprised of Milli-Q water
spiked with the target analytes and IDAs. LFB spikes were
performed at 2 ng/L [(n=38), 40 ng/L (n=38) and 70 ng/L [(n=37).
LFSM and LFSMD samples were from untreated groundwater
samples spiked with the target analytes at 2 ng/L (n=13] and 40
ng/L (n=23], as well as the IDA mix. All QC samples were

extracted and instrumentally analyzed using the procedures
described below.

Real-world groundwater samples: 10 raw untreated
groundwater samples collected from the influent of a PFAS
treatment facility were analyzed between February 2024 and
January 2025. These samples represent source water that had
not yet undergone treatment and do not represent the final
treated drinking water delivered to the community. The purpose
of analyzing the raw groundwater samples was to demonstrate
the applicability of the PromoChrom extraction and
instrumental analysis methads.

Sample preparation: All samples were extracted during May-
September 2024 using the Promochrom SPE-03 automated
SPE system with the MOD-004 (sample bottle rinsing) and
MQOD-005 [minimal Teflon option] modifications. The automated
SPE procedure is outlined in Table 3. The sample volume was
250 mL, and the SPE cartridge was the Phenomenex Strata
SBD-L (500 mg/5 mL, P/N: 8B-S014-HCH]. QC samples were
collected between May and September 2024 and were

caomprised of 38 laboratory reagent blanks (LRB]), 38 labaratory
fortified blanks (LFB] at 2, 40 and 70 ng/L, 13 laboratary fortified
sample matrix [LFSM] and duplicate (LFSMD] samples at 2 ng/L,
and 23 LFSM and LFSMD samples at 40 ng/L.

LC chromatography: Chromatographic separation was
performed using an Agilent 1200 LC system. The analytical
calumn was a Phenomenex Gemini C18 column (3 pm, 100 x 2
mm, P/N: 000-4439-B0] and the delay column was a
Phenomenex Luna C18(2] calumn (5 pm, 30 x 2 mm, P/N: 00A-
4252-B0). Mobile phase A was water with 20mM ammanium
acetate, and mobhile phase B was methanal. The gradient
conditions used are presented in Table 1. The flow rate was 430
pL/min, the injection volume was 5 pL, and the column oven
was 40°C.

Table 1: Chromatographic gradient for the analysis of PFAS in drinking
water.

[TrlannE; Mobile phase A (%)  Mabile phase B (%]
0.0 95 5

0.1 45 35

54 1 99

9.0 1 99

9.1 95 5

11 95 S



https://www.phenomenex.com/part?partNo=8B-S014-HCH&srsltid=AfmBOooupJbkyuK1jE5ASRiV5QHd244SoYhQWZ0re73EyvEFC9f1b4Q1
https://www.phenomenex.com/products/gemini-hplc-column/gemini-c18#order
https://www.phenomenex.com/products/luna-hplc-column#order
https://www.phenomenex.com/products/luna-hplc-column#order

Mass spectrometry: Samples were analyzed using the QTRAP
6500+ system with electrospray ionization operated in negative

mode. Data was acquired using multiple reaction monitoring

(MRM] maodes using optimized source and gas conditions (Table

2] and compound-specific parameters [Table 4 in the

Appendix].

Data processing: Data acquisition was perfarmed using Analyst

(version 1.7.2] and processed using MultiQuant [version 3.0.3].

Table 2: Source and gas parameters for the analysis of
PFAS in drinking water using the QTRAP 6500+ system.

Parameter Value
Polarity Negative

lon source gas 1 40 psi

lon source gas 2 40 psi

Curtain gas 35 psi
Source temperature 300°C
lon spray voltage -4500V

CAD gas 10 psi

Table 3: Automated Promochrom extraction procedure for EPA Method 533.

Step Actiaon Inlet Flow (mL/min]  Vaolume (mL] Time [min)
1 Elute We Methanol S 3
2 Wait 1
3 Elute We Methanal 3 5]
4 Wait 2
5 Elute W1 0.1IM Phosphate buffer S 5
6 Wait 2
7 Elute W1 0.1M Phosphate buffer 3 5]
8 Wait 1
9 Elute W1 0.1IM Phosphate buffer, then Milli-Q water 3 5
10 Wait 2
11 Add sample W1 Sample 3 285
12 Rinse W1 QC water 10 7.5
13 Rinse W1 QC water 10 7.5
14 Add sample W1 Sample 10 4.5
15 Elute We Methanal 10 1
16 Air-purgel Air 10 S
17 Blow N» 5@ 2.5 L/min
18 Rinse 2 98:2 (w/w] methanol/ammonium hydroxide S 3
19 Wait 2
20 Rinse 2 98:2 (w/w] methanol/ammonium hydroxide 5 S
2l Wait 2
2e Collect 1 Sample ) 4.5
23 Air-purgel Air 10 10

