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Section 1. Ultrahigh resolution mass spectrometric analysis 
 

1.1. Tune validation and quality control 
 

The ESI-FT-ICR-MS instrument used here is calibrated daily with a freshly prepared 
polyethylene glycol (PEG) standard (Goranov et al., 2022; Romson and Emmer, 2021). After 
achievement of an acceptable tune, Suwannee River Fulvic Acid (SRFA) standard from the 
International Humic Substances Society (https://humic-substances.org/) was used to validate 
tune following the recommendations by the recent ESI-FT-MS interlaboratory comparison study 
(Hawkes et al., 2020). SRFA was analyzed as 20 mg/L carbon-equivalents in 1:1 MeOH:H2O 
solution (H2O = ultrapure laboratory-grade Milli-Q water; MeOH = Fisher Scientific, Optima LC-
MS grade). The obtained mass spectrum (Fig. S1) was processed as described in the 
manuscript. The molecular formulas (Fig. S2) were assessed of their fit within the H/C, O/C, m/z, 
and modified aromaticity index (AIMOD) ranges recommended by the interlaboratory comparison 
study (Hawkes et al., 2020).  

We determined that the measured SRFA molecular composition fit all molecular ranges 
(H/C, O/C, MW, AIMOD listed in Table S1) indicating that the tune was appropriately set for 
sequential analyses of natural organic matter. The acquired data would be comparable with 
previously published datasets as well as such that will be published in the future using the ESI-
FT-MS interlaboratory comparison study recommendations (Hawkes et al., 2020). Notably, only 
86 % of the commonly measured peaks from the ESI-FT-MS interlaboratory comparison study 
(Hawkes et al., 2020) were detected by our instrument, which is lower than the recommended 
threshold (95 %). This was likely due to the poorly functioning quadrupole sector analyzer of our 
instrument. Due to its age, it is unable to properly select ions at a broad range limiting the 
detected ions to 300-700 m/z and omitting commonly detected species in the 200-300 and 700-
900 m/z ranges.  
 

 
Figure S1. Whole (-)ESI-FT-ICR mass spectrum (left) and an expanded window at nominal 
mass of 443 (right) for Suwannee River Fulvic Acid standard reference material in MeOH:Water 
solvent conditions. 

https://humic-substances.org/
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Figure S2. Van Krevelen diagram (H/C versus 
O/C molar ratio plot) of assigned molecular 
formulas to Suwannee River Fulvic Acid 
standard reference material prepared in 
MeOH:Water solvent conditions. Formulas are 
color-coded based on their molecular weight 
(MW). The black lines indicate modified 
aromaticity index cutoffs (AIMOD)(Koch and 
Dittmar, 2006, 2016). 
 
 
 
 
 
 

 
 
Table S1. Comparison of tune validation parameters of a quality control Suwannee River Fulvic 
Acid (SRFA) spectrum relative to recommended criteria by the ESI-FT-MS interlaboratory 
comparison study (Hawkes et al., 2020). AIMOD = modified aromaticity index. 

Parameter Recommendation by  
Hawkes et al. (2020) 

Quality control  
SRFA spectrum  

Detected common ions ≥ 95 % 87 % 
Intensity-weighed H/C 1.09 ± 0.04 1.16  
Intensity-weighed O/C 0.52 ± 0.03 0.48  

Intensity-weighed AIMOD 0.34 ± 0.02 0.33  
Intensity-weighed m/z 423 ± 46 Da 451  
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1.2. Optimization of sample preparation conditions 
 

 
Figure S3. Whole (-)ESI-FT-ICR mass spectra (left) and expanded windows at nominal mass of 
443 (right) for VA Farm DOM sample prepared using the SPE-PPL100% MeOH and SPE-PPL1:1 
MeOH:Water sample preparation techniques (Goranov et al. 2022).  
 
