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A B S T R A C T

Multiple poly- and perfluoroalkyl substances (PFASs) are present in aqueous film-forming foams (AFFF) used for 
firefighting activities. Currently, no single analytical technique provides a complete accounting of total PFASs or 
total organofluorine content in AFFF-contaminated samples. To provide insight into the performance of existing 
methods, we compared ten previously described PFAS measurement techniques. In AFFF-amended tap water, US 
EPA Methods 533 and 1633, adsorbable organic fluorine with particle induced gamma emission spectroscopy 
(AOF-PIGE) and fluorine-19 nuclear magnetic resonance (19F NMR) provided similar estimates of total fluorine. 
The total oxidizable precursor (TOP) assay, suspect screening, and adsorbable organic fluorine with combustion 
ion chromatography (AOF-CIC) yielded estimates of total organic fluorine that were about two to three times 
higher than the other techniques. Proximate to AFFF sources, suspect screening and modified EPA Method 1633 
yielded higher results, while the TOP assay results were between the other two sets of analyses. Further from 
sources, suspect screening, modified EPA Method 1633, and the TOP assay yielded similar results that were 4- 
fold higher than results from targeted quantification methods, such as EPA Method 1633. These results are 
consistent with expectations about PFAS behavior and inform the selection of analytical techniques used for 
PFAS contamination characterization efforts.

1. Introduction

Per- and polyfluoroalkyl substances (PFASs) include over 8000
compounds utilized for various industrial and commercial applications 
(Evich et al., 2022; Buck et al., 2011). The use of PFAS-containing 
aqueous film-forming foams (AFFF) for firefighting at military bases, 
civilian airports, oil refineries and firefighter training centers represent a 
major source of contamination of water, soil and sediments with PFASs 

(Barzen-Hanson et al., 2017). While the initial introduction of AFFF in 
1963 featured specific PFASs, (Ateia et al., 2023a) it is important to note 
that these formulations have since undergone changes. Presently, AFFF 
generally comprises perfluoroalkyl acids, such as perfluoroalkyl car
boxylates and perfluoroalkyl sulfonates, alongside an assortment of 
anionic, cationic, and zwitterionic polyfluoroalkyl compounds 
(Nickerson et al., 2020). These constituents can undergo trans
formations through both abiotic and biotic processes, resulting in the 
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formation of various other compounds, including perfluoroalkyl acids 
(Jin et al., 2023; Zhang et al., 2021). Consequently, AFFF-impacted sites 
often feature complex mixtures of PFASs, many of which currently lack 
analytical standards (Nickerson et al., 2020).

As part of efforts to better account for the PFASs in wastewater, 
PFAS-impacted solids, surface-and groundwater researchers have 
developed analytical methods that provide an aggregate measure of 
total organofluorine content. Comparison of data from these charac
terization methods with targeted measurement of PFASs by LC/MS-MS 
methods (which only include compounds for which analytical stan
dards are available) suggest that only a fraction of the organofluorine 
content of AFFF-derived PFAS mixtures can be quantified directly (Pelch 
et al., 2023; Wellmitz et al., 2023; Hao et al., 2021). Complementary 
aggregate techniques, like the total oxidizable precursor (TOP) assay, 
suspect screening, and total organofluorine quantification have been 
developed to gain more information about unidentified PFASs 
(Getzinger et al., 2021; Charbonnet et al., 2022). These methods, how
ever, exhibit considerably different estimates of total organofluorine 
compound concentrations (Rehnstam et al., 2023) when the same 
sample is analyzed by multiple methods. These differences are attrib
utable to the underlying chemistry of the measurement technique.

Measuring precursors that can be oxidized to perfluoroalkyl acids is 
important to efforts to characterize PFAS contamination because it 
provides information on the concentration of compounds for which 
direct quantification methods are not available (Ateia et al., 2023b). 
Because the same kind of oxidative transformation reactions in the TOP 
assay occur in the environment, it also may provide insight into the 
potential for precursors to be converted into perfluoroalkyl acids by 
microbes, chemical oxidants or in vivo processes. Suspect screening is a 
technique that involves identifying and quantifying concentrations of 
compounds present in a sample by using a list of potential candidates. 
Quantification is considered to be semi-quantitative because surrogate 
standards are used that are believed to behave in a similar manner to the 
target compounds. In contrast, non-target analysis is used to identify 
compounds present in a sample without prior knowledge of its presence. 
It offers a broader potential for assessing the full scope of PFAS 
contamination but it cannot provide quantitative data for the com
pounds that are detected.

