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latter agrees with the higher proportion of total nitrogen found in the NHOM fraction of 

marine samples compared to the terrestrial sampling sites (Chapter II). 

 Two dimentional 1H-13C HSQC NMR analysis (Figure 3) was also conducted on 

the NHOM residue isolated from the Station D-E sample to better resolve the overlapping 

peaks in the aliphatic and the methoxy regions of the spectrum. Once again, the 2D plot 

shows a predominant aliphatic signal which can be deconvoluted into terminal methyl, 

methylenic, as well as CH2 groups in the alpha and beta position of a carboxyl. These 

peaks suggest the presence of fatty acid-like compounds condensed in large 

macrobiopolymers that are not soluble in organic solvents (Chapter II). Using 2D NMR 

also allows two low intensity chemical shifts to be distinguished: terminal hydroxyl 

groups attached to a methylenic carbon, 3.7 x 65 ppm,, as well as ester bound CH2 

groups, 4 x 70 ppm (Simpson et al., 2003). 

  

 
Figure73.3 1H-13C HSQC of the freshwater surface sample. The aliphatic region (Al) is expanded in the insert.  
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3.4.3 RuO4 Oxidation products 

 To find clues on the structure of the NHOM fraction in terrestrial, mixed and 

marine samples, the RuO4 oxidation method (Blokker et al., 1998) was applied to the 

untreated sediment samples and their NHOM isolate for the surface sample at the four 

sampling sites (Figures 3.4a and 3.4b). Two major families of oxidation products were 

generated, namely a series of C4-C30 alkanoic acids and a series of C7-C27 alkandioic 

acids. Although identification of the compounds was possible, the C4-C6 alkanoic and 

alkandioic acids were not considered further in the discussion or calculations because 

they are highly volatile when derivatized; it is therefore assumed the low relative 

abundances found for these short-chain acids reflect partial sample loss during sample 

preparation. All raw sediment samples showed a maximum for alkanoic acids at C18 

followed by C16 and C15; corresponding to algal and bacterial OM contributions 

(Kawamura et al., 1987). A second series of peaks from C20 to C30 and centered around 

C22 to C24 indicates a contribution from terrestrial fatty acids at all sites (Bourbonniere & 

Meyers, 1996), with a decreasing relative importance seaward. As a result, the 

distribution of the saturated alkanoic acids shifts toward shorter chain lengths moving 

offshore, corresponding to a change in OM inputs, from a mix of terrestrial and bacterial 

matter to a mix of algal and bacterial OM; an observation mirrored by isotope results 

presented in Chapter II (Table 2.2). Hayes (1993) showed seaward enrichment of OC 

resulting from the utilization of bicarbonate as the carbon source. These differences are 

emphasized even more in the NHOM fraction (Figure 3.4b), although with greater 

variability. An even stronger predominance of shorter chain alkanoic acids is found in the 
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marine samples (Station 16), while the longer chain alkanoic acids predominate in the 

terrestrial samples (Lake Jean, but even more strikingly at Station D-E).  

 The integrative parameter TAR (terrestrial-to-aquatic ratio) value calculated for 

each sample corresponds to the ratio of the sum of the concentrations measured for the 

long chain alkanoic acids (C19 to C30) to that of the short chain alkanoic acids (C7 to C18). 

High TAR values thus indicate sample with higher relative terrestrial OM inputs, while 

low values are typical of marine samples (Cooper & Bray, 1963). Figure 3.5 shows the 

variations in TAR plotted as a function of the distance from mouth of the St. Lawrence 

River.  