 
 
 

 
Figure S4. Presence/absence analysis (Sleighter et al., 2012) on VA Farm DOM molecular 
compositions obtained following SPE-PPL100% MeOH and SPE-PPL1:1 MeOH:Water sample 
preparation techniques (Goranov et al. 2022). Van Krevelen diagram (H/C versus O/C molar 
ratio plots) of the unique formulas (present only in the composition from one of the approaches) 
is shown on the left panel, H/C versus molecular weight (MW) plot of unique formulas is shown 
in the middle panel, and the van Krevelen diagram on the right shows the common formulas of 
the two samples being compared (color-coded based on MW). The number of unique and 
common formulas is listed in the legends along with corresponding percentages (relative to total 
number of formulas in the two samples being compared). The black lines indicate modified 
aromaticity index cutoffs (AIMOD) (Koch and Dittmar, 2006, 2016). 
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Section 2. Formula categorization into compound classes 
 
Molecular formulas can be classified into different molecular categories referred to as 
“compound classes”. These groups are exclusive (i.e., compound classes do not overlap) and 
therefore this is a crude approach to classify observed molecular formulas based on assumed 
structure and biopolymeric source. This approach of separating the van Krevelen space into 
succinct regions has been useful in studying DOM biogeochemistry in various systems (Antony 
et al., 2017; He et al., 2019; He et al., 2018; Hockaday et al., 2009; Ikeya et al., 2015; Kim et al., 
2003; Koch et al., 2005; Kujawinski and Behn, 2006; Ohno et al., 2010; Ohno et al., 2014; Ohno 
et al., 2016, 2018; Santl-Temkiv et al., 2013; Schmidt et al., 2009; Sleighter et al., 2015; Sleighter 
et al., 2014). However, compound class assignments to formulas are not unambiguous, which 
is an issue that has been discussed in detail by Sleighter and Hatcher (2008). Fundamentally, 
the reason for this is the high number of structural isomers that are possible for molecular 
formulas (Hertkorn et al., 2007; Wieland et al., 1996). 
 
Table S2. Stoichiometric boundaries used to define five compound classes for coastal dissolved 
organic matter categorization. DBE = double-bond equivalency; AIMOD = modified aromaticity 
index. 

Compound Class Stoichiometric Boundaries Reference 
Carboxyl-rich Alicyclic 

Molecules (CRAM) 

0.30 ≤ DBE/C ≤ 0.68 
0.20 ≤ DBE/H ≤ 0.95 
0.77 ≤ DBE/O ≤ 1.75 

Hertkorn et al. (2006) 

Lignin 
AIMOD < 0.67 
 H/C < 1.5 

 0.1 < O/C < 0.67 
Goranov et al. (2023) 

Lipid (includes saturated 
aliphatics) 

1.5 ≤ H/C < 2  
O/C < 0.67  

N = 0 
Goranov et al. (2023) 

Condensed Aromatic 
Compounds (ConAC) AIMOD ≥ 0.67 Koch and Dittmar (2006); 

Koch and Dittmar (2016) 

Tannin 
AIMOD < 0.67  

H/C < 1.5  
O/C ≥ 0.67 

Goranov et al. (2023) 

Others Formulas that do not fit in any of 
the boundaries above 

 

 
Table S3. Compound class categorization of molecular formulas.   

CRAM Lignin Lipid Condensed 
Aromatics Tannin Others 

VA Forest 1656 (65 %) 587 (23 %) 138 (5 %) 129 (5 %) 19 (1 %) 10 (0 %) 
VA Farm 2606 (68 %) 615 (16 %) 528 (14 %) 34 (1 %) 14 (0 %) 57 (1 %) 

DE Forest 2540 (67 %) 799 (21 %) 244 (6 %) 131 (3 %) 51 (1 %) 32 (1 %) 
DE Farm 2636 (68 %) 754 (20 %) 277 (7 %) 87 (2 %) 65 (2 %) 38 (1 %) 

MD Forest 2455 (65 %) 827 (22 %) 247 (7 %) 152 (4 %) 56 (1 %) 56 (1 %) 
MD Farm 2484 (68 %) 747 (20 %) 264 (7 %) 89 (2 %) 35 (1 %) 45 (1 %) 
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Section 3. Molecular weight distributions of assigned molecular formulas 
 