Methods that quantify total organofluorine content in environmental 
samples are not affected by individual product yields or the selection of 
surrogates. Such methods include detection of adsorbable organo
fluorine by combustion ion chromatography (AOF-CIC), detection of 
adsorbable organofluorine by particle-induced gamma ray emission 
spectroscopy (AOF-PIGE), (Tighe et al., 2021) and fluorine-19 nuclear 
magnetic resonance spectroscopy (19F NMR) (Camdzic et al., 2023; 
Gauthier and Mabury, 2022). All three are inclusive methods that detect 
diverse PFAS (Ritter et al., 2017; Han et al., 2021). Lower detection 
limits compared to LC/MS-MS methods, however, require preconcen
tration from relatively large sample volumes. As with other methods 
using preconcentration, the total organofluorine methods may under
estimate compounds with poor adsorbability/retention. For 19F NMR, 
chemical shift information can distinguish among different fluorinated 
functional groups; (Bhat et al., 2024, 2022) in particular, most linear 
PFASs share a characteristic 19F NMR response signal from the terminal 
CF3 near −83 ppm (Camdzic et al., 2023).

Although each of the available quantification methods measure a 
different subset of PFASs and each method has different limitations, a 
direct intercomparison of the performance of all methods is not yet 
available (Han et al., 2021; Gehrenkemper et al., 2021; Forster et al., 
2023). To address this gap, we performed a systematic inter-method 
evaluation of ten analytical methods using AFFF diluted into tap water 
and two samples of AFFF-impacted groundwater. By simultaneously 
analyzing samples with targeted quantification methods and aggregate 
methods, we provide insight into the strengths and weaknesses of 
available approaches as well as guidance on ways to use combinations of 
methods to characterize AFFF contamination.

2. Materials and methods

2.1. Description of samples

An electrochemical fluorination (ECF) derived AFFF was collected 
from a tank at a U.S. Air Force Facility (Hao et al., 2021) and was used to 
spike tap water (~10,000,000-fold diluted) collected at the University of 
California at Berkeley. All spiked tap water samples were used as 
received from the tap (without dechlorination) and were run in 5–6 
experimental replicates for all the tested analytical methods. Tap water 
in this location typically contains residual chloramines at concentrations 
of 3–4 mg/L as Cl2 (EBMUD, 2023). However, scientific studies suggests 
that the reaction between chloramines and PFAS precursors might be 
slow or inefficient under these conditions (Twight, 2019). In addition, 
two groundwater samples were collected from a PFAS-impacted aquifer 
near a military site (DOC: 1.3 – 1.9 mg C/L and pH ~ 7.0). Selection 
criteria for the wells that were sampled were based on 2022 ground
water monitoring data from EPA Method 1633 provided by the site 
managers (data not available publicly). The first monitoring well (Site 1) 
featured higher PFOA+PFOS concentration (1.8 ± 0.1 µg/L) and was 
chosen to represent contamination near the source. The second well 
(Site 2), located approximately 500 m downgradient, featured lower 
concentrations (though still above detection limits for method 1633; 
PFOA+PFOS, 0.07 ± 0.002 µg/L) and represented conditions likely to 
be encountered after sorption and biotransformation had removed the 
less mobile PFAS.

2.2. PFAS analytical methods

Ten available analytical methods were utilized in this study. Four of 
the methods quantify a specific, though limited number of individual 
PFAS with detection by HPLC/MS-MS (i.e., EPA Method 533, (USEPA, 
2019) EPA Method 537.1, (Shoemaker, 2020) EPA Method 1633, 
(USEPA, 2021) and modified EPA Method 1633 (similar to EPA Method 
1633 without any changes to the SPE extraction technique or analytical 
protocols but with 21 additional analytes)) while two methods quantify 
select organofluorine compounds for which standard methods are not 
available (i.e., suspect screening (see details in S.1.4), TOP assay (total 
concentration of fluorine in PFCAs + PFSAs after oxidation; ultrashort 
compounds (e.g., TFA and PFPrA) were not measured (Houtz and Sed
lak, 2012). Three methods were used to quantify total organofluorine 
compounds (i.e., AOF-CIC, (USEPA, 2022) 19F NMR, and AOF-PIGE 
(Tighe et al., 2021) as an estimate of total PFAS (i.e., providing no 
measurement of concentration of individual PFAS). Finally, a 
GC-MS/MS method targeting semi-volatile PFASs, fluorotelomer alco
hols and acrylates was included. Specific details on these methods are 
listed in Section S.1 of the SI and related documentation cited in that 
section. Lists of analytes and limits of quantifications for specific 
methods are in sections S.2 and S.3.

