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Low-permeability aquifer sediments (aquitards) are globally widespread and exert 
important controls on groundwater quality. Dissolved organic matter (DOM) in 
aquitards is likely to be a prime substrate for anaerobic microbial metabolism, with 
potential to facilitate the reduction of important groundwater contaminants, such as 
nitrate (NO3

-). However, it is difficult to estimate microbial assimilation based solely on 
DOM stable isotope composition (d13C) because interactions with the aquifer matrix 
(e.g. DOM adsorption/desorption) also alter d13C values. We estimated the extent of 
microbial fractionation of DOM by modelling the proportion of DOM fractionation due 
to changes in (13C enriched) hydrophilic DOM (HiDOM) and (13C depleted) hydrophobic 
DOM (HoDOM) in two shallow aquitard systems (0 to ~40 m depth) with contrasting 
vadose zone (VZ) thicknesses, overlying deep gravel aquifers (~40 to ~150 m depth). 
Results indicate that adsorption of HoDOM was most important in the aquitard with a 
20m VZ, but minimally important in the system with 1-2m VZ. Microbial fractionation of 
DOM in deep, anaerobic groundwater coincided with decreases in terminal electron 
acceptor concentrations at the same depth. The availability of reactive DOM, 
influenced by unsaturated zone thickness and flow rates, is therefore likely to be an 
important control on aquitard redox chemistry.  

 

Stable isotope modelling 
 Contributions of HiDOM and HoDOM to bulk DOM d13C values were estimated using (Equation 1) which 
describes the mixing of two end-members (HiDOM and HoDOM) with different characteristic ratios of 
13C/12C. Kaiser et al. (2001) characterized the d13C values of HiDOM and HiDOM in two soils and found that 
HiDOM is more enriched in 13C relative to HoDOM. Fractionation factors eHoDOM-HiDOM were in the order of 
+2-4 ‰. We used a range of representative fractionation factors and precursor d13C values consistent with C3 
vegetation (d13C -24 to -33 ‰).  
  
   (1) 
 
The difference between modelled and measured bulk DOM d13C values was then used to estimate the 
extent of microbial fractionation due to DOM assimilation using a simple modelling approach based on the 
rearranged Rayleigh equation (Equation 2).  
 
Reaction progress    (2) 
 

   

 
 

Dissolved organic carbon (DOC) degradation 
in groundwater sediments (redrawn with 

permission from the original of Komada et 
al. (2013)). 

 
SOC (soil/sedimentary organic carbon) is 

converted into high-molecular-weight DOM 
(HMW-DOC) via hydrolysis and/or oxidative 

cleavage. HMW-DOM is further 
transformed into low-molecular-weight 
(LMW) DOC, such as amino acids and 

monosaccharides. In addition, labile and 
refractory DOM may be removed from pore 

waters by recombination with the solid 
phase. 
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Depth profiles of DOM degradation reaction progress calculated from 
measured (●) and LC-OCD corrected (▲) DOC stable carbon isotope (d13C) 
data from piezometers in the aquitard-aquifer system at (a) Breeza 
Agricultural Farm and (b) Cattle Lane.  

Measured (●) DOC carbon isotope (d13C) values and 
modelled values (scenario #1 [■] #3 [□]) and DOC 
concentrations as a function of depth in the BAF (a) and CL 
(b) aquitards. Data points connected by lines were analysed 
by both LC-OCD and iTOC, allowing the d13C of 
HiDOM/HoDOM to be modelled. Additional data points from 
iTOC analyses are also shown by crossed symbols with no 
connecting lines.  

Location of the study area and key study sites in the Namoi region of 
New South Wales (NSW), Australia.  

This study focuses on groundwater from the inland Namoi catchment of the Murray-
Darling Basin in northern New South Wales (NSW), Australia. Quaternary deposits 
forming the upper parts of the sedimentary sequence (uniformly ~40m deep) are 
predominantly composed of smectite-rich clays and silts. 

Samples were collected from the Breeza Agricultural Farm (BAF), Breeza, and Cattle 
Lane (CL), Yarramanbah. These sites are distinguished by distinct vadose zone (VZ) 
thicknesses. At BAF the aquitard is semi-consolidated and intersected by multiple 
sand lenses. Increasing usage of groundwater for irrigation purposes in the Breeza 
vicinity from the late 1970’s towards the present has caused the drawdown of the 
water table, leading to a large VZ (water table ~18 m). In contrast, at Cattle Lane 
the aquitard is massive and the water table fluctuates between 1-2m depth.  

• DOM evolves to a point at which the microbial 
degradation of the residual DOM fraction cannot 
be readily detected. 

  
• Combined sorption and mineralization result in 

DOM in deeper groundwater with average 
molecular weights of ~300 mol/g, and d13C 
values of ~10‰, representing a refractory DOM 
end-member.  
 

• Groundwater abstraction and dewatering of 
aquitards has the potential to increase the 
removal of DOM by adsorption and microbial 
breakdown of DOM by increasing the residence 
time of DOM with dissolved oxygen.  
 

• Groundwater depletion therefore has the 
potential to exacerbate nitrate contamination, 
since reactive DOM originating in the soil zone is 
likely to be microbially processed during 
infiltration. 
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