W1 = agueous waste, W2 = arganic waste


https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-6500-system
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-6500-system

System background contamination: Laboratory

reagent blanks [LRB]

The extensive series of LRB samples (n=38] evaluated the
contamination originating from the PromaoChrom system during
the sample preparation protocaol. None of the targeted PFAS
analytes were detected except for one sample that showed low
6:2 FTS levels (2.2 ppt). Figure 2 shows representative XICs for
the 6 EPA regulated PFAS compounds in the LRBs. These results
demonstrate the ahility of the PromoChrom automated SPE
system to generate extracts with very low background PFAS
levels. This is critical for achieving the low parts-per-trillion (ppt)
reporting levels necessary to meet the 2024 EPA drinking water
maximum contaminant levels [MCLs]: 4 ppt for PFOA and PFOS,
10 ppt for PENA, PFHXS and HFPO-DA.

Method performance in quality control spikes:

Fortified blank and matrix samples

Method performance was evaluated in two different types of QC
samples: LFBs and LFSMs/LFSMDs. LFBs consisted of spiked
Milli-Q water samples processed through the PromoChrom
system and instrumentally analyzed. The LFBs were prepared at
three spiking levels: 2 ng/L (n=38], 40 ng/L (n=38] and 70 ng/L
(n=37]. The EPA 533 criteria specify that the LFB recovery must
be within 50-150% at spiking levels near the 2 ng/L methad
reporting limit (MRL] and within 70-130% for the higher spike
levels. Considering all targeted PFAS analytes, the mean LFB
recovery ranged from 99.5% to 115% for the 2 ng/L spikes,
95.7% to 105% for the 40 ng/L spikes and 95.6 to 103% for the
70 ng/L spikes. Figure 2 shows representative XICs for the 2
ng/L LFB spikes. Figure 3 shows the mean analyte recovery for
each spiking level and assaciated %CV bars as well as the +30%
accuracy tolerance lines (red dashed line]. The mean precision
was <10%CV for all analytes acrass the 3 spiking levels.

The LFSM and LFSMD samples cansisted of spiked untreated
groundwater samples processed through the PromoChrom
system and instrumentally analyzed. The corresponding
unspiked matrix samples were also analyzed to correct for
background PFAS levels present. The LFSM and LFSMD samples
were prepared at 2 ng/L (n=13] and 40 ng/L [n=23]. Similar to
the LFB samples, the EPA 533 criteria specify 50-150% recovery
at the 2 ng/L MRL and 70-130% recovery for higher spiking
concentrations. Table 4 shows the mean analyte recovery and
precision (%CV] for the LFSM and LFSMD samples. The mean
recovery range in the 2 ng/L spikes was 98-122% and 97-118%
for the LFSM and LFSMD samples. For the 40 ng/L spikes, the
mean recavery range was 96-110% and 95-109% in LFSM and
LFSMD samples. The mean precision was <13%CV for all
analytes in the 2 spiking levels. The mean relative percent
difference (RPD] for the duplicate samples was 7% and 6% in
the 2 ng/L and 40 ng/L spikes, respectively. All RPDs were within
the EPA 533 criteria of <50% for the MRL spike and <30% for
higher-level spikes.

Overall, the results from both the fortified reagent blank [LFBs]
and sample matrix and duplicate [LFSMs/LFSMDs] samples
demanstrate the ability of the PromoChrom automated SPE
system and QTRAP 6500+ system to generate excellent
guantitative data for PFAS in drinking water. Excellent recovery
and precision were ohserved at bath the MRL and higher levels.
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Figure 2. Extracted ion chromatograms (XICs] in representative laboratory reagent blank and laboratory fortified blank (2 ng/L spike level) samples for the six
EPA regulated PFAS compounds (PFBS, PFHxS, PFOS, PFOA, PFNA and HFPO-DA).
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Figure 3. Mean PFAS recovery in laboratory fortified blank samples (n=38 for 2 ng/L and 40 ng/L spikes, n=37 for 70 ng/L spike). Error bars represent
the coefficient of variation percentage (%CV)



Table 4: Mean recovery (%) and precision (%CV] in the laboratory fortified sample matrix (LFSM] and duplicates (LFSMD] for 2 ng/L (n=13] and 40 ng/L
(n=23) spikes.