  
 
  

 
Figure83.5 The terrestrial vs. aquatic ratio (TAR) shows a clear relationship between chain length preference 
and distance from the mouth of the SLE for alkanoic acids liberated from untreated sediments and their NHOM 
residues 
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In addition to a clear decrease of chain length with distance from the mouth of the 

estuary, clear differences were found in the carbon preference index (CPI) values; 

(preference of even-chain molecules over odd-chain ones, or carbon preference index 

(Cooper & Bray, 1963). CPI values > 2.5 represent fresh OM while < 1 correspond to 

ancient and/or reprocessed OM. The values measured in this study ranged from 0.18 to 

1.88 for the oxidation products from untreated sediment and 0.18 to 0.86 for those 

obtained for the NHOM residues (Figure 3.6); suggesting OM being deposited is more 

degraded moving offshore. Most untreated samples contained fresher OM compared to 

their NHOM isolates (the reason for the much lower value measured at Station 16, 0-5 

cm, is unknown), suggesting that the NHOM isolates are composed of highly processed 

OM or that the building blocks of the macrobiopolymer structure are even-chain aliphatic 

compounds.  

 
Figure93.6 Carbon preference index (CPI) values show a clear difference in the even-to-odd ratios calculated for 
the untreated samples and their isolates 
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Figure 3.4 Alkanoic acids liberated from (a) raw sediments and (b) the NHOM isolate for lacustrine (Lake 
Jean), fresh (Stn DE), mixed (Stn 23) and salt-water (Stn 16) samples 
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Table 3.1 Quantification of alkanoic acids from RuO4 treatment 
    Lac Jean (0-3cm) Lac Jean (9-15cm) Station D-E Station 23 (0-5cm) Station 23 (15-18cm) Station 23 (28-33cm) Station 16 (0-5cm) Station 16 (10-14cm) 
  #C Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM 

Alkanoic Acids 4 0.01 0.01 0.24 0.02 0.00 0.03 0.08 0.01 0.09 0.03 0.02 N.D. N.D. 0.01 N.D. 0.01 
(% of Total) 6 0.03 0.02 0.01 0.00 0.01 0.01 N.D. 0.03 0.06 0.02 0.02 0.03 N.D. 0.00 0.01 0.00 