3. Results

3.1. AFFF-spiked tap water

As an initial investigation, nine techniques were evaluated for 
measuring total organofluorine in AFFF-spiked tap water (see total 
organofluorine calculation in Section S.6 in SI). The two most commonly 
used targeted quantification methods (i.e., EPA Method 533 and EPA 
Method 1633) yielded similar total organofluorine values (i.e., 107.8 ±
6.4 nM and 120.5 ± 2.3 nM, respectively; Fig. 1). This similarity is 
notable given that PFOS (~3 µg/L) and PFHxS (~0.3 µg/L), the two 
PFAS detected at the highest concentrations in these samples, were 
identified by both methods. Two other methods yielded similar results to 
those obtained by the targeted quantification method: AOF-PIGE (110.1 
± 9.6 nM) and 19F NMR (110.0 ± 11.9 nM). The modified version of 
EPA Method 1633, which included 61 PFASs for which reference 
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standards are available (Table S.2) yielded a total concentration that 
was about 10 % higher than those obtained with EPA Method 1633, 
which included 40 PFASs (p<0.05). About 10 % of the increase in PFASs 
for the modified EPA Method 1633 was attributable to the presence of 
PFPrS, Cl-PFOS, FHxSA and PFEtCHxS which were not monitored by any 
other method (see Figure S.3).

Three of the aggregate analysis methods yielded considerably higher 
concentrations. The TOP assay coupled with solid phase extraction and 
LC-MS/MS analysis, yielded estimates of total organofluorine concen
tration that were about 50 % higher than the targeted quantification 
techniques (160 ± 8 nM), likely due to the presence of polyfluoroalkyl 
compounds in 3 M AFFF for which analytical standards are not available 
(Edmiston et al., 2023). The AOF-CIC method yielded estimated total 
organofluorine concentrations that were about twice as high as the 
targeted quantification methods (234 ± 73 nM), while semiquantitative 
analysis using the suspect screening approach yielded even higher 
organofluorine concentrations (281 ± 13 nM). Although the semi
quantitative suspect screening method captured the highest concentra
tions of total organofluorine compounds, its use is limited to laboratories 
with high resolution mass spectrometry (HRMS) and trained analysts, 
while the TOP assay and AOF-CIC can be run in most commercial or 
research labs. It should also be noted that the GC/MS-based method 
failed to yield any data above the limit of detection of this method 
(50–250 ng/L depending on the analyte).

Among the widely accessible methods, AOF-CIC yielded the highest 
estimates of total organofluorine compounds in AFFF-contaminated 
waters. However, the AOF-CIC method exhibited substantial vari
ability among replicate analyses. This may be because the method 
detection limit for AOF-CIC is 50 nM (or 1 µg F/L), which is close to the 
amount of targeted PFASs that was added to the sample (C0 ~ 150 nM or 
3 µg/L), which is comparable to the range of concentrations reported for 
environmental samples (e.g., 10–400 nM as in Figs. 2 and 3). As a result, 

AOF-CIC exhibited lower precision in these samples. Less commonly 
used aggregate methods such as AOF-PIGE and 19F NMR have somewhat 
higher sample volume requirements for preconcentration (e.g., at least 
1 L sample for 19F NMR; 1.5 L sample for AOF-PIGE) and yielded esti
mates of total organofluorine compounds that were lower than those 
obtained by AOF-CIC and the TOP assay. The 19F NMR spectra are in 
Section S.7.

3.2. PFAS-impacted groundwater

Results from analysis of the two samples from PFAS-impacted 
groundwater provide further insights into the performance of the 
aggregate characterization methods under conditions encountered in 
less contaminated samples near source zones and at downgradient lo
cations. According to results from the targeted quantification methods 
(Fig. 2), the sample collected from Site 1 contained concentrations of 
targeted PFASs that were about twice as high as those in the diluted 
AFFF depicted in Fig. 1. However, the downgradient groundwater 
sample (Site 2) contained PFAS concentrations that were about one 
order of magnitude lower than those detected at Site 1 (Fig. 3).

