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Non-Targeted Analyses generate 
results with varying confidence levels.



What is NTA?
Non-Targeted Analysis

BP4NTA - The characterization of the chemical composition of any given 

sample without the use of a priori knowledge regarding the sample’s 

chemical content. 

The framework by which a defined chemical space is investigated 

within a sample without a priori knowledge for the primary purpose of 

chemical discovery.



NTA Feature Distribution
Body of Knowledge Limited

Features in Electrospray may be chemicals, in-source fragments, or clusters/adducts

Chemical space of full scale NTA study is vast 

(+9000 for drinking water)

More difficult to deconvolute In-source fragments than clusters

(once a bond breaks, the neutral is lost)

Confidence Annotation of features naturally heavily weighted on lower confidence scores 

(Few level 1 and many Level 4/5)



Complete NTA Workflow
Example – Thermo Compound Discoverer 3.3



No MS/MS data
Conundrum of ddMS2 Workflows

Typical Full Scan NTA acquisition has a data-dependent MS2 component to it.

Triggered only when chemical feature is above threshold

Trade-off of ddMS2 over All ions fragmentation (AIF) is ease of deconvolution

Ultimately, many features do not have MS/MS data



Can we increase identification 
confidence for the many features 
that have no MS2 data?



Kendrick Mass / Mass Defect

Plot of Kendrick Mass Defect (KMD) vs. MW

KMD(CF2) = M * round(KFM) / KFM – round(M)

Where KFM = 49.9968 and M = mass(feature)

Produces horizontal lines where CF2 homologs occur

Mass Defect = MW – floor(MW)

Disadvantage:  Scales poorly to non CF2 homologs

PFCAs

PFSAs

PFSulfonamides



What’s in a M/Z

Example: [M-H]- ion for PFOA

For PFAS:

- m/z is larger because F atoms have 

replaced H atoms

- Mass defect becomes larger as more F 

atoms added

412.96637

Mass Defect –  from integer



What’s in a Mass Spectrum (MS1 Full Scan)

If Carbon 13 abundance is 8.73%, this feature has 8 carbons (independent of F atoms)

Octanoic Acid Perfluoro-octanoic Acid



What’s in a Mass Spectrum (MS1 Full Scan)

OCTANOIC ACID • PFOA



Kaufmann Plot of PFAS (md/C vs. m/C)

Octanoic acid

PFOA



Kaufmann Plot of PFAS (md/C vs. m/C)

Upper Bound for 

PFAS (f2)

Lower Bound for 

PFAS (f1)

False + 

Region



PFAS-ness – Upper and Lower Bounds

Zweigle et al did similar 

work calculating a single 

value using a more 

complicated calculation



Machine Learning Approach to RT 
Modeling



Using R packages: rcdk 
(QSAR), neuralnet to 
generate a 7:4 MLP

Pretty good prediction +/- 
1.0 min, some outliers

Not universal and not 
directly transferable

Overly trained for PFAS 
(80+ PFAS) but includes 

pesticides, CECs

Did initial Cross-Validation 
from 10% to 90% training, 
run with 5 replicates of 
randomized data.  RMSE 
minimization confirmed.

Dominant QSARs that 
predict RT are usual 
suspects (eg: AlogP)

Another tool – to help 
increase ID confidence

RT Modeling – How and Why



RT Model – Observed/Predicted

Prallethrin



RT Model (2021) vs. 2023
47 compounds – mostly PFAS

y = 1.0417x + 0.1164

R² = 0.9986
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What’s Required for an RT Model 

• Structures of all molecules (SMILES)

• Specific Quantum Structure Activity Relationship (QSAR) calculations.  Examples:  

ALogP, nHB Donors, nHB Acceptors, Elemental counts, polarizability)

• Train the model

• Validate the Model using various test/train ratios.  Determine if RMSE goes 

down as train ratio increases

• Store the model

• Use model on Feature candidate lists (one feature, many possible chemicals)



Molecular Networks To Explore 
Feature Relationships



Molecular Networks (Thermo CD)

PFSulfonates

PFCAs

Triazines+TPs

PFSulfonamides



Informed DeNovo Molecular 
Formula Generation



Molecular Formula Generation
- DeNovo – “from the beginning”

- Decomposition computationally expensive / time consuming (last resort)

- Often produces more junk than useful information



Molecular Formula Elemental Bounds
Raw MS1 Spectrum

Non-feature related noise



Molecular Formula Elemental Bounds
Filtered MS1 Spectrum

Presence of 2 Chlorine atoms

Estimated Carbons = 

8.92 +/- 2 carbons



Molecular Formula Elemental Bounds
Raw MS1 Spectrum

Non-feature related noise



Molecular Formula Elemental Bounds
Filtered MS1 Spectrum

Presence of one sulfur atom max

No Cl, Br
Estimated Carbons = 15.66



Molecular Formula Elemental Bounds
Filtered MS1 Spectrum

Presence of 5 sulfur atoms?

No Cl, BrEstimated Carbons = 21.96 ?



Molecular Formula Elemental Bounds
Filtered MS1 Spectrum

Ratio of M+1 and M+2 

indicates Si atom

Silicon detected

Presence of Silicon 

throws off M/Carbon 

ratio and easily 

identified



Conclusions

• In the absence of MS/MS data, MS1 spectra can be interrogated for more information 

• Using High Res Mass Spec intrinsic values like m/z, mass defect, and [13]C ratios can 

be used to calculate “PFAS-ness” and can be prioritized.

• Retention time prediction models provide an orthogonal technique to confirm or 

reject potential features

• Plotting data with intrinsically determined values is very useful for PFAS prioritization 

(Kendrick or Kaufmann)

• Informed Molecular Formula predictions that properly decompose MS1 spectra with 

elemental bounds more effective than agnostic ones
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