  8 0.00 0.01 0.00 0.00 0.01 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.03 
  10 0.06 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.04 0.01 0.02 0.01 0.07 0.09 N.D. 0.22 
  11 0.63 0.72 0.20 0.84 0.43 0.07 0.64 0.56 1.12 0.41 0.64 0.22 1.17 1.44 0.42 2.17 
  12 3.29 0.84 1.84 4.32 2.43 0.35 2.41 3.28 3.52 2.91 2.92 1.60 2.71 0.62 2.66 0.85 
  13 3.89 2.94 2.51 2.54 4.18 2.55 5.80 3.46 6.12 3.13 4.65 2.60 4.83 6.88 7.33 6.92 
  14 1.62 7.83 6.33 7.71 7.84 2.13 7.76 9.10 7.38 8.46 7.60 6.63 6.83 44.90 10.38 45.99 
  15 N.D. 5.78 7.00 4.18 12.82 0.55 11.09 7.38 9.97 6.61 9.55 6.35 8.89 18.62 15.70 16.41 
  16 13.95 10.46 7.31 10.06 11.00 1.48 17.50 14.44 16.14 13.43 17.18 12.84 17.36 0.64 17.11 0.89 
  17 4.80 4.43 3.09 3.63 3.51 1.88 4.37 4.95 N.D. 4.91 3.75 5.12 4.38 10.93 8.31 11.39 
  18 14.66 11.17 8.34 12.23 16.31 2.92 23.86 15.49 29.02 14.53 25.97 15.51 29.98 0.13 22.22 0.13 
  19 0.67 0.47 0.31 0.58 0.67 10.62 0.59 0.88 0.68 0.93 0.76 0.85 0.18 2.96 0.40 3.24 
  20 5.90 5.76 4.00 4.65 2.97 1.19 2.24 3.73 1.66 3.98 2.23 4.58 1.37 0.60 2.35 0.80 
  21 6.79 16.05 4.89 18.24 4.11 1.07 2.67 6.40 2.51 7.87 2.88 8.29 1.53 2.96 2.86 2.70 
  22 11.24 6.80 8.81 5.79 6.05 1.51 3.77 4.91 3.60 4.97 3.52 5.93 1.26 0.47 1.90 0.52 
  23 6.64 5.49 4.91 4.20 6.32 18.59 3.31 5.51 3.32 5.78 3.18 6.77 0.98 3.39 1.73 2.99 
  24 9.54 4.81 7.69 4.24 6.33 14.12 4.20 5.08 4.39 5.23 3.93 6.79 1.16 0.58 1.95 0.66 
  25 3.57 6.73 2.73 5.73 3.33 17.56 2.03 4.67 2.21 6.23 2.24 11.19 0.59 2.35 1.00 2.13 
  26 5.36 2.71 4.02 2.11 4.22 7.67 2.70 3.08 3.01 2.53 3.14 4.74 0.84 0.58 1.38 0.18 
  27 2.09 2.83 22.43 5.48 1.91 3.99 1.58 3.24 1.68 4.33 1.49 N.D. 14.85 0.94 0.85 0.86 
  28 3.89 2.11 2.70 1.44 3.65 6.34 2.24 1.93 2.57 1.68 3.07 N.D. 0.63 0.11 0.82 0.14 
  29 1.31 0.98 0.77 0.58 1.75 3.47 1.06 1.20 0.96 1.15 1.05 N.D. 0.30 0.83 0.37 0.80 
  30 0.09 1.10 0.11 1.45 0.17 1.96 0.16 0.70 0.11 0.93 0.22 N.D. 0.07 N.D. 0.28 N.D. 
  Sum  (mg/g C) 17.62 1.42 0.71 1.17 0.36 11.49 0.28 0.53 0.16 0.77 0.25 0.71 0.68 71.62 0.32 68.51 
  CPI 1.77 0.73 0.70 0.60 1.33 0.72 1.40 0.88 1.45 0.72 1.48 0.79 0.23 0.19 1.17 0.19 
  TAR 1.00 0.50 0.93 0.35 0.67 0.00 0.33 0.38 0.37 0.38 0.37 0.55 0.10 0.03 0.14 0.02 
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Table 3.1 (cont.) Quantification of alkandioic acids from RuO4 treatment 

 
 

 

   Lac Jean (0-3cm) Lac Jean (9-15cm) Station D-E Station 23 (0-5cm) Station 23 (15-18cm) Station 23 (28-33cm) Station 16 (0-5cm) Station 16 (10-14cm) 