The Site 1 sample which was collected in source zone is believed to 
be impacted by similar AFFF types as those used for the AFFF-spiked tap 
water samples described in the previous section. PFAS concentrations 
from modified EPA Method 1633 and the suspect screening method 
were about twice as high as the values obtained by the standard targeted 
quantification methods (i.e., EPA Method 533 and EPA Method 1633), 
whereas the TOP assay yielded results that were about 50 % higher than 
the targeted quantification methods. The 19F NMR method yielded re
sults that were about 25 % higher than the targeted quantification 
methods. This sample was only analyzed once due to limited remaining 
sample volume being available, and additional volume may have 
improved the result (Camdzic et al., 2023; Gauthier and Mabury, 2022). 

Fig. 1. Total organofluorine concentrations measured by nine methods in spiked tap waters (n=5 except 19F NMR, modified EPA Method 1633 and suspect screening 
(n=6). ND: Not Detected. Green areas are density curves, where the width of each curve corresponds with the approximate frequency of data points in each region. 
*Uncertainty is represented as standard deviation of replicate samples and does not represent uncertainty in the quantitative method used for suspect screening.
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No PFASs were detected by GC-MS analysis.
Results from analysis of samples collected downgradient of the 

source (Site 2) yielded lower PFAS concentrations but indicated a trend 
similar to Site 1, where the TOP assay (10.1 ± 2.3 nM) yielded a higher 
estimate of total organofluorine concentration compared to the EPA 
Method 1633 (2.2 ± 1.6 nM), EPA Method 533 (7.0 ± 0.03 nM) and 
modified EPA Method 1633 (8.5 ± 0.3 nM) and suspect screening 
(modified EPA Method 1633 + semiquantitative analysis of the suspect 
analytes (8.7 ± 0.3 nM)). AOF-PIGE and AOF-CIC were not employed 
for these samples due to the need for high sample volumes (>250 mL per 
analysis) and the low sensitivity of the methods.

4. Discussion

4.1. Impacts of concentrating extracts during sample preparation

Results from the sample associated with Site 1 suggest that the three 
sulfonamides (FBSA, FPeSA and FHxSA; see attached excel sheets and 
Figure S.4 in SI) explain some of the differences between the reported 
total organofluorine concentration between EPA Method 533, EPA 
Method 1633, the TOP assay, modified EPA Method 1633 and the sus
pect screening analysis. For this sample, these three compounds 
accounted for about 35 % of the total mass of F. Incorporation of sul
fonamides into the targeted PFAS lists would require method modifi
cation to mitigate losses, as was done for the modified EPA Method 
1633. For instance, results from the TOP Assay indicate that compounds 
like FHxSA undergo volatilization when the sample is heated or are lost 
when samples are blown to dryness (unpublished data). Therefore, en
hancements in the methodology are essential to minimize sulfonamide 

losses.

4.2. Discrepancies between TOP assay, modified EPA method 1633 and 
suspect screening

The observation that total organofluorine concentrations obtained 
by the TOP assay are sometimes lower than those obtained from the 
modified EPA Method 1633 or suspect screening is consistent with our 
understanding of the way that the oxidation process works. Estimates of 
total organic fluorine by the TOP assay are based on an assumption of 
quantitative conversion (i.e., 100 % yield) to measurable target PFAS, 
despite the observation of conversions in the range of 70–90 % for 
compounds like perfluoroalkyl sulfonamides (Houtz and Sedlak, 2012). 
Although it might be possible to adjust organofluorine compound con
centrations by correcting for incomplete conversion of the compounds, 
such approaches would require assumptions that would be difficult to 
justify or correct among samples. It should also be noted that tri
fluoroacetic acid (TFA) and perfluoropropanoic acid (PFPrA) were not 
measured by the TOP assay implemented here. This omission could be 
significant, as these ultrashort compounds account for about 20–50 % 
(molar fluorine) of the perfluorocarboxylates produced when certain 
AFFF are subjected to the TOP assay (Tsou et al., 2023; Martin et al., 
2019). Additionally, the TOP assay may generate unknowns beyond 
these ultrashorts, including non-traditional endpoints such as 
oxa-unsaturated perfluoroalkyl acids (UPFECAs), perfluoro cyclo
pentane carboxylic acids (PFCPeCAs) and H-PFCAs for AFFFs (Shojaei 
et al., 2022; Liu et al., 2024). Incorporating these non-traditional end
points presents challenges, such as the need for new analytical methods 
or standards.

