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FluoroMatch Suite MS1 Only Algorithms: FluoroMatch Suite covers the entire non-targeted PFAS workflow (Figure 
1) using MS/MS algorithms and the largest fragmentation database to date providing a <5% false positive rate. 
However, MS/MS coverage is often incomplete, and DIA methods often provide lower quality spectra after 
deconvolution. Therefore, we developed MS1 only algorithms for providing highly accurate formula predictions 
(Figure 2) and for classifying features as PFAS or not PFAS using Kaufmann analysis (Figure 3)
Validation: Algorithms were validated on NIST A and NIST C samples from the NIST PFAS interlaboratory study. 
NIST A consisted of known PFAS chemical standards, and NIST C consisted of an aqueous fire fighting foam 
(AFFF) contaminated soil sample. Formula prediction with homologous series voting (taking the most common 
repeating formula) was extremely accurate for both samples with a 0% false positive rate, and without homologous 
series voting the false positive rate was between 17-26% (Table 1). Kaufmann Analysis was highly specific for 
classifying PFAS with only 4% of non-PFAS being classified as PFAS with our Kaufmann based model, and only 6% 
of PFAS not be classified as PFAS according to our model for NIST C (Table 2). 
Contact: Jeremy.Koelmel@yale.edu with software questions, Krystal.Pollitt@yale.edu for research collaborations
Download: innovativeomics.com/software

Overview: Intro, Methods, Results, and Conclusion

Figure 1. FluoroMatch Suite user and algorithm workflow: Input files accepted include all ions, data-dependent, 
intelligent data acquisition, and full-scan data from any vendor or mzML formatted file. After dragging files onto 
the software and choosing parameters (defaults provided for each vendor in a drop-down list), peak picking, blank 
filtering, annotation, homologous series detection, and PFAS classification is performed. Annotation consists of 
predicted MS/MS based-matching, rule-based MS/MS matching, accurate mass matching, and formula 
prediction. PFAS classification consists of Kaufmann analysis, homologous series detection, fragment screening, 
and mass defect filtering.
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Formula Prediction Algorithm and Results

n
False Positive 

Rate

False Positive Rate 
(With Homologous 

Series Voting)
False  Negative 

Rate

False Negative Rate 
(With Homologous Series 

Voting)
NIST A 12 17% 0% 0% 17%
NIST C 151 26% 0% 30% 6%
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Figure 2. Formula prediction algorithm: The formula prediction algorithm selects the most intense MS1 spectra and 
filters the spectra using mass defect to only retain ions of interest. Poor quality spectra are excluded from formula 
prediction. Atomic constraints are set based on isotopic pattern and resulting formula are filtered using various criteria 
(senior rule, common element ratios, nitrogen rule, etc.). The resulting list of formula (after adding MS/MS and 
database matches from FluoroMatch) are scored based on various criteria including m/z and intensity similarity. 
Presence of repeating formula motifs in homologous series are used to more accurately assign an entire series 
formula using “homologous series voting”. 

Table 1. False positive and negative rates for formula prediction algorithm with and without homologous series voting 
for NIST A (chemical standards) and NIST C (AFFF contaminated soil). The false negative rate is the number of 
validated species which had no corresponding formula predicted (due to spectral quality issues, or in the case of 
homologous series voting, no consistent formula motif for the homologous series).   
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Kaufmann Analysis Algorithm and Results

False Positive Rate
 (non-PFAS < 0.96)

False Negative Rate
(PFAS > 0.95)

Missing Estimations (eC = 0)

NIST A 24% 0% 0%
NIST A (n) 244 12 12
NIST C 4% 6% 15%
NIST C (n) 905 129 151

C. Kaufmann plot of confirmed PFAS D. Kaufmann plot of unlikely PFAS
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Figure 3. Kaufmann Classification: Kaufmann based filtering of NIST C using isolines established from kernel density 
plots of a known PFAS database to determine likely PFAS. A) Kaufmann kernel density plots using the EPA PFAS 
dataset (z axis converted to 1 - percent coverage). B) Isolines formed using the same EPA PFAS dataset. C) High 
confidence PFAS feature from NIST C with the 95% isoline overlay (red). D) Likely non-PFAS from NIST C with the 
95% isoline overlay (red).

Table 2. False positive and negative rates for Kaufmann based PFAS classification model: The percent of unlikely PFAS 
(FluoroMatch score E) which were within the Kauffman 95% isoline were used to calculate the false positive rate: 
assigned PFAS based on Kaufmann analysis which were likely not true PFAS. The percentage of confirmed PFAS 
which were outside the Kaufmann 95% isoline were used to calculate the false negative rate: confirmed PFAS which 
were not assigned as likely PFAS by Kaufmann analysis. Kaufmann analysis could not be performed without an M+1 
peak detected; in which case these features were considered as “missing estimations”.        DE-00659
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