  #C Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM 

Alkandioic Acids 7 0.29 1.73 1.75 1.13 3.89 0.30 4.17 2.27 3.53 2.89 2.09 N.D. 2.07 5.87 1.71 2.83 
(% of Total) 8 0.04 3.79 0.48 5.51 0.76 0.33 1.23 2.60 0.79 4.59 0.88 N.D. 0.98 N.D. 2.48 N.D. 
  9 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.03 N.D. 0.05 
  10 0.00 0.03 0.02 0.03 0.01 0.05 0.08 0.02 N.D. 0.04 0.02 0.10 0.05 N.D. N.D. 0.49 
  11 0.07 1.54 0.36 0.51 0.25 1.94 0.90 0.60 1.22 0.36 0.61 0.66 10.55 0.67 N.D. 2.82 
  12 0.54 2.72 2.41 0.93 4.20 0.46 5.54 1.18 4.63 0.79 2.85 1.05 2.57 5.12 0.86 3.53 
  13 9.03 6.52 7.02 7.21 4.41 5.77 11.59 7.55 11.05 8.41 5.57 7.16 20.11 25.09 20.29 15.94 
  14 78.22 4.84 7.07 7.87 5.01 47.30 22.00 8.72 18.05 8.39 9.18 9.79 29.25 3.15 34.90 1.02 
  15 1.08 0.80 2.60 20.28 3.57 18.19 16.74 1.23 24.61 6.14 2.77 6.01 2.84 13.70 5.11 13.21 
  16 0.43 3.06 2.65 3.28 2.23 0.06 1.70 3.22 1.15 3.70 2.71 3.49 1.39 1.86 1.66 3.21 
  17 1.58 9.20 12.81 9.84 7.92 12.20 5.41 8.39 0.70 8.43 10.29 8.15 5.17 13.18 6.99 12.01 
  18 0.64 4.78 5.73 4.28 3.70 0.12 3.28 5.53 3.08 6.42 5.59 6.62 3.26 2.36 3.73 4.59 
  19 1.58 17.32 11.25 7.30 13.06 3.29 4.76 14.42 6.98 13.84 13.14 13.17 2.94 5.39 5.01 8.11 
  20 0.40 5.06 3.27 5.09 3.29 2.15 1.21 4.85 0.25 3.49 3.89 4.19 2.58 1.40 1.53 0.30 
  21 0.38 1.78 2.87 1.16 3.72 4.89 5.91 1.95 7.11 3.55 2.54 3.15 4.86 4.43 4.64 7.07 
  22 0.64 2.84 4.54 2.74 4.13 0.05 3.45 3.63 2.39 3.41 4.06 3.91 1.09 1.41 2.03 3.19 
  23 1.49 10.16 9.81 5.73 9.95 0.77 3.37 8.74 0.71 6.78 9.50 9.32 1.76 5.37 3.13 6.47 
  24 0.62 2.69 4.12 2.57 4.41 0.22 1.70 3.34 1.82 2.57 4.81 4.07 0.87 0.29 1.64 2.54 
  25 2.00 13.93 13.79 8.42 15.38 1.16 4.11 12.17 8.96 9.52 11.05 15.19 1.44 4.41 1.80 4.98 
  26 0.39 2.16 3.56 2.03 3.18 0.15 1.20 2.92 1.26 2.23 3.18 3.98 4.79 1.96 1.16 2.65 
  27 0.59 5.04 3.88 4.09 6.93 0.60 1.65 6.68 1.72 4.44 5.27 N.D. 1.44 4.31 1.33 5.02 
  Sum  (mg/g C) 44.99 0.45 0.18 0.34 0.09 74.92 0.04 0.16 0.02 0.17 0.07 0.15 0.06 5.72 0.04 10.95 
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3.4.4 Compound-specific δ13C analysis of the RuO4 oxidation products 

 Compound-specific δ13C analysis was conducted on the alkanoic/dioic acids 

produced upon oxidation of the untreated samples and their isolates. Measurement of the 

carbon stable isotope signatures was possible only for compounds that were well resolved 

on the GC chromatograms and high enough in concentration. These compounds were the 

C12-C20 alkanoic acids and the C9-C20 alkandioic acids (Table 3.2).  The δ13C signature 

obtained for alkanoic acids derived from both the untreated sediments and NHOM 

residues showed a seaward enrichment that paralleled the pattern obtained for the bulk 

samples (Chapter II). In addition to the enrichment offshore, isotopes of the long chain 

alkanoic acids displayed more depleted signatures compared to the shorter chain 

compounds, an observation that agrees with the hypothesis of the utilization of readily 

available materials during synthesis of the cell wall of phytoplankton organisms 

(Versteegh et al., 2004). There was a nearly linear relationship between the δ13C 

signatures of alkanoic acids from the untreated samples and those of the NHOM isolates 

(Figure 3.7), with differences in signatures for individual compounds stemming from the 

origin of the carbon source (more 13C-depleted signatures for terrestrial OM and more 

enriched ones for marine OM; (Hayes, 1993). This relationship suggests a selective 

preservation pathway, as NHOM shows the same potential for preservation independent 

of its source. It appears that what determines whether an OM component is preserved and 

eventually buried in sediments is its chemical structure rather than origin. 