Fig. 2. Total organofluorine concentrations measured by seven methods in a groundwater sample from a field site (Site 1) with high PFAS concentration (n=3) 
except for 19F NMR, (n = 1). Green areas are density curves, where the width of each curve corresponds with the approximate frequency of data points in each region. 
ND: Not Detected. *Uncertainty is represented as standard deviation of replicate samples and does not represent uncertainty in the quantitative method used for 
suspect screening. * AOF-CIC was not selected for this analysis because results from analysis of spiked spiked tap waters indicated high variability under 
these conditions.
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4.3. Detection and recovery issues with total fluorine methods

Results for the total organofluorine methods suggest a tradeoff be
tween greater analytical inclusivity compared to LC-MS/MS methods 
and analyte losses during preconcentration steps required to accom
modate higher detection limits. For 19F NMR, the lower total organo
fluorine concentrations detected compared to the TOP assay and suspect 
screening may be attributable to volatile losses during extract dry down/ 
concentration, incomplete elution from the mixed bed cartridges, and/ 
or poor retention of ultrashort chain PFAS on the mixed bed cartridges. 
Increasing the signal-to-noise ratio for more accurate measurements can 
be achieved by increasing the 19F NMR scan count. However, a four-fold 
increase in scan count, which doubles the signal-to-noise ratio, yielded 
an increase of only 10.6 nM in the overall fluorine detection for one 
AFFF-spiked tap water sample (Figure S.1). Consequently, it is 
improbable that the higher limits of detection for 19F NMR are the cause 
of the differences in detection between 19F NMR and the methods that 
yielded higher results.

Quantification using AOF-CIC exhibited relatively high variability in 
total organofluorine measurements (Fig. 1), indicative of apparent 
precision issues specific to AOF-CIC when applied to AFFF-impacted 
waters. Although AOF-PIGE exhibited a lower variability, the reported 
concentrations were 1.5 – 3 fold lower than the TOP assay and semi
quantitative analysis. It should be noted that the limit of quantification 
(LOQ) for AOF-CIC and AOF-PIGE was 1 µg F/L (or 52.6 nM). Several 
factors may contribute to the low precision, such as variability in inor
ganic fluorine content of carbon adsorption tubes, poor and/or incon
sistent retention of shorter chain PFASs, inconsistent separation of 

inorganic fluorine during column washing, or contamination of the wash 
solutions, combustion chamber and/or condensation tubing (Pan and 
Helbling, 2023).

4.4. Discrepancies observed for EPA Method 1633 in field samples

Results from the sample associated with Site 2 suggest that EPA 
Method 1633 exhibited a high level of variability. For this sample, no 
perfluorocarboxylic acids (PFCAs) were detected in any of the three 
replicates, which contradicted the modified EPA Method 1633, TOP 
Assay and EPA Method 533 results where PFCAs accounted for about 
45 % of the total mass of F (SI Section S.8, Figure S.5). The high EPA 
Method 1633 LOQ (40–400 ng/L, see Table S.4) resulted in the reporting 
of all concentrations as ‘non-detect’, while the results from TOP Assay, 
modified EPA Method 1633 and EPA 533 confirm that multiple PFCAs 
were present in Site 2 with concentrations ranging from 1–30 ng/L. This 
discrepancy was not evident in Site 1 samples where PFCAs concentra
tions ranged between 80–720 ng/L. Therefore, method quantification 
limits should also be monitored along with PFASs concentrations to 
identify organofluorine content in environmental samples.

5. Conclusions

In summary, several approaches have been identified that could be 
useful for further development of the methods evaluated in this study 
(Table 1).

For methods that rely upon LC/MS-MS and the 19F NMR, eliminating 
the need of nitrogen drying during extract concentration could prevent 

Fig. 3. Total organofluorine concentrations measured by five methods in a groundwater sample from a field site (Site 2) with low PFAS concentration (n=3). Green 
areas are density curves, where the width of each curve corresponds with the approximate frequency of data points in each region. ND: Not Detected. *Uncertainty is 
represented as standard deviation of replicate samples and does not represent uncertainty in the quantitative method used for suspect screening.
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evaporative loss of volatile compounds. Methods such as EPA Method 
533 and EPA Method 1633 could significantly benefit by the incorpo
ration of additional standards as illustrated by application of the 
modified Method EPA Method 1633 in the groundwater samples. The 
widespread availability of additional analytical standards for PFASs 
known to be present in AFFF could improve total organofluorine re
covery by targeted quantification methods. Further research on the 
transformation of polyfluorinated AFFF analytes may provide a basis for 
targeting the inclusion of transformation products in standard methods.

The GC-MS protocol was ineffective in this study. This may be 
attributable to its relatively low sensitivity and limited analyte list (i.e., 
it currently examines fluorotelomer alcohols and fluorotelomer acry
lates). Protocols to incorporate perfluoroalkyl sulfonamides and other 
polyfluoroalkyl precursors might make this method more useful.