2 ng/L - LFSM 40 ng/L - LFSM
RE[E%EW %CV RE(E%ery %CV

PFBA 111 8.7 102 3.7
PFPeA 111 13 103 45
PFHXA 117 79 103 5.8
PFHpA 112 8.6 102 6.3
PFOA 114 77 102 6.2
PFNA 117 6.9 100 6.6
PFDA 114 71 103 6.6
PFUnA 115 6.4 101 55
PFDoA 114 9.3 104 5.2
PFBS 111 6.8 101 6.2
PFPeS 116 74 104 10
PFHxS 110 94 98.0 57
PFHpS 117 10 104 6.4
PFOS 113 95 101 6.9
4:2FTS 112 10 102 8.9
B:2FTS 122 8.6 102 10
8:2FTS 117 9.9 106 8.0
PFMPA 110 64 110 12
PFMBA 101 8.5 96.9 5.3
NFDHA 110 6.4 103 8.2
PFEESA 106 8.3 96.0 78
HFPO-DA 98.2 77 99.6 9.9
ADONA 108 5.8 99.9 77
9CI-PF30NS 108 9.1 97.3 6.9
11-CI-PF30UdS 105 12 98.5 54




Real-world samples

The PromoChrom automated SPE sample preparation method
was applied to raw untreated groundwater samples collected
from February 2024 to January 2025 and analyzed using the
6500+ system. Concentrations were lowest for PFNA [range:
2.1-3.3 ng/L) and highest for PFOS [range: 54.7-73.7 ng/L) while
HFPO-DA levels were <MRL. See Tahle 5 for the full data set. The
samples were collected prior to treatment, and after undergoing
treatment, all samples were non-detect for all PFAS analytes.

Conclusions

e Automated sample preparation using the PromoChrom SPE
system produced drinking water extracts with low background
contamination, satisfactory to meet EPA maximum
cantaminant levels (MCLs] for PFAS

e Excellent PFAS recavery and precision in QC spike samples,
meeting data quality requirements in EPA Method 533 using
the SCIEX 6500+ system
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01/06/25 11.2 19.9 684 271 3.3 <MRL
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Appendix

Table 4: Compound-specific MRM parameters for the analysis of PFAS in drinking water by EPA Method 533 using the QTRAP 6500+ system.

Precursor Fragment

ion (2] im?[Da] DP [V] CE [V) CXP (V)
PFBA 213.0 168.9 -10 -14 -7
PFPeA 262.9 218.9 -5 -12 -21
PFHxA 3128 268.9 -5 -14 -23
PFHpA 362.9 318.8 -15 -14 -21
PFOA 413.0 368.9 -15 -14 -27
PFNA 462.9 418.9 -5 -16 -19
PFDA 512.8 468.9 -5 -16 -27
PFUNA 562.9 518.9 -5 -16 -7
PFDoA 612.9 568.8 -15 -18 -29
PFBS 298.9 79.9 -5 -68 -11
PFPeS 348.8 79.9 -85 -74 -9
PFHxXS 398.8 79.9 -60 -86 -13
PFHpS 448.9 79.9 -30 -100 -9
PFOS 498.8 79.9 -85 -108 -39
4:2FTS 326.9 306.9 -55 -28 -34
B:2FTS 426.9 406.8 -55 -32 -19
8:2FTS 526.9 506.8 -60 -40 -31
PFMPA 229.0 84.9 -5 -20 -11
PFMBA 278.9 84.9 -5 -22 -9
NFDHA 294.9 200.9 -5 -14 -17
PFEESA 314.9 134.9 -30 -30 -13
HFPO-DA 284.7 168.9 -15 -12 -17
ADONA 376.9 250.9 -5 -14 -17
9CI-PF30NS 530.8 350.8 -20 -36 -23
11-CI-PF30UdS 630.8 450.8 -5 -42 -25

The SCIEX clinical diagnastic portfalio is Far In Vitro Biagnostic Use. Rx Only. Praduct(s] not available in all countries. For information on availability, please cantact
your local sales representative or refer to https://sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnastic Procedures.

Trademarks and/or registered trademarks mentioned herein, including associated logaos, are the property of AB Sciex Pte. Ltd. or their respective owners in the United
States and/or certain other countries (see www.sciex.com/trademarks).
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