 The δ13C signature of two alkanoic acids, C15 and C17, differs significantly 

compared to those of the others compounds. While all other alkanoic acids showed 

enriching signatures going seaward and very close agreement between 13C signatures of 
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untreated sediment and their NHOM isolates, the C15 and C17 alkanoic acids, which are 

both considered markers for bacterial OM sources and reprocessing (Gelin et al., 1997), 

displayed more 13C enriched signatures in the NHOM isolates suggesting some level of 

bacterial reprocessing prior to incorporation into the NHOM component (Figure 3.8). In 

the NHOM residues, both acids displayed signatures enriching seaward, suggesting 

different sources for the lipid-like compounds integrated in NHOM components (Gelin et 

al., 1994), however this obervation requires further investigation. 

 

 

 
Figure103.7 The comparison of the δ13C stable isotope signature of alkanoic acids liberated from the untreated 
sediments and their NHOM isolates shows a nearly linear relationship reflecting the variations in relative 
contributions from terrestrial (lower δ13C values) 
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Figure113.8 Compound-specific δ13C stable isotope signatures of the alkanoic acids from (a) the untreated sediment and (b) their NHOM isolates. 
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Table 3.2. Compound-specific δ13C analysis of the oxidation products from the RuO4 treatment  
    Lac Jean (0-3cm) Lac Jean (9-15cm) Station D-E Station 23 (0-5cm) Station 23 (15-18cm) Station 23 (28-33cm) Station 16 (0-5cm) Station 16 (10-14cm) 
  #C Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM Untreated NHOM 
Alkanoic Acids 12 -27.70 -27.07 n/a -26.28 n/a -26.35 -23.53 -24.29 -24.62 -23.31 -25.20 -24.96 -23.98 -24.28 -23.68 -24.44 
 (‰)  13 -32.69 -31.13 n/a -31.37 n/a -27.59 -24.29 -25.78 n/a -25.97 -25.99 -26.97 -24.30 -24.55 n/a -25.44 
  14 -34.66 -31.45 -32.68 -31.02 -29.41 -29.14 -24.80 -26.17 n/a -26.34 -27.05 -27.13 -24.70 -26.32 -24.72 n/a 
  15 -26.07 -27.35 -25.84 -26.57 -21.19 -23.90 -22.08 -19.60 -22.96 -22.83 -18.93 -22.23 -21.58 -22.04 -20.99 -18.48 
  16 -32.03 -30.33 -29.83 -29.96 -26.28 -27.17 -23.56 -24.96 -25.37 -25.70 -25.52 -25.50 -24.89 -25.77 -23.66 -25.65 
  17 n/a -34.18 -32.19 -34.55 n/a -25.16 -22.70 -25.14 -26.76 -24.60 -26.02 n/a -25.04 n/a -28.30 -22.58 
  18 -27.38 -28.47 -28.22 -28.47 -25.12 -24.85 -23.34 -23.93 -24.76 -24.97 -24.66 -25.34 -25.21 -23.76 -23.20 -27.09 
  20 -32.32 -32.82 -32.89 -33.54 n/a -27.84 -25.76 -26.67 n/a -29.37 -29.11 -28.66 -25.00 -23.89 -26.14 -24.58 
  21 -30.77 n/a -31.02 n/a n/a -23.13 n/a -23.52 n/a -12.09 -29.13 n/a n/a n/a n/a n/a 
  22 -30.89 n/a -31.19 n/a n/a n/a n/a -24.73 n/a n/a n/a n/a -21.82 n/a n/a n/a 
  23 -31.14 -28.63 -31.30 n/a n/a n/a n/a n/a n/a n/a -29.72 n/a n/a n/a n/a n/a 
  24 n/a n/a -30.37 -30.61 -29.19 -28.47 -25.73 -27.61 -29.61 -27.78 n/a -30.05 -25.82 -24.56 n/a n/a 
Alkandioic Acids 9 n/a -29.17 n/a -29.08 n/a -27.08 n/a -24.60 n/a n/a n/a n/a -24.53 n/a n/a -26.44 
 (‰)  10 -28.24 -30.21 n/a -30.42 n/a -26.64 -23.30 -23.39 n/a -25.66 -22.84 -25.87 -23.07 -23.97 -23.42 -24.81 
  11 -38.83 n/a n/a -38.67 n/a -31.42 -24.26 n/a n/a -24.59 -20.10 -24.60 -24.31 -24.22 -23.67 -17.74 
  12 -32.82 -31.96 -29.39 n/a n/a -25.35 -24.18 -23.66 -24.97 -21.69 -24.15 n/a -24.29 n/a -22.77 -25.73 
  13 n/a -18.55 -26.51 -28.76 n/a -24.67 n/a -21.58 n/a n/a -21.62 n/a -21.95 -19.53 -23.42 -19.90 
  14 -29.05 -28.45 -31.54 -30.36 n/a -21.77 n/a -23.57 n/a -21.93 -25.10 n/a n/a n/a n/a n/a 
  15 n/a n/a -31.81 n/a n/a n/a n/a -22.99 n/a n/a n/a n/a -18.67 -22.76 n/a n/a 
  16 -27.59 -28.95 -28.46 -27.20 n/a -27.37 n/a -25.00 n/a -25.71 -25.46 n/a n/a n/a n/a -25.75 
  17 n/a n/a -31.30 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a -24.04 n/a 
  18 -33.97 -33.90 -34.24 n/a n/a -30.50 n/a -28.92 -30.45 -29.30 -31.18 -30.82 -25.88 -25.72 -26.06 -27.44 
  19 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
  20 -30.22 -30.77 -29.72 n/a n/a n/a n/a n/a n/a n/a -28.89 -28.28 n/a n/a -27.01 n/a 
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Conclusions 