The TOP assay could be improved by developing approaches that 
avoid nitrogen drying from extracts. Inclusion of a wider range of target 
analytes, including ultrashorts and transformation products from ether 
compounds, could increase total organofluorine recovery.

For AOF-CIC, results indicate that protocols to minimize variability 
are warranted. This could potentially involve examination of back
ground contamination in the carbon adsorbents and during combustion 
process, development of more reliable adsorbents for PFASs capture, and 
identification of steps to optimize the organofluorine recovery during 
eluent extraction protocols. Protocols to lower the detection limit of 
AOF-CIC and 19F NMR would also be helpful. AOF-PIGE and 19F NMR, 
although more precise than AOF-CIC, still need improvements with the 
sample preconcentration methods. Options include processing larger 
volumes, further optimization of cartridge composition and extraction/ 
elution protocol (for 19F NMR), using more than one carbon felts (AOF- 
PIGE) and/or using lyophilization (19F NMR) as an alternate pre
concentration method (Camdzic et al., 2023; Gauthier and Mabury, 
2022).
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Table 1 
Suggestions to consider when examining total organofluorine with different 
methods.

Method Current Practice Better Practice
19F NMR • Mixed bed cartridges are used 

for PFASs extraction.
• Extract concentration is 

performed by concentrating 
organic eluent under nitrogen 
gas which may result in loss of 
volatile precursors.

• Drying under nitrogen gas 
should be evaluated for loss of 
volatile precursors.

• Cartridge composition and 
elution protocol should be 
optimized for PFAS retention 
and elution.

• Lower detection limits.
AOF-CIC 

and AOF- 
PIGE

• Both AOF-CIC and AOF-PIGE 
use carbon-based adsorbent 
used for PFASs sorption.

• AOF-PIGE is a screening tool 
to measure total 
organofluorine in a water 
sample.

• AOF-PIGE needs pH 
adjustment to an acidic pH to 
reduce binding potential of 
inorganic F on carbon.

• Proprietary wash solution 
used to remove inorganic 
fluorine for AOF-CIC.

• Relatively high variability in 
total organofluorine observed 
with AOF-CIC.

• Alternative adsorbents for 
PFASs sorption.

• Protocols to minimize 
variability are warranted.

• Include ultra-short chain 
target analytes.

TOP •
13C FOSA used as oxidation 
surrogate

• Avoid losses of volatile 
compounds during sample 
blowdown.

EPA 533 • Examines 25 analytes.
• Extract concentration is 

performed under nitrogen 
gas.

• Does not analyze precursor 
compounds such as FBSA, 
FPeSA and FHxSA.

• Does not include ultra-short 
chain target analytes.

• Adopt EPA 1633 protocols for 
PFASs analysis (avoid 
nitrogen drying).

• Analyze additional precursor 
compounds with 
commercially available 
standards (e.g., FBSA, FPeSA 
and FHxSA).

• Include ultra-short chain 
target analytes.

EPA 537.1 • Adopted for drinking water.
• Extract concentration is 

performed under nitrogen 
gas.

• Fails in high turbidity samples 
(>1 NTU).

• Filtration prior to analysis for 
field samples may be 
warranted.

EPA 1633 • Examines 40 analytes.
• Does not involve extract 

concentration under nitrogen 
gas.

• Does not analyze precursor 
compounds such as FBSA, 
FPeSA and FHxSA.

• Does not include ultra-short 
chain target analytes.

• Analyze additional precursor 
compounds with 
commercially available 
standards (e.g., FBSA, FPeSA 
and FHxSA).

• Include ultra-short chain 
target analytes.

Modified 
1633

• Examines 61 analytes.
• Does not involve extract 

concentration under nitrogen 
gas.

• Includes precursor 
compounds such as FBSA, 
FPeSA and FHxSA.

• Inclusion of additional 
analytes may be warranted 
considering the suspect 
screening analysis with 
spiked tap waters.

• In LC-MS, higher injection 
volumes can increase signal 
intensity but may also intro
duce noise and matrix effects, 
while lower volumes improve 
resolution but reduce signal.

• Water quality parameters like 
pH, TDS, and organic content 
can affect detection accuracy.

GC-MS/MS • Only limited to FTOHs and 
FTACs.

• Method amendment to 
include other volatile and 
semi-volatile (non-fluo
rotelomer) AFFF precursors is 
warranted.

• Lower detection limits.
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