 
Figure S5. H/C versus Molecular Weight plots of formulas found in coastal dissolved organic 
matter (DOM) under forested (left panels) and agricultural influence (middle panels) in Virginia 
(top panels), Delaware (middle panels), and Maryland (bottom panels), with formulas color 
coded based on type of molecular formulas (CHO in black, CHON in green, CHOS in red, and 
CHOP in blue). Presence-absence analysis (Sleighter et al., 2012) was used to identify formulas 
that are only found in the forest-influenced or farm-influenced DOM samples (colored in red and 
black, respectively, on the right panels). Number of formulas and corresponding percentages 
(relative to total number of formulas) are shown in the legends for the respective formula pools.  
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Section 4. Presence-absence analysis of molecular data 
 

 
Figure S6. Presence-absence analysis (Sleighter et al., 2012) of coastal dissolved organic 
matter (DOM) under forested and agricultural influence. Molecular formulas are color-coded 
based on type of molecular formulas (CHO in black, CHON in green, CHOS in red, and CHOP 
in blue). Number of formulas and corresponding percentages (relative to total number of 
formulas) are shown in the legends for the respective formula pools. Black lines separate the 
van Krevelen diagrams based on modified aromaticity index (AIMOD) (Koch and Dittmar, 2006, 
2016). 
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Figure S7. Presence-absence analysis (Sleighter et al., 2012) of coastal dissolved organic 
matter (DOM) under forested and agricultural influence. Molecular formulas are color-coded 
based on type of molecular formulas (CHO in black, CHON in green, CHOS in red, and CHOP 
in blue). Number of formulas and corresponding percentages (relative to total number of 
formulas) are shown in the legends for the respective formula pools.  
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Section 5. Kendrick mass defect exploration of molecular data 
 

 
Figure S8. Kendrick mass defect analysis of molecular formula catalogs that seeks formulas 
that differ by 17.026549 Da (mass of NH3). Precursor formulas (first formula on a series) are 
typically CHO formulas color-coded in black, NH3 homologs are color-coded in green, formulas 
not on KMD series are color-coded in gray. Corresponding molecular formulas are plotted on 
van Krevelen plots on Figure S9.  
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Figure S9. Van Krevelen diagrams of molecular formulas categorized by Kendrick mass defect 
analysis for NH3 homologs. Precursor formulas (first formula on a series) are typically CHO 
formulas color-coded in black, NH3 homologs are color-coded in green, formulas not on KMD 
series are color-coded in gray. 
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Figure S10. Kendrick mass defect analysis of molecular formula catalogs that seeks formulas 
that differ by 79.956815 Da (mass of SO3). Precursor formulas (first formula on a series) are 
typically CHO formulas color-coded in black, SO3 homologs are color-coded in red, formulas 
not on KMD series are color-coded in gray. Corresponding molecular formulas are plotted on 
van Krevelen plots on Figure S11.  
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Figure S11. Van Krevelen diagrams of molecular formulas categorized by Kendrick mass defect 
analysis for SO3 homologs. Precursor formulas (first formula on a series) are typically CHO 
formulas color-coded in black, SO3 homologs are color-coded in red, formulas not on KMD 
series are color-coded in gray. 
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Figure S12. Kendrick mass defect analysis of molecular formula catalogs that seeks formulas 
that differ by 79.966330 Da (mass of HPO3). Precursor formulas (first formula on a series) are 
typically CHO formulas color-coded in black, HPO3 homologs are color-coded in blue, formulas 
not on KMD series are color-coded in gray. Corresponding molecular formulas are plotted on 
van Krevelen plots on Figure S13.  
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Figure S13. Van Krevelen diagrams of molecular formulas categorized by Kendrick mass defect 
analysis for HPO3 homologs. Precursor formulas (first formula on a series) are typically CHO 
formulas color-coded in black, HPO3 homologs are color-coded in blue, formulas not on KMD 
series are color-coded in gray. 
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