 NHOM residues were isolated from eight sediment samples and characterized via 

spectroscopic and molecular analyses. Solid state 13C NMR results revealed the highly 

aliphatic nature of the NHOM residue with a smaller aromatic contribution attributed to 

lignin moieties, seaward from the river mouth. Further analysis using 1H-13C HSQC 

NMR confirmed the predominant contributions from polymethylenic moeities and also 

allowed the confirmation of the presence of other functional groups typical of fatty acids. 

 Our RuO4 oxidation results showed that C4 to C30 alkanoic acids, and C7 to C27 

alkandioic acids were liberated from both the untreated sediments and the NHOM 

isolates, with relative contributions reaching a maximum for C16 and C9 for alkanoic and 

alkandioic acids, respectively. Alkanoic acids liberated from both the untreated sediment 

and their NHOM isolates revealed TAR values shifting from high values in the 

terrestrially influenced samples, to much lower values in the more marine samples. The 

even-to-odd CPI index, on the other hand, remained fairly constant in all NHOM isolates, 

suggesting a common formation pathways and selective preservation of chemically 

distinct macrobiopolymers enriched in aliphatic and aromatic moieties.  

 CSIA of the alkanoic acids produced upon RuO4 oxidation of the untreated 

sediments and their NHOM isolates showed a trend of more negative δ13C signatures in 

terrestrial samples and less negative ones in marine samples for all alkanoic acids except 

the C15 and C17 molecules. This trend supports the hypothesis of in-situ polymerization of 

the two acids, resulting in their incorporation into the NHOM residue (Versteegh et al., 

2004). The C15 and C17 bacterial biomarkers were more enriched in 13C compared to all 

the other alkanoic acids, while also showing a seaward enrichment in 13C. This result 
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suggests that the NHOM fraction is likely highly processed by bacteria, and that chemical 

composition rather than origin (terrestrial or marine) better explains the preservation and 

burial potential of this fraction. 

