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Considerations
• Natural organic matter (NOM) is continuous in 

molecular-level composition and structure
• Size
• Shape
• Heteroatom Distribution 
• Aromaticity
• Etc.

• The molecular-level composition and structure 
of dissolved organic matter (DOM) is always 
similar to the parent organic matter source
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Biologically-Derived Dissolved Organic Matter 
from Petroleum (DOMHC)
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The DOMHC Plume at the Bemidji Site is Expanding
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+ Aex/t

y = Modeled [DOC] at t 
y0 = Stable [DOC] 
x = Residence time
t = Time constant 
A = Initial [DOC] 



Parallel Factor (PARAFAC) Analysis of 
Excitation Emission Matrix (EEM) Spectra

• Decomposes EEMs underlying chemical 
components

• Represents the values of fluorophores to each 
component

• Leads to mathematical identification and 
quantification of varying fluorophores

• Environmental samples
• Composition?
• Identity of fluorophores?

“Mathematical Chromatography” 
Stedmon and Wünsch <urbw@aqua.dtu.dk>
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Cao, et al. 2016

Molecular-Level Composition and Structure 
by Optical Spectrocopy?

Shank, G.C., et al. 2010

High Throughput: Optical Properties and Molecular-Level Composition

Molecular-Level Composition and Structure



Ultrahigh Resolution Mass 
Spectrometry



Compositional Information from FT-ICR MS
m/z Formula
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HIX = Humification Index
C1-C6 = PARAFAC Components 1-6
a254 = Absorbance at 254 nm
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Structure by 2D NMR (S.S. 13C & 1H)
Well 9315C

• Aliphatic OC carbons 
are near alkyl 
components, not in 
carbohydrates.

• C=C near alkyl 
component.

• Carboxyl groups are 
mostly attached to 
alkyl carbons: 
carboxylated aliphatic 
(alicyclic?) molecules.
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