 More work is required to complete our understanding of the formation pathway 

and preservation potential of the NHOM fraction under oxic and anoxic conditions. Very 

little lignin-derived OM was identified in this fraction, a result that disagrees with the 

current general understanding of NHOM sources and cycling. Whether this result is due 

to the very long reaction time used to isolate the NHOM fraction (Chapter II) or to the 

fact that lignin-derived compounds might be more susceptible to acid hydrolysis than 

previously thought remains to be confirmed. Our work confirmed however that algaenan-

like structures are a major contributor to NHOM, but they also raise the question of the 

possible multiplicity of sources for this type of compounds as terrestrial NHOM was also 

enriched in these types of compounds, albeit with a δ13C signature reflecting a terrestrial 

rather than marine source. 
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Chapter IV 

General Conclusions 

 Quantitative elemental and isotopic analysis (%OC, %TN, C/N ratios, δ13C and 

δ15N) of the bulk OM in estuarine and lacustrine sediments, while providing insight on 

OM source and diagenetic state, cannot give information on overall OM reactivity. The 

implementation of the chemical fractionation technique outlined in Chapter 2 allowed us 

to generate a more complete picture of the total OM, distinguishing the labile OM 

(degradable in oxic and anoxic conditions) from non-hydrolyzable OM (degraded in oxic 

conditions) and totally refractory OM (preserved in oxic and anoxic conditions). 

Elemental and isotopic analysis following each successive treatment of 9 natural 

sediment samples allowed us to determine the relative contribution of each of the 3 main 

reactivity classes as well as its isotopic signature.  It allowed us to probe the overall 

recalcitrance of the total OM and whether there are any spatial trends across a terrestrial 

to marine depositional transect. We see that there is an inverse relationship between the 

hydrolyzable and non-hydrolyzable fractions, with NHOM becoming more prominent 

seaward of the river mouth. The longer exposure to oxic conditions in marine 

environments preferentially removes the hydrolyzable OM over NHOM, thereby 

concentrating NHOM and increasing its relative contribution. NHOM seems to acquire 

its isotopic signature from its depositional setting (i.e. where the main source of 

depositing OM is terrestrial, NHOM has a more terrestrial signature) suggesting that 

recalcitrant compounds can be synthesized by both marine and terrestrial organisms and 

selectively preserved in the sediment. Alternatively, these compounds are synthesized in-
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situ through condensation reactions involving either marine or terrestrial precursors 

(geopolymerization).  

 Spectroscopic and molecular analysis of the non-hydrolyzable fraction was also 

conducted. FTIR analysis revealed that there is a common chemical nature of NHOM 

isolated from all the natural samples. Enrichment in C-C and C=C bonds shows that 

NHOM is highly aliphatic in nature. A prominent C-O feature most likely indicates that 

ether cross-linkages exist between the aliphatic chains, as is common in algaenans. These 

findings were further supported by solid state 13C and 1H NMR.  

The cross-linkages within this lipid-like material were targeted using a mild RuO4 

oxidation, liberating alkanoic (C4-C30 chains) and alkandioic acids (C7-C27 chains). The 

carbon preference index indicates that the organic material collected from our most 

marine sampling station is more diagenetically advanced than other stations along the 

transect. Compound-specific isotopic analysis shows that the isotopic composition of the 

acids liberated from NHOM is similar to the acids liberated from the bulk sample, 

indicating the common origin of both the bulk OM and the NHOM in these samples. 

Scaling up the sample size used during the oxidation to increase the yields of alkandioic 

acids would generate a more complete isotopic picture. Advanced statistical analysis 

(principal component analysis) of the isotopic signature and yield of oxidation products 

may also prove useful for the identification of obscured trends in our data and may 

expand our mechanistic understanding of preservation and synthesis of the non-

hydrolyzable fraction. 

 Future studies should also focus on quantifying the terrestrial contribution to 

NHOM. Molecular analysis targeting aromatic compounds (almost